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Abstract

As humans age, their immune system undergoes modifications,
including a low-grade inflammatory status called inflammaging. These
changes are associated with a loss of physical and immune resilience,
amplifying the risk of being malnourished and frail. Under the
COVID-19 scenario, inflammaging increases the susceptibility to poor
prognostics. We aimed to bring the current concepts of inflammaging
and its relationship with frailty and COVID-19 prognostic; highlight
the importance of evaluating the nutritional risk together with frailty
aiming to monitor older adults in COVID-19 scenario; explore some
compounds with potential to modulate inflammaging in perspective
to manage the COVID-19 infection. Substances such as probiotics
and senolytics can help reduce the high inflammatory status. Also,
the periodic evaluation of nutrition risk and frailty will allow
interventions, assuring the appropriate care.
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senolytics.

Introduction

oronavirus disease-19 (COVID-19), caused

by Coronavirus 2 (SARS-CoV-2), has infected

219,893,295 persons worldwide by September 2nd,
2021, leading to 4,555,500 deaths (https://www.worldometers.
info/coronavirus). The most remarkable difference between the
SARS-CoV-2 and other SARS strains previously identified is
its greater transmissibility and higher morbidity and mortality
(1).

Despite the high transmissibility, most infected individuals
remain asymptomatic (2) or present mild symptoms; a
minor percentage present severe or critical manifestations
(2, 3). The patient’s global health status worsens in severe
and critical manifestations. A dysfunctional systemic immune
response occurs; this condition is frequently associated with
a cytokine storm induced by SARS-CoV-2 (4). In addition,
after hospital discharge, about 10% of the patients cannot
return to the general health status they had before hospital
admission or develop new clinical manifestations (5). These
late manifestations have been called post-COVID-19 syndrome,
and patients may present neurological, cardiovascular, and
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musculoskeletal disorders, burdening the functional status
(6, 7). Several risk factors were implicated with the higher
morbidity and mortality associated with COVID-19, such
as higher age, obesity, diabetes, hypertension, coagulation
dysfunctions, and inflammation disorders; organ damage
involving the heart, liver, and kidneys are more associated with
death (8).

The systemic inflammatory picture is a fundamental
contributor to most adverse outcomes in COVID-19 (4). In
this context, older adults, especially those with comorbidities
and above 85 years old, generally present a higher peak of viral
load and mortality than younger ones. Besides, the response
to vaccination is usually reduced in older adults (9, 10). Aging
and inflammation are intimately connected. Besides a higher
burden of comorbidities, older adults present a typical picture
of low-grade systemic inflammation (LGSI). This condition,
also called inflammaging (11), seems to constitute an immune
system dysregulation, possibly due to a loss of resilience to
different stressors throughout life (11). Inflammaging has been
considered an explanation to various geriatric syndromes,
including frailty. Frailty, in turn, is conceived as a biological
syndrome characterized by a decrease in the physiological
reserve to respond to stressors due to the progressive failure of
multiple organ systems necessary to maintain homeostasis (12).
Notably, the brain, the endocrine and the immune systems, and
the nutritional status are critical components involved in this
process, culminating in disability and mortality (13).

Taking into account the simultaneous conditions of COVID-
19 infection, inflammaging, and frailty, we aimed to: (i) bring
the current concepts of inflammaging and its relationship with
frailty and COVID-19 prognostic; (ii) highlight the importance
of evaluating the nutritional risk together with frailty aiming to
follow older adults in COVID-19 scenario, and; (iii) explore
some compounds with potential to modulate inflammaging in
perspective to manage the COVID-19 infection.

Inflammaging and frailty as risk factors to
adverse outcomes

During the life span, the human being must deal with
different stressors such as environmental (i.e., radiation, air



pollution), biologics (i.e., microorganisms), or psychological.
The coexistence with these stressors demands adaptation,
remodeling, or regeneration capacity. It should involve bodily
responses such as antioxidants, apoptosis, phagocytosis, as well
as inflammatory, neuroendocrine, and behavioral mechanisms
(11).

