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Abstract: The COVID-19 pandemic significantly threatened healthcare systems worldwide. The
worst-hit population has been represented by older people with underlying chronic comorbidities,
while children and adolescents developed mild or asymptomatic forms of the disease. However,
certain medical conditions (i.e., obesity, respiratory, or neurological or immune disorders) may
increase the risk for poor health outcomes even in young and middle-aged people. Beyond the
direct negative effects of the infection, the pandemic posed several health challenges through an
increase in psycho–social issues (i.e., anxiety, depression, fatigue, sleep alterations, loneliness, reduced
assistance, and loss of income). Accordingly, the pandemic is negatively impacting the accumulation
of the functional reserves of each individual, starting from early life. With the long-term effects
of the pandemic to be seen in the coming years, clinicians must be prepared to manage such high
clinical complexity of people they encounter, through the implementation of multidimensional and
multidisciplinary interventions.

Keywords: long COVID; COVID-19; nutrition; frailty; sarcopenia; public health; life course; intrinsic
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1. Introduction

The COVID-19 pandemic posed serious challenges to the healthcare systems world-
wide and significantly changed our life. The worst-hit population during this pandemic is
represented by older people with underlying chronic comorbidities. On the other hand,
children and adolescents seem to develop asymptomatic or mild forms of the infection [1].
However, even younger people with certain underlying medical conditions (i.e., obesity,
respiratory, or neurological or immune disorders) can experience adverse health outcomes
including mortality [1,2]. From a life course perspective, early life is the sensitive period
in which each person builds up their biological reserves. Accordingly, adverse early life
exposures can influence human health in the long term since the rate of functional decline
observed during aging depends, beyond later life conditions, on the peak of reserves
attained during early development [3]. In other words, socio-historical negative events,
such as the COVID-19 pandemic, can have a negative impact on health trajectories through
various environmental factors determining a decreased accumulation of biological reserves.
According to life course theory, there are developmental turning points in which the ac-
cumulation of disadvantages can deflect resilience trajectories [4]. The same risk of poor
outcomes from COVID-19 infection depends on the accumulation of prior exposure to
health-related stressors determining later-life conditions (i.e., multimorbidity, frailty, and
psycho–social problems). The management of COVID-19 worldwide has thus far concen-
trated more on treating the acute phase of the illness, but, compared to the beginning of
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the pandemic, it is now becoming increasingly evident that, regardless of age, COVID-19-
infected subjects may experience debilitating long-COVID symptoms for many months
after developing the disease [5]. Unfortunately, even the most advanced healthcare systems,
which were originally based and remain centered on the “single disease” approach, have
been found largely unprepared to manage the high clinical complexity of frail older people,
as well as the needs of the young categories faced with COVID-19. Despite older adults
representing the largest portion of the population affected by COVID-19, they received
relatively little attention. Indeed, some ageism phenomena have been seen in our societies,
with the impression that COVID-19 is only a problem of old age [6]. As a result, chronologi-
cal age has been frequently used as the unique criterion for allocating resources to support
the care of patients with COVID-19. Serious consequences from a COVID-19 infection can
be observed in children too, such as the multisystem inflammatory syndrome in children
(MIS-C) [5].

The secondary effects of the COVID-19 pandemic have also been large. People of
all age groups have suffered from the situation both socially and psychologically [7]. In
particular, containment measures to limit the spread of the virus posed an important threat
to older people’s health (i.e., reduced mobility and assistance, worsening of depressive
symptoms, sleep disorders, nutritional issues). Some services have changed or been inter-
rupted, including outpatient clinics and preventive programs. Despite video conferencing
aids and telerehabilitation strategies having been implemented, it should be noted that
older people are frequently not very confident with new technologies and may present
visual and hearing problems challenging the interaction via these channels. It has been
widely reported that older adults need assistance to learn a new technology. Furthermore,
factors such as advanced age, lower education and income, and poor health status have
been described as barriers in learning a new technology during the COVID-19 pandemic [8].
Indeed, addressing some of these barriers (i.e., sociodemographic and clinical factors)
can be helpful in the adoption of new technologies among older adults. The COVID-19
pandemic also introduced some challenges to clinical research projects, which have been
often re-shaped or even interrupted [9].

Finally, in the context of COVID-19, other elements are gaining increasing importance
in the management of the pandemic. To name a few, nutritional status has been indicated
as an important mediator of the infection, modulating the susceptibility and severity of
the disease [3–5]. At the same time, vaccination campaigns are widely demonstrating their
efficacy in preventing severe disease and death. However, the problem of vaccine inequity
between developed and developing countries is yet to be resolved, holding up the chances
to reach global immunization [10,11]. In the perspective of moving closer to the end of
the pandemic, topics such as nutrition and global immunization as well as rehabilitative
strategies should therefore be discussed and implemented nationally and internationally.

2. Psycho–Social Impact

The psycho–social impact of the COVID-19 pandemic should not be overlooked. The
implementation of prolonged containment measures adopted to limit the spread of the
virus negatively impacted the lives of everyone resulting in anxiety, fear of being infected,
loneliness, increased depressive symptoms, sleep alterations, reduced assistance, loss of
income, and fatigue [12,13]. Furthermore, in this case, older people represented the worst-
hit population since during the various lockdowns they experienced a reduction in assistive
procedures, limited access to grocery shopping as well as reduced support for shopping
and cooking [14], just to name a few. To date, sleep disorders and depressive symptoms are
already too-prevalent conditions in older people and have been exacerbated by such drastic
countermeasures. The COVID-19 pandemic also increased the prevalence and worsening of
some other conditions such as agitation, anxiety, and delirium frequently observed in older
people, especially in those with cognitive deterioration [15,16]. The message that the most
vulnerable group to adverse outcomes from COVID-19 infection is represented by older
people with underlying comorbidities created a noticeable sense of fear among older adults.
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Nursing home residents also experienced dramatic behavioral changes, since for several
months the structures in which they lived were completely closed to visitors in order to
protect them from the infection. As already anticipated, younger people are no strangers to
the psychological and social burden that has resulted from COVID-19 pandemic. Recent
studies investigating the long-term effect of COVID-19 on children and adolescents have
surprisingly suggested that, for all outcomes related to the psychological and social sphere,
young subjects who did not develop COVID-19 reported even more frequent problems than
their counterparts who instead developed the disease [17,18]. However, the two extremes
of life present substantial differences in terms of the needed psycho–social support. To date,
older people, despite needing some forms of support, can frequently experience loneliness
and social isolation. Cognitive as well as financial problems are also more prevalent in
older adults than in their younger counterparts.

During the COVID-19 pandemic, the rates of domestic violence (i.e., sexual, psycho-
logical, and physical abuse) markedly increased, with children, women, and older people
representing the most vulnerable groups [19,20]. From a life course perspective, psychologi-
cal and social exposures to adverse events, starting from early life, have long-term sequelae
including declined mental and physical capacities [21]. In particular, adult cognition is
strongly determined by educational attainment as well as childhood cognitive ability [22]
and most of mental health problems are determined during adolescence and early adult-
hood [23]. Indeed, it should not be overlooked that the disruption of educational programs
also poses a threat to educational attainment, which is widely recognized as a risk factor for
cognitive deterioration later in life [24]. Furthermore, socioeconomic disadvantage across
the life course has been associated with accelerated aging, decline in muscle strength, and
the occurrence of multiple morbidities as well as reduced access to healthcare [25].

Fatigue and COVID-19

The World Health Organization (WHO) recently released a document introducing the
term “pandemic fatigue” to identify the symptom resulting from an unprecedented and
prolonged public health crisis. In this document, the WHO defined pandemic fatigue as “a
demotivation to follow recommended protective behaviors, emerging gradually over time
and affected by a number of emotions, experiences and perceptions” [26]. Fatigue is one
of the most complained-about symptoms by older people and has been also reported as
the most prevalent and long-lasting symptom after SARS-CoV-2 infection [27,28]. There
are several mechanisms that can be involved in the manifestation of fatigue, such as
inflammation and mitochondrial dysfunction, autonomic nervous system abnormalities,
poor nutritional status, and sleep alterations. Interestingly, all these mechanisms are also
observed in the context of COVID-19 [29]. Fatigue may therefore be envisioned as a clinical
indicator of an underlying biological abnormality [30,31]. However, the subjectivity of the
symptom and the lack of a gold standard measure for fatigue assessment contribute to
its poor consideration in the clinical practice [29]. It should be noted that fatigue can be
perceived even in middle-aged and young people following stressful conditions such as
containment measures. In fact, everyone suffered from these drastic measures, changing
their behaviors such as outdoor activities or spending time with their peers and other
family members towards unhealthy behaviors (i.e., increased sitting times, watching TV,
video gaming and computer use, junk food consumption). Depression, sleep alterations,
and fatigue frequently coexist and interact, creating a vicious circle and thus exposing the
older person to adverse outcomes [32]. Indeed, it is pivotal to also properly consider other
components related to the psycho–social sphere which may affect individual health status.

3. Impact on Nutritional Status

Nutritional status has been indicated as a pivotal factor mediating COVID-19 suscep-
tibility and severity [14,33–35]. Older people with underlying chronic comorbidities are
at high risk for malnutrition and, consequently, adverse clinical outcomes in COVID-19
infection [36]. The relationship between nutritional status and SARS-CoV-2 infection looks
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to be bidirectional (Figure 1). On the one hand, poor nutritional status can determine an
increased susceptibility and severity of the infection even in young persons, despite the
most vulnerable group remaining composed of older people [1]. In fact, both malnutrition
(i.e., undernutrition) and obesity have been associated with the worst outcomes in COVID-
19 patients [33,35–37]. In particular, in older people undernutrition could determine an
augmented susceptibility and severity of the infection since it is associated with defective
immune response, increased risk of infections, loss of muscle mass and strength, delayed
wound healing, and prolonged hospital stay [38–40]. On the opposite side, an obesity back-
ground could predispose to the most severe consequences of the disease through several
mechanisms including inflammation and decreased immune response to viral infections.
Obesity status is usually associated with type-2 diabetes, hypertension, and cardiovascular
disease, all of which have been indicated as predictive of poor outcomes in COVID-19
infection [41]. Additionally, a high expression of angiotensin-converting enzyme 2 (ACE2)
receptor, which is responsible for the SARS-CoV-2 virus entry in the organism, has been
largely found in the adipose tissue. This finding could probably explain the increased
susceptibility to the infection of those people exhibiting greater adiposity [42,43]. Obesity
is often overlooked in older people, and can present an excess of body fat, concomitant
to low muscle mass, even in the context of a normal/overweight body mass index (i.e.,
sarcopenic obesity) [44]. On the other hand, COVID-19 is associated with loss of taste and
smell and gastrointestinal alterations (i.e., nausea vomiting, diarrhea), characteristic of
the so-called “anorexia of aging”, contributing to a reduction in dietary intake [45]. Fur-
thermore, in older people, COVID-19 infection could predispose to myalgias and muscle
wasting through an increased inflammatory state and thus higher catabolism [45]. On the
other hand, COVID-19 through the alteration of nutritional status during early life may
negatively impact growth and development, the period in which each person builds up
its functional capacities. Therefore, following a life course approach, during this period
the attainment of the individual functional and structural reserve (especially in terms of
muscle mass and strength) should be maximized in order to minimize the rate of functional
decline during older life [46].
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Lockdown measures in many countries resulted in a change in healthy eating and
exercising. There has been an increase in the consumption of ultra-processed convenience
foods (characterized by high content of saturated fatty acids, sugar, and salt), meal fre-
quency, snacking, and alcohol intake parallel to the decrease in the consumption of fresh
and natural healthy food (i.e., fruit and vegetables) rich in vitamins and minerals, and in-
crease in sedentary behaviors (i.e., increased sitting times) [14,47]. These changes in health
behaviors have been exacerbated by the food price increase consequent to the disruption of
agricultural production, seasonal labor, and fuel price increases. The recent war in Ukraine
further augmented barriers to proper nutrition, including outside the war zone, creating
a global food crisis increasing the risks of famine and food insecurity [48]. In fact, many
population groups at risk of malnutrition have been severely affected by the joint effects
of conflicts, climate change, and the COVID-19 pandemic [48]. Food insecurity has been
associated with multimorbidity (i.e., the coexistence of two or more chronic diseases) in
older people, especially in low- and middle-income countries (LMICs) [49]. In turn, the
presence of multiple chronic conditions may lead to food insecurity, probably because of the
financial strain (i.e., expenditures for medication, rehabilitation, transportation), creating a
vicious circle [50,51]. The interruption of school meal programs further hampered proper
and healthy nutrition during early life, especially in those families with poor socioeconomic
status [52].

The problem of undernutrition (i.e., stunting, wasting, and underweight) has been
thus exacerbated by COVID-19 pandemic starting from early life [53], but which may have
intergenerational and long-term health consequences (i.e., altered body composition, poor
cognitive function, poor organ function, adult chronic diseases), especially in LMICs [54].
On the other hand, in Western developed countries, the COVID-19 pandemic is steadily
increasing the prevalence of overweight and obesity, which have been largely associated
with long-term risk of metabolic diseases (i.e., diabetes, hypertension, cardiovascular
diseases, cancer) [53,55–57].

Several micronutrients have been associated with poor outcomes during viral infec-
tions [58]. All the vitamins and minerals needed by people can be ensured by eating a
healthy and balanced diet. However, supplementation should be considered in those peo-
ple who are malnourished or at risk of deficiency [36]. Vitamin D, for example, is pivotal
for bone health, and low levels of vitamin D have been associated with multiple chronic
diseases [59] as well as reduced muscle mass [60]. Vitamin D (i.e., cholecalciferol) is mainly
synthesized in the skin after sun exposure. Indeed, during the various lockdowns, people
experienced less sun exposure, with a negative impact on vitamin D status [47,61].