Therefore, in the life course towards aging, damages
accumulate, culminating in loss of resilience. This statement
is coherent with the vicious frailty cycle proposed by Fried &
Watson (13), where the immune system assumes an important
role (14, 15). Antigenic stimulus throughout life can lead to
an imbalance in the immune system and consequent low-
grade systemic inflammation (inflammaging), which have been
associated with many age-related conditions and diseases (11),
including frailty.

Different models have been adopted to conceptualize frailty
(12, 16). Despite their differences, all the models are associated
with adverse outcomes such as disability, falls, hospitalization,
and death (12). These concepts align with the modern
geroscience theory of aging underpinned by mechanisms that
stand out the LGSI and immune dysfunction (17). Therefore,
frailty can be seen as a clinical measure of the degree of
accelerated aging and inflammaging as a downstream pathway
of this process.

Contributors to inflammaging: cell senescence and
molecular damage patterns

Besides inflammaging, aging is featured by many other
biological processes, for instance, cellular senescence. Cell
senescence is characterized by a permanent growth-arrested
stage; senescent cells are featured by resistance to apoptosis
(18) and increased metabolic activity (19). Some hallmarks
of senescent cells have been identified, including different
factors of tissue damage, altered stem and progenitor cells,
hemostasis, altered growth factors, and increased secretion
of inflammatory cytokines and chemokines (i.e., IL-6, IL-8,
monocyte chemoattractant protein-1, and plasminogen-activated
inhibitor-1). Along with these hallmarks, the cells acquire the
so-called senescence-associated secretory phenotype (SASP),
typically with inflammatory features (20).

Another characteristic of the aging phenotype is the reduced
capacity of cell machinery to recognize, metabolize or eliminate
damage patterns derived from oxidative stress, inflammation,
autophagy, and aged stem cells (21). These patterns can be
apoptotic cells, antigenic molecules and organelles, metabolites,
cell debris, and reactive species (22). These patterns,
defined as damage-associated molecular patterns (DAMPs),
are recognized by immune cells, resulting in activation of
inflammasomes (18) and consequent secretion of cytokines
(ie., II-1a IL-1P, IL-6, IL-8, and IL-18) (23, 24). Franceschi et
al. (24) named these DAMPs as self-damage signals. Therefore,
cell senescence and DAMPs generation are interrelated (25, 26).
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Contributors to inflammaging: the gut

The gut microbiota has a crucial role in inflammaging.
It can release inflammatory products, which Franceschi
et al. (24) named quasi-self-damage signals. Many aging-
related factors can modify the gut microbiota, favoring the
growth of pathogenic bacteria (i.e., Fusobacteria, Clostridia,
Eubacteria) (27) and the reduction of some beneficial bacteria
(i.e., Firmicutes, Bacteroides, and Bifidobacterium). These
beneficial bacteria are featured by the ability to ferment
polysaccharides and originate short-chain fatty acids (SCFA)
(28, 29). The SCFAs, besides several metabolic functions, have
fundamental immunological roles: (i) are the primary energy
substrate to gut epithelial cells (29); (ii) regulate the secretion
of cytokines and chemokines and are capable of inhibiting some
inflammatory pathways (i.e., NF-»B and TNF-a expression) ;
(iii) can improve the antigens presentation and differentiation
of naive CD4+ T cells into Tregs (30-33); (iv) help neutrophils
chemotaxis and regulate the production of reactive oxygen
species (ROS) by these cells (34, 35); and (v) in B cells,
stimulate antibody production (36). Because of all these factors,
bacterial unbalance and the reduced production of SCFA are
associated with abnormal activation of the gut-associated
lymphoid tissue (GALT), modifying the tolerance pattern of the
immune cells (37, 38).