Indeed, nutritional status needs to be strictly and routinely monitored at every change
in health status.

4. Vaccination and Immunity

Since the end of December 2020 when it started, COVID-19 vaccination is ongoing and,
in many countries, also involved children and adolescents. Vaccination priority has been
given to older adults and frail, polymorbid individuals, who represent the category at risk
of the most severe consequences of the disease. With aging, there is a progressive decline in
immune function (i.e., immunosenescence) which can be associated with a reduced ability
to respond to infections [62] and can limit the effectiveness of vaccinations [63]. However,
COVID-19 vaccines have been indicated as effective in reducing hospitalizations and
mortality in older people despite the need for booster doses to optimize response [62,64,65].
Accordingly, older people are among those who profited most from vaccination campaign
in terms of adverse outcomes. Children seem to develop less severe forms of the disease.
However, they can become infected and can potentially spread the virus through the
community, in particular to older persons [66]. Indeed, to limit community transmission of
the virus and to protect frail individuals, a massive vaccination campaign is ongoing, also
involving children and adolescents. Unfortunately, some individuals remain unvaccinated
and are those experiencing the worst outcomes including hospitalization, intensive care,
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mechanical ventilation, and death [67]. Additionally, SARS-CoV-2 variants characterized
by increased transmission capacity have emerged and raised concerns in the scientific
community, especially for a possible lower efficacy of vaccines against these new forms of
the virus. Recently, there has been a net decrease in the mean age of infected people that
can spread the virus to more vulnerable groups (i.e., older people with comorbidities) [68].
It has also been outlined that high vaccination coverage may not be sufficient to dampen
the spread of the virus, since low coverage in local groups can result in outbreaks [69,70].
Indeed, it is important to carry out vaccination campaigns with additional or booster doses,
starting from frail individuals but extending it to all population groups including children
and adolescents. On this note, supporting vaccination campaigns even in developing
countries would be equally important.

5. Demographic Projections and Frailty

Given the high mortality rates and the health-related negative effects of the pandemic,
it should be not overlooked that COVID-19 effects on demographic projections are yet
to be determined. A decline in the older population created by the excess deaths during
the COVID-19 pandemic has been seen [71]. Furthermore, the health disparity resulting
from a high prevalence of COVID-19 cases and death among ethnic minorities (e.g., Afro-
Americans), may be partially explained by the high prevalence of obesity and diabetes as
well as limited access to healthy food choices and to healthcare in these populations [72,73].
As mentioned above, the long-term consequences of the COVID-19 pandemic may neg-
atively impact the accumulation of the biological reserves of the individual across the
lifespan starting from early life. Indeed, in the coming years, we could see a high preva-
lence of pandemic-related negative conditions increasing the risk of frailty. Interventions
against frailty have long been recognized as an opportunity to re-organize the traditional
models of care in order to manage the multiple problems of older people [74]. In other
words, there is a need for multidimensional and interdisciplinary interventions targeted
at the functional capacities of the individual. In this context, the multidimensional ap-
proach of pediatric and geriatric specialties, encompassing the two extremes of life, can
be envisioned as a model to properly address the multi-system (long-lasting) problems
seen within the pandemic in a life course perspective. Integrating geroscience with life
course epidemiology can be envisioned as a promising perspective to capture dynamic
modifications of health trajectories.

6. Lifestyle Interventions

The COVID-19 pandemic is continuously posing a serious threat to the health of
everyone both directly and indirectly. The sequelae of COVID-19 depend on the exten-
sion and severity of the infection in the various organ systems [75]. Indeed, the term
“Long COVID” has been coined to define the persistence of symptoms and other medical
complications involving multiple organs and systems (i.e., respiratory, cardiovascular, neu-
rological, gastrointestinal, and musculoskeletal systems), which can last for several weeks
or months [76,77]. Indeed, there is a need for prompt and multidisciplinary interventions
to properly manage both the acute and the long-lasting effects of this pandemic. In both
cases, environmental changes play a pivotal role. According to experts’ recommendations,
nutritional assessment and management should be envisioned as an integral part of the
continuum of care for COVID-19 patients [36,75]. In other words, nutritional status needs
to be assessed in all infected patients, since poor nutrition has been associated with the
worst prognosis of the disease. Particular attention should be paid to older adults with
underlying comorbidities, who are those at higher risk for malnutrition and adverse clinical
outcomes [36]. It is noteworthy that nutritional needs are largely different at the two
extremes of life (i.e., early life and older life).

Following a life course approach, it is important to optimize nutrition starting from
early life. However, no specific guideline on nutritional recommendations for infected
children and adolescents has been released. During early life, dietary needs to prevent
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malnutrition are quite variable according to age, weight, and disease severity. Some
documents stressed the importance of breastfeeding during early life with a special focus
on COVID-19 infection since breastfeeding can protect against infections and respiratory
diseases. In fact, breast milk is a source of a range of antibodies, enzymes, and hormones
with a clear health benefit [78,79]. In particular, the World Health Organization stated
that women with COVID-19 can breastfeed [80,81]. The Centers for Disease Control and
Prevention (CDC) highlighted that despite COVID-19 not being detected in breast milk, it
is unknown if infected mothers can spread COVID-19 virus during breastfeeding. Indeed,
the CDC advised wearing a face mask and to wash hands before breastfeeding [82]. Other
recommendations include a reduction in the intake of salt, sugar, and in general ultra-
processed food rich in saturated fatty acids, as well as the strict monitoring of micronutrient
status (i.e., zinc and vitamins C, A, and D), especially for their contribution to immune
function [78]. For what concerns adults and especially older adults, it is important to ensure
adequate intake of energy and proteins because of increased catabolism. In particular,
the European Society for Clinical Nutrition and Metabolism (ESPEN) claimed that energy
needs could be evaluated through indirect calorimetry, if safely available (i.e., sterility
of the measurement system) [36]. However, indirect calorimetry is not available in most
settings. Indeed, ESPEN recommends assessing energy needs using alternative measures
(i.e., prediction equations or weight-based formulae) when it is not possible to use indirect
calorimetry. In particular, it is recommended to have an energy provision of 27–30 kcal/kg
of body weight/day for polymorbid patients aged >65 years according to nutritional status
physical activity level, disease, and preferences [36]. However, given the risk of refeeding
syndrome, the target of 30 kcal/kg of body weight/day should be slowly attained in
severely undernourished patients. In older adults, a protein intake of at least 1.0 g/kg of
body weight/day should be ensured, augmenting it to 1.2–1.5 g/kg of body weight/day in
the presence of acute or chronic diseases and reaching up to 2.0 g/kg of BW/day in the
presence of highly catabolic conditions. However, given that older people may present
several issues (i.e., early satiety, decreased appetite, delayed gastric emptying) that can
hamper the achievement of these nutritional goals, supplementation strategies should be
considered.

Beyond nutrition, it is pivotal to pay particular attention to physical activity. Prolonged
bed rest and immobilization due to hospitalization for COVID-19 infection is associated
with multi-system impairment (i.e., cognition, locomotion, vitality) and therefore functional
decline and adverse outcomes [83]. This functional decline, even if to a lesser extent, is seen
also in those people confined at home who may inevitably experience muscle and bone
decline, cognitive deterioration, decreased ability to resist viral infection as a consequence
of physical inactivity, unhealthy eating, and psycho–social factors (i.e., isolation, loneliness),
augmenting the risk for frailty [84].

Decreased physical activity during the various lockdowns has also been associated
with increased anxiety, mental health issues, and anergia (i.e., low energy levels) [85,86].
Indeed, it is pivotal to promote physical activity even with activities performed at home (i.e.,
home workouts, online exercise programs) in the case of lockdowns and confinement [85].
It is also important to reduce sitting times during confinement and smart working to
reduce a sedentary lifestyle. Physical activity, even if performed indoors, may be also
helpful in counteracting the psychological impact of this pandemic [15]. For what concerns
hospitalized patients, early mobilization strategies based on different movements (i.e., from
passive to resistive movements up to activities) should be implemented immediately after
clinical stabilization [87]. A supportive environment, both physical and social, is essential to
address older people’s unmet needs created by the current pandemic. Strategies addressing
food insecurity, such as food banks, should be largely implemented.

7. Conclusions and Future Perspectives

Clinicians must be prepared to deal with the high clinical complexity of people they
will encounter. Indeed, there is a need for a multidisciplinary and multidimensional
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approach to manage the complexity of the individuals burdened by the pandemic. In this
context, holistic processes, such as the comprehensive geriatric assessment (CGA) [88] used
in the geriatric setting to personalize interventions according to medical, psychological,
and functional problems, are also needed in other age groups. It is also important to
dynamically identify health tipping points across life and not at one point in time, in order
to prevent, at an early stage, long-term negative consequences. Chronological age must
no longer be used as a criterion to provide care for older people beyond this pandemic.
Proper lifestyle interventions, encompassing nutrition and physical activity and taking into
account social and psychological aspects, must be urgently prioritized.

Author Contributions: D.A. contributed to conceptualizing and writing the manuscript. G.C.I.S.,
A.M., C.A. and M.C. edited and revised manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: M.C. has received honoraria from Nestlé Health Science for presentations at
scientific meetings and being part of expert advisory boards. The other authors declare no conflict of
interest.

References
1. Chou, J.; Thomas, P.G.; Randolph, A.G. Immunology of SARS-CoV-2 infection in children. Nat. Immunol. 2022, 23, 177–185.

[CrossRef] [PubMed]
2. Wingert, A.; Pillay, J.; Gates, M.; Guitard, S.; Rahman, S.; Beck, A.; Vandermeer, B.; Hartling, L. Risk factors for severity of

COVID-19: A rapid review to inform vaccine prioritisation in Canada. BMJ Open 2021, 11, e044684. [CrossRef] [PubMed]
3. Hanson, M.A.; Cooper, C.; Sayer, A.A.; Eendebak, R.J.; Clough, G.F.; Beard, J.R. Developmental aspects of a life course approach

to healthy ageing. J. Physiol. 2016, 594, 2147–2160. [CrossRef] [PubMed]
4. Benner, A.D.; Mistry, R.S. Child Development During the COVID-19 Pandemic Through a Life Course Theory Lens. Child Dev.

Perspect. 2020, 14, 236–243. [CrossRef]
5. Lopez-Leon, S.; Wegman-Ostrosky, T.; del Valle, N.C.A.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S.

Long-COVID in children and adolescents: A systematic review and meta-analyses. Sci. Rep. 2022, 12, 1–12. [CrossRef]
6. Soto-Perez-de-Celis, E. Social Media, Ageism, and Older Adults during the COVID-19 Pandemic. EClinicalMedicine 2020, 29–30,

100634. Available online: https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30378-3/abstract (accessed on
16 June 2021). [CrossRef]

7. Chawla, N.; Tom, A.; Sen, M.S.; Sagar, R. Psychological Impact of COVID-19 on Children and Adolescents: A Systematic Review.
Indian J. Psychol. Med. 2021, 43, 294–299. [CrossRef]

8. Li, W.; Ornstein, K.A.; Li, Y.; Liu, B.; Ms, W.L.; Ornstein, M.K.A.; Liu, M.B. Barriers to learning a new technology to go online
among older adults during the COVID-19 pandemic. J. Am. Geriatr. Soc. 2021, 69, 3051–3057. [CrossRef]

9. Cesari, M.; Calvani, R.; Canevelli, M.; Aprahamian, I.; Barreto, P.D.S.; Azzolino, D.; Fielding, R.A.; Vanacore, N.; Inzitari, M.;
Marzetti, E. On Schrödinger’s Cat and Evaluation of Trials Disrupted by the COVID-19 Pandemic: A Critical Appraisal. J. Frailty
Aging 2021, 10, 310–312. [CrossRef]

10. Yamey, G.; Garcia, P.; Hassan, F.; Mao, W.; McDade, K.K.; Pai, M.; Saha, S.; Schellekens, P.; Taylor, A.; Udayakumar, K. It is not too
late to achieve global covid-19 vaccine equity. BMJ 2022, 376, e070650. [CrossRef]

11. Vaccine Equity. Available online: https://www.who.int/campaigns/vaccine-equity (accessed on 20 September 2022).
12. Bueno-Guerra, N. COVID-19 and Psychological Impact. Encyclopedia 2022, 2, 400–408. [CrossRef]
13. Akseer, N.; Kandru, G.; Keats, E.C.; A Bhutta, Z. COVID-19 pandemic and mitigation strategies: Implications for maternal and

child health and nutrition. Am. J. Clin. Nutr. 2020, 112, 251–256. [CrossRef]
14. Visser, M.; Schaap, L.A.; Wijnhoven, H.A.H. Self-Reported Impact of the COVID-19 Pandemic on Nutrition and Physical Activity

Behaviour in Dutch Older Adults Living Independently. Nutrients 2020, 12, 3708. [CrossRef]
15. Dubey, S.; Biswas, P.; Ghosh, R.; Chatterjee, S.; Dubey, M.J.; Chatterjee, S.; Lahiri, D.; Lavie, C.J. Psychosocial impact of COVID-19.

Diabetes Metab. Syndr. Clin. Res. Rev. 2020, 14, 779–788. [CrossRef]
16. Wong, E.K.-C.; Watt, J.; Zou, H.; Chandraraj, A.; Zhang, A.W.; Brookes, J.; Verduyn, A.; Berall, A.; Norman, R.; Piggott, K.L.; et al.

Characteristics, treatment and delirium incidence of older adults hospitalized with COVID-19: A multicentre retrospective cohort
study. CMAJ Open 2022, 10, E692–E701. [CrossRef]

http://doi.org/10.1038/s41590-021-01123-9
http://www.ncbi.nlm.nih.gov/pubmed/35105983
http://doi.org/10.1136/bmjopen-2020-044684
http://www.ncbi.nlm.nih.gov/pubmed/33986052
http://doi.org/10.1113/JP270579
http://www.ncbi.nlm.nih.gov/pubmed/26518329
http://doi.org/10.1111/cdep.12387
http://doi.org/10.1038/s41598-022-13495-5
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30378-3/abstract
http://doi.org/10.1016/j.eclinm.2020.100634
http://doi.org/10.1177/02537176211021789
http://doi.org/10.1111/jgs.17433
http://doi.org/10.14283/jfa.2021.23
http://doi.org/10.1136/bmj-2022-070650
https://www.who.int/campaigns/vaccine-equity
http://doi.org/10.3390/encyclopedia2010024
http://doi.org/10.1093/ajcn/nqaa171
http://doi.org/10.3390/nu12123708
http://doi.org/10.1016/j.dsx.2020.05.035
http://doi.org/10.9778/cmajo.20210176


Geriatrics 2022, 7, 116 9 of 11

17. Berg, S.K.; Palm, P.; Nygaard, U.; Bundgaard, H.; Petersen, M.N.S.; Rosenkilde, S.; Thorsted, A.B.; Ersbøll, A.K.; Thygesen,
L.C.; Nielsen, S.D.; et al. Long COVID Symptoms in SARS-CoV-2-Positive Children Aged 0–14 Years and Matched Controls in
Denmark (LongCOVIDKidsDK): A National, Cross-Sectional Study. Lancet Child Adolesc. Health 2022, 6, 614–623. Available online:
https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(22)00154-7/fulltext (accessed on 28 June 2022). [CrossRef]

18. Molteni, E.; Absoud, M.; Duncan, E.L. Assessing the impact of the pandemic in children and adolescents: SARS-CoV-2 infection
and beyond. Lancet Child Adolesc. Health 2022, 6, 216–217. [CrossRef]

19. Yunus, R.M.; Abdullah, N.N.; Firdaus, M.A.M. Elder abuse and neglect in the midst of COVID-19. J. Glob. Health 2021, 11, 03122.
[CrossRef]

20. Cardenas, M.C.; Bustos, S.S.; Chakraborty, R. A ‘parallel pandemic’: The psychosocial burden of COVID-19 in children and
ado-lescents. Acta Paediatr. 2020, 109, 2187–2188. [CrossRef]

21. Ben-Shlomo, Y.; Cooper, R.; Kuh, D. The last two decades of life course epidemiology, and its relevance for research on ageing.
Int. J. Epidemiol. 2016, 45, 973–988. [CrossRef]

22. Ferrucci, L.; Cooper, R.; Shardell, M.; Simonsick, E.M.; Schrack, J.A.; Kuh, D. Age-Related Change in Mobility: Perspectives From
Life Course Epidemiology and Geroscience. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2016, 71, 1184–1194. [CrossRef] [PubMed]

23. Kuruvilla, S.; Sadana, R.; Montesinos, E.V.; Beard, J.; Vasdeki, J.F.; De Carvalho, I.A.; Thomas, R.B.; Drisse, M.-N.B.; Daelmans, B.;
Goodman, T.; et al. A life-course approach to health: Synergy with sustainable development goals. Bull. World Health Organ. 2017,
96, 42–50. [CrossRef] [PubMed]

24. Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.; Cooper,
C.; et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 2020, 396, 413–446. [CrossRef]

25. Swan, L.; Warters, A.; O’Sullivan, M. Socioeconomic Disadvantage is Associated with Probable Sarcopenia in Community-
Dwelling Older Adults: Findings from the English Longitudinal Study of Ageing. J. Frailty Aging 2022, 1–9. [CrossRef]

26. World Health Organization, Regional Office for Europe. Pandemic Fatigue: Reinvigorating the Public to Prevent COVID-19:
Policy Considerations for MEMBER States in the WHO European Region. 2020. Report No.: WHO/EURO:2020-1160-40906-55390.
Available online: https://apps.who.int/iris/handle/10665/335820 (accessed on 19 May 2022).

27. Rudroff, T.; Fietsam, A.C.; Deters, J.R.; Bryant, A.D.; Kamholz, J. Post-COVID-19 Fatigue: Potential Contributing Factors. Brain
Sci. 2020, 10, 1012. [CrossRef]

28. Carfì, A.; Bernabei, R.; Landi, F. Gemelli Against COVID-19 Post-Acute Care Study Group. Persistent Symptoms in Patients after
Acute COVID-19. JAMA 2020, 324, 603–605. [CrossRef]

29. Azzolino, D.; Cesari, M. Fatigue in the COVID-19 pandemic. Lancet Health Longev. 2022, 3, e128–e129. [CrossRef]
30. Cesari, M.; Cherubini, A.; Guralnik, J.M.; Beresniak, A.; Rodriguez-Mañas, L.; Inzitari, M.; Walston, J. Early detection of

accelerated aging and cellular decline (AACD): A consensus statement. Exp. Gerontol. 2021, 146, 111242. [CrossRef]
31. Azzolino, D.; Junior, H.J.C.; Proietti, M.; Manzini, V.M.; Cesari, M. Fatigue in older persons: The role of nutrition. Proc. Nutr. Soc.

2022, 1–18. [CrossRef]
32. Zengarini, E.; Ruggiero, C.; Pérez-Zepeda, M.U.; Hoogendijk, E.O.; Vellas, B.; Mecocci, P.; Cesari, M. Fatigue: Relevance and

implications in the aging population. Exp. Gerontol. 2015, 70, 78–83. [CrossRef]
33. Abate, S.M.; Chekole, Y.A.; Estifanos, M.B.; Abate, K.H.; Kabthymer, R.H. Prevalence and outcomes of malnutrition among

hospi-talized COVID-19 patients: A systematic review and meta-analysis. Clin. Nutr. ESPEN 2021, 43, 174–183. [CrossRef]
34. Bedock, D.; Lassen, P.B.; Mathian, A.; Moreau, P.; Couffignal, J.; Ciangura, C.; Poitou-Bernert, C.; Jeannin, A.-C.; Mosbah, H.;

Fadlallah, J.; et al. Prevalence and severity of malnutrition in hospitalized COVID-19 patients. Clin. Nutr. ESPEN 2020, 40,
214–219. [CrossRef]

35. Spolidoro, G.; Azzolino, D.; Shamir, R.; Cesari, M.; Agostoni, C. Joint Effort towards Preventing Nutritional Deficiencies at the
Extremes of Life during COVID-19. Nutrients 2021, 13, 1616. [CrossRef]

36. Barazzoni, R.; Bischoff, S.C.; Breda, J.; Wickramasinghe, K.; Krznaric, Z.; Nitzan, D.; Matthias, P.; Pierre, S. ESPEN expert
statements and practical guidance for nutritional management of individuals with SARS-CoV-2 infection. Clin. Nutr. 2020, 39,
1631–1638. [CrossRef]

37. Azzolino, D.; Passarelli, P.C.; D’Addona, A.; Cesari, M. Nutritional strategies for the rehabilitation of COVID-19 patients. Eur. J.
Clin. Nutr. 2020, 75, 728–730. [CrossRef]

38. Kurtz, A.; Grant, K.; Marano, R.; Arrieta, A.; Feaster, W.; Steele, C.; Ehwerhemuepha, L. Long-term effects of malnutrition on
severity of COVID-19. Sci. Rep. 2021, 11, 14974. [CrossRef]

39. Neloska, L.; Damevska, K.; Nikolchev, A.; Pavleska, L.; Petreska-Zovic, B.; Kostov, M. The Association between Malnutrition and
Pressure Ulcers in Elderly in Long-Term Care Facility. Open Access Maced. J. Med. Sci. 2016, 4, 423–427. [CrossRef]

40. Volkert, D.; Beck, A.M.; Cederholm, T.; Cereda, E.; Cruz-Jentoft, A.; Goisser, S.; de Groot, L.; Großhauser, F.; Kiesswetter, E.;
Norman, K.; et al. Management of Malnutrition in Older Pa-tients—Current Approaches, Evidence and Open Questions. J. Clin.
Med. 2019, 8, 974. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6678789/ (accessed on 20 January 2021).

41. Bornstein, S.R.; Dalan, R.; Hopkins, D.; Mingrone, G.; Boehm, B.O. Endocrine and metabolic link to coronavirus infection. Nat.
Rev. Endocrinol. 2020, 16, 297–298. [CrossRef]

42. Li, M.Y.; Li, L.; Zhang, Y.; Wang, X.S. Expression of the SARS-CoV-2 cell receptor gene ACE2 in a wide variety of human tissues.
Infect. Dis. Poverty 2020, 9, 45. [CrossRef]

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(22)00154-7/fulltext
http://doi.org/10.1016/S2352-4642(22)00154-7
http://doi.org/10.1016/S2352-4642(22)00035-9
http://doi.org/10.7189/jogh.11.03122
http://doi.org/10.1111/apa.15536
http://doi.org/10.1093/ije/dyw096
http://doi.org/10.1093/gerona/glw043
http://www.ncbi.nlm.nih.gov/pubmed/26975983
http://doi.org/10.2471/BLT.17.198358
http://www.ncbi.nlm.nih.gov/pubmed/29403099
http://doi.org/10.1016/S0140-6736(20)30367-6
http://doi.org/10.14283/jfa.2022.32
https://apps.who.int/iris/handle/10665/335820
http://doi.org/10.3390/brainsci10121012
http://doi.org/10.1001/jama.2020.12603
http://doi.org/10.1016/S2666-7568(22)00029-0
http://doi.org/10.1016/j.exger.2021.111242
http://doi.org/10.1017/S0029665122002683
http://doi.org/10.1016/j.exger.2015.07.011
http://doi.org/10.1016/j.clnesp.2021.03.002
http://doi.org/10.1016/j.clnesp.2020.09.018
http://doi.org/10.3390/nu13051616
http://doi.org/10.1016/j.clnu.2020.03.022
http://doi.org/10.1038/s41430-020-00795-0
http://doi.org/10.1038/s41598-021-94138-z
http://doi.org/10.3889/oamjms.2016.094
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6678789/
http://doi.org/10.1038/s41574-020-0353-9
http://doi.org/10.1186/s40249-020-00662-x


Geriatrics 2022, 7, 116 10 of 11

43. Al-Benna, S. Association of high level gene expression of ACE2 in adipose tissue with mortality of COVID-19 infection in obese
patients. Obes. Med. 2020, 19, 100283. [CrossRef]

44. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef]
45. Morley, J.E.; Kalantar-Zadeh, K.; Anker, S.D. COVID-19: A major cause of cachexia and sarcopenia? J. Cachexia Sarcopenia Muscle

2020, 11, 863–865. [CrossRef] [PubMed]
46. Kuh, D.; Karunananthan, S.; Bergman, H.; Cooper, R. A life-course approach to healthy ageing: Maintaining physical capability.

Proc. Nutr. Soc. 2014, 73, 237–248. [CrossRef] [PubMed]
47. Kirwan, R.; McCullough, D.; Butler, T.; Perez de Heredia, F.; Davies, I.G.; Stewart, C. Sarcopenia during COVID-19 lockdown

re-strictions: Long-term health effects of short-term muscle loss. GeroScience. 2020, 42, 1547–1578. [CrossRef]
48. Osendarp, S.; Verburg, G.; Bhutta, Z.; Black, R.E.; de Pee, S.; Fabrizio, C.; Headey, D.; Heidkamp, R.; Laborde, D.; Ruel, M.T. Act

now before Ukraine war plunges millions into malnutrition. Nature 2022, 604, 620–624. [CrossRef]
49. Smith, L.; Shin, J.I.; Jacob, L.; Sánchez, G.F.L.; Schuch, F.; Tully, M.A.; Oh, H.; Veronese, N.; Soysal, P.; Butler, L.; et al. Food

insecurity and physical multimorbidity among adults aged ≥50 years from six low- and middle-income countries. Eur. J. Nutr.
2022, 1–9. [CrossRef]

50. Tarasuk, V.; Mitchell, A.; McLaren, L.; McIntyre, L. Chronic Physical and Mental Health Conditions among Adults May Increase
Vulnerability to Household Food Insecurity. J. Nutr. 2013, 143, 1785–1793. [CrossRef]

51. Jih, J.; Stijacic-Cenzer, I.; Seligman, H.K.; Boscardin, W.J.; Nguyen, T.T.; Ritchie, C.S. Chronic disease burden predicts food
insecurity among older adults. Public Health Nutr. 2018, 21, 1737–1742. [CrossRef]

52. James, P.T.; Ali, Z.; Armitage, A.E.; Bonell, A.; Cerami, C.; Drakesmith, H.; Jobe, M.; Jones, K.S.; Liew, Z.; Moore, S.E.; et al.
The Role of Nutrition in COVID-19 Susceptibility and Severity of Disease: A Systematic Review. J. Nutr. 2021, 151, 1854–1878.
[CrossRef]

53. Ntambara, J.; Chu, M. The risk to child nutrition during and after COVID-19 pandemic: What to expect and how to respond.
Public Health Nutr. 2021, 24, 3530–3536. [CrossRef]

54. Wells, J.C.; Sawaya, A.L.; Wibaek, R.; Mwangome, M.; Poullas, M.S.; Yajnik, C.S.; Demaio, A. The double burden of malnutrition:
Aetiological pathways and consequences for health. Lancet 2019, 395, 75–88. [CrossRef]

55. Biro, F.M.; Wien, M. Childhood obesity and adult morbidities. Am. J. Clin. Nutr. 2010, 91, 1499S–1505S. [CrossRef]
56. Sahoo, K.; Sahoo, B.; Choudhury, A.K.; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes and consequences. J. Fam.

Med. Prim. Care 2015, 4, 187–192. [CrossRef]
57. Reilly, J.J.; Kelly, J. Long-term impact of overweight and obesity in childhood and adolescence on morbidity and premature

mortality in adulthood: Systematic review. Int. J. Obes. 2011, 35, 891–898. [CrossRef]
58. Semba, R.D.; Tang, A.M. Micronutrients and the pathogenesis of human immunodeficiency virus infection. Br. J. Nutr. 1999, 81,

181–189. [CrossRef]
59. Wang, H.; Chen, W.; Li, D.; Yin, X.; Zhang, X.; Olsen, N.; Zheng, S.G. Vitamin D and Chronic Diseases. Aging Dis. 2017, 8, 346–353.

[CrossRef]
60. Luo, J.; Quan, Z.; Lin, S.; Cui, L. The association between blood concentration of 25- hydroxyvitamin D and sarcopenia: A

me-ta-analysis. Asia Pac. J. Clin. Nutr. 2018, 27, 1258–1270.
61. van Schoor, N.; Lips, P. Global Overview of Vitamin D Status. Endocrinol. Metab. Clin. N. Am. 2017, 46, 845–870. [CrossRef]
62. Hägg, S.; Religa, D. COVID vaccination in older adults. Nat. Microbiol. 2022, 7, 1106–1107. [CrossRef]
63. Cox, L.S.; Bellantuono, I.; Lord, J.M.; Sapey, E.; Mannick, J.B.; Partridge, L.; Gordon, A.L.; Steves, C.J.; Witham, M.D. Tackling

immunosenescence to improve COVID-19 outcomes and vaccine response in older adults. Lancet Health Longev. 2020, 1, e55–e57.
[CrossRef]

64. Arregocés-Castillo, L.; Fernández-Niño, J.; Rojas-Botero, M.; Palacios-Clavijo, A.; Galvis-Pedraza, M.; Rincón-Medrano, L.; Pinto-
Álvarez, M.; Ruiz-Gómez, F.; Trejo-Valdivia, B. Effectiveness of COVID-19 vaccines in older adults in Colombia: A retrospective,
population-based study of the ESPERANZA cohort. Lancet Health Longev. 2022, 3, e242–e252. [CrossRef]

65. Tut, G.; Lancaster, T.; Sylla, P.; Butler, M.S.; Kaur, N.; Spalkova, E.; Bentley, C.; Amin, U.; Jadir, A.; Hulme, S.; et al. Antibody and
cellular immune responses following dual COVID-19 vaccination within infection-naive residents of long-term care facilities: An
observational cohort study. Lancet Health Longev. 2022, 3, e461–e469. [CrossRef]

66. Zimet, G.D.; Silverman, R.D.; Fortenberry, J.D. Coronavirus Disease 2019 and Vaccination of Children and Adolescents: Prospects
and Challenges. J. Pediatr. 2020, 231, 254–258. [CrossRef]

67. Danza, P.; Koo, T.H.; Haddix, M.; Fisher, R.; Traub, E.; OYong, K.; Balter, S. SARS-CoV-2 Infection and Hospitalization Among
Adults Aged ≥18 Years, by Vaccination Status, Before and During SARS-CoV-2 B.1.1.529 (Omicron) Variant Predominance—Los
Angeles County, California, 7 November 2021–8 January 2022. Morb. Mortal. Wkly. Rep. 2022, 71, 177–181. [CrossRef]

68. Venkatesan, P. The changing demographics of COVID-Lancet. Respir. Med. 2020, 8, e95. [CrossRef]
69. Enhancing Public Trust in COVID-19 Vaccination: The Role of Governments. May 2021. OECD Policy Responses to Coronavirus

(COVID-19). Available online: https://www.oecd-ilibrary.org/social-issues-migration-health/enhancing-public-trust-in-covid-
19-vaccination-the-role-of-governments_eae0ec5a-en (accessed on 27 May 2022).

70. Access to COVID-19 Vaccines: Global Approaches in a Global Crisis. March 2021. OECD Policy Responses to Coronavirus
(COVID-19). Available online: https://www.oecd-ilibrary.org/social-issues-migration-health/access-to-covid-19-vaccines-
global-approaches-in-a-global-crisis_c6a18370-en (accessed on 27 May 2022).

http://doi.org/10.1016/j.obmed.2020.100283
http://doi.org/10.1016/S0140-6736(19)31138-9
http://doi.org/10.1002/jcsm.12589
http://www.ncbi.nlm.nih.gov/pubmed/32519505
http://doi.org/10.1017/S0029665113003923
http://www.ncbi.nlm.nih.gov/pubmed/24456831
http://doi.org/10.1007/s11357-020-00272-3
http://doi.org/10.1038/d41586-022-01076-5
http://doi.org/10.1007/s00394-022-02999-5
http://doi.org/10.3945/jn.113.178483
http://doi.org/10.1017/S1368980017004062
http://doi.org/10.1093/jn/nxab059
http://doi.org/10.1017/S1368980021001610
http://doi.org/10.1016/S0140-6736(19)32472-9
http://doi.org/10.3945/ajcn.2010.28701B
http://doi.org/10.4103/2249-4863.154628
http://doi.org/10.1038/ijo.2010.222
http://doi.org/10.1017/S0007114599000379
http://doi.org/10.14336/AD.2016.1021
http://doi.org/10.1016/j.ecl.2017.07.002
http://doi.org/10.1038/s41564-022-01166-0
http://doi.org/10.1016/S2666-7568(20)30011-8
http://doi.org/10.1016/S2666-7568(22)00035-6
http://doi.org/10.1016/S2666-7568(22)00118-0
http://doi.org/10.1016/j.jpeds.2020.11.002
http://doi.org/10.15585/mmwr.mm7105e1
http://doi.org/10.1016/s2213-2600(20)30461-6
https://www.oecd-ilibrary.org/social-issues-migration-health/enhancing-public-trust-in-covid-19-vaccination-the-role-of-governments_eae0ec5a-en
https://www.oecd-ilibrary.org/social-issues-migration-health/enhancing-public-trust-in-covid-19-vaccination-the-role-of-governments_eae0ec5a-en
https://www.oecd-ilibrary.org/social-issues-migration-health/access-to-covid-19-vaccines-global-approaches-in-a-global-crisis_c6a18370-en
https://www.oecd-ilibrary.org/social-issues-migration-health/access-to-covid-19-vaccines-global-approaches-in-a-global-crisis_c6a18370-en


Geriatrics 2022, 7, 116 11 of 11

71. Shiels, M.S.; Almeida, J.S.; García-Closas, M.; Albert, P.S.; Freedman, N.D.; de González, A.B. Impact of Population Growth and
Aging on Estimates of Excess U.S. Deaths During the COVID-19 Pandemic, March to August 2020. Ann. Intern. Med. 2021, 174,
437–443. [CrossRef]

72. Butler, M.J.; Barrientos, R.M. The impact of nutrition on COVID-19 susceptibility and long-term consequences. Brain Behav.
Immun. 2020, 87, 53–54. [CrossRef]

73. Vasquez Reyes, M. The Disproportional Impact of COVID-19 on African Americans. Health Hum. Rights 2020, 22, 299–307.
74. Cesari, M.; For the SPRINTT consortium; Marzetti, E.; Calvani, R.; Vellas, B.; Bernabei, R.; Bordes, P.; Roubenoff, R.; Landi, F.;

Cherubini, A. The need of operational paradigms for frailty in older persons: The SPRINTT project. Aging Clin. Exp. Res. 2017, 29,
3–10. [CrossRef]

75. Gemelli against COVID-19 Post-Acute Care Study Group. Post-COVID-19 global health strategies: The need for an interdisci-
plinary approach. Aging Clin. Exp. Res. 2020, 32, 1613–1620. [CrossRef]

76. Crook, H.; Raza, S.; Nowell, J.; Young, M.; Edison, P. Long covid-mechanisms, risk factors, and management. BMJ. 2021, 374,
n1648. [CrossRef] [PubMed]

77. Lopez-Leon, S.; Wegman-Ostrosky, T.; Perelman, C.; Sepulveda, R.; Rebolledo, P.A.; Cuapio, A.; Villapol, S. More than 50
long-term effects of COVID-19: A systematic review and meta-analysis. Sci. Rep. 2021, 11, 1–12. [CrossRef] [PubMed]

78. de Faria Coelho-Ravagnani, C.; Corgosinho, F.C.; Sanches, F.L.F.Z.; Prado, C.M.M.; Laviano, A.; Mota, J.F. Dietary recommenda-
tions during the COVID-19 pandemic. Nutr. Rev. 2021, 79, 382–393. [CrossRef] [PubMed]

79. Hoddinott, P.; Tappin, D.; Wright, C. Breast feeding. BMJ 2008, 336, 881–887. [CrossRef] [PubMed]
80. Nutrition. Nutrition Advice for Adults during the COVID-19 Outbreak. World Health Organization—Regional Office for the Eastern

Mediterranean. Available online: http://www.emro.who.int/nutrition/news/nutrition-advice-for-adults-during-the-covid-19
-outbreak.html (accessed on 26 May 2022).

81. Coronavirus Disease (COVID-19): Pregnancy, Childbirth and the Postnatal Period. Available online: https://www.who.int/
news-room/questions-and-answers/item/coronavirus-disease-covid-19-pregnancy-and-childbirth (accessed on 26 May 2022).

82. CDC. Coronavirus Disease (COVID-19) and Breastfeeding. In Centers for Disease Control and Prevention; 2021. Available on-
line: https://www.cdc.gov/breastfeeding/breastfeeding-special-circumstances/maternal-or-infant-illnesses/covid-19-and-
breastfeeding.html (accessed on 26 May 2022).

83. Plapler, P.G.; de Souza, D.R.; Kaziyama, H.H.S.; Battistella, L.R.; de Barros-Filho, T.E.P. Relationship between the coronavirus
disease 2019 pandemic and immobilization syndrome. Clinics 2021, 76, e2652. [CrossRef] [PubMed]

84. Woods, J.A.; Hutchinson, N.T.; Powers, S.K.; Roberts, W.O.; Gomez-Cabrera, M.C.; Radak, Z.; Berkes, I.; Boros, A.; Boldogh,
I.; Leeuwenburgh, C.; et al. The COVID-19 pandemic and physical activity. Sports Med. Health Sci. 2020, 2, 55–64. [CrossRef]
[PubMed]

85. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef] [PubMed]

86. Di Corrado, D.; Magnano, P.; Muzii, B.; Coco, M.; Guarnera, M.; De Lucia, S.; Maldonato, N.M. Effects of social distancing on
psychological state and physical activity routines during the COVID-19 pandemic. Sport Sci. Health 2020, 16, 619–624. [CrossRef]

87. Wittmer, V.L.; Paro, F.M.; Duarte, H.; Capellini, V.K.; Barbalho-Moulim, M.C. Early mobilization and physical exercise in patients
with COVID-19: A narrative literature review. Complement. Ther. Clin. Pract. 2021, 43, 101364. [CrossRef]

88. Ellis, G.; Gardner, M.; Tsiachristas, A.; Langhorne, P.; Burke, O.; Harwood, R.H.; Conroy, S.P.; Kircher, T.; Somme, D.; Saltvedt, I.;
et al. Comprehensive geriatric assessment for older adults admitted to hospital. Cochrane Database Syst. Rev. 2017, 2017, CD006211.
[CrossRef]

http://doi.org/10.7326/M20-7385
http://doi.org/10.1016/j.bbi.2020.04.040
http://doi.org/10.1007/s40520-016-0712-5
http://doi.org/10.1007/s40520-020-01616-x
http://doi.org/10.1136/bmj.n1648
http://www.ncbi.nlm.nih.gov/pubmed/34312178
http://doi.org/10.1038/s41598-021-95565-8
http://www.ncbi.nlm.nih.gov/pubmed/34373540
http://doi.org/10.1093/nutrit/nuaa067
http://www.ncbi.nlm.nih.gov/pubmed/32653930
http://doi.org/10.1136/bmj.39521.566296.BE
http://www.ncbi.nlm.nih.gov/pubmed/18420694
http://www.emro.who.int/nutrition/news/nutrition-advice-for-adults-during-the-covid-19-outbreak.html
http://www.emro.who.int/nutrition/news/nutrition-advice-for-adults-during-the-covid-19-outbreak.html
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-covid-19-pregnancy-and-childbirth
https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-covid-19-pregnancy-and-childbirth
https://www.cdc.gov/breastfeeding/breastfeeding-special-circumstances/maternal-or-infant-illnesses/covid-19-and-breastfeeding.html
https://www.cdc.gov/breastfeeding/breastfeeding-special-circumstances/maternal-or-infant-illnesses/covid-19-and-breastfeeding.html
http://doi.org/10.6061/clinics/2021/e2652
http://www.ncbi.nlm.nih.gov/pubmed/33567050
http://doi.org/10.1016/j.smhs.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/34189484
http://doi.org/10.1136/bmjsem-2020-000960
http://www.ncbi.nlm.nih.gov/pubmed/34192010
http://doi.org/10.1007/s11332-020-00697-5
http://doi.org/10.1016/j.ctcp.2021.101364
http://doi.org/10.1002/14651858.CD006211.pub3

	Introduction 
	Psycho–Social Impact 
	Impact on Nutritional Status 
	Vaccination and Immunity 
	Demographic Projections and Frailty 
	Lifestyle Interventions 
	Conclusions and Future Perspectives 
	References