Changes in the gut environment harm its barrier
function, allowing the passage of bacterial fragments (i.e.,
lipopolysaccharide-LPS) to the blood flow (39, 40). These
fragments bind to specific pattern-recognizing receptors
(PRRs), mainly the toll-like receptor-4 (TLR-4); these bindings
trigger inflammatory signaling cascades that ultimately
stimulate innate immune responses with a generation of pro-
inflammatory cytokines, chemokines, eicosanoids, and ROS
(41, 42). It is essential to highlight that the production of
inflammatory cytokines constitutes a feedback cycle since
these molecules stimulate the activity of TLRs (41). This
inflammatory picture is named metabolic endotoxemia (43) and
brings local and systemic consequences. For instance, it impairs
endothelial cell function and contributes to atherosclerosis (44,
45); it leads to hepatic steatosis and insulin resistance (46); in
the pancreas, it favors the § cell dysfunction (47); in skeletal
muscle, it increases the risk of sarcopenia (45, 48, 49); and in
the brain, it increases the neuroinflammation (50).

Contributors to inflammaging: adipose tissue and
dietary fat

The aging-related increase and redistribution of body fat
stand out in visceral white adipose tissue (44). The high-fat
content in this tissue allows the infiltration of M1 macrophages
and T lymphocytes. These immune cells, and the adipocytes
themselves, release cytokines and chemokines (i.e., MCP-1,
IL-1p, IL-6, and TNF-o.), which settles an inflammatory profile
(51, 52). In addition to these processes, the existing adipose
tissue vasculature does not support the tissue’s expansion,
reducing the entry of oxygen and activating the hypoxia-
inducible factor-1 (HIF-1) that targets inflammatory genes.
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Systemically, the increase in body fat entails higher cellular
exposition to saturated fatty acids (SFA), indirectly activating
the TLRs signaling, possibly altering macrophage lipid
metabolism (53). In addition, the excessive intake of lipids,
especially SFA, can modify the gut microbiota contributing to
metabolic endotoxemia. On the contrary, w-3 fatty acids seem
to attenuate LPS and the SFA’s effect in different tissues (54).

The contribution of the gut, adipose tissue, and diet
to inflammaging raises the concept of metaflammation.
Metaflammation is a metabolic disorder featured by cellular
oxidative stress and increased plasma pro-inflammatory
cytokine levels, principally triggered by nutrients and metabolic
surplus; obesity is one of its main risk factors. The role of
metabolic inflammation is well established in the pathogenesis
of insulin resistance, mainly through stimulation of the pro-
inflammatory cell signaling pathway, with activation of the
transcription factors, namely nuclear factor-kappa B (NF-kB)
and activator protein-1 (AP-1) mediated by toll-like receptor-4
(52-54). Therefore, inflammaging and metaflammation share
similar molecular mechanisms (55).

Immunosenescence and inflammaging

Immunosenescence is a state of functional decline of
the immune system, involves both the adaptive and innate
immune arms, and is related to aged bone marrow and thymus
involution (55, 56). Some features of immunosenescence will
be briefly described. In the innate arm, the neutrophils show
reduced chemotaxis, phagocytic activity, and intracellular
killing of the pathogens. These cells also present defective ROS
production (57, 58). The macrophages become hyperreactive
due to inflammatory cytokines in blood flow. Dendritic cells
are reduced (59), and these cells diminish phagocytosis and
cytokines synthesis (60, 61). The natural killer cells (NK)
have their number reduced, and the existing ones proliferate
less (62), with reduced cytotoxicity and cytokine/chemokine
synthesis. These changes result in a weakened response to
pathogens.

There is a decline in lymphopoiesis and consequent reduced
differentiation and proliferation of T- and B- cells concerning
adaptative immunity. The B-cells, precursor, and their
antibody-producing plasma cells decrease in number (63).
Consequently, the “immunological space” is filled with memory
cells with low receptor diversity; there is also a reduction in
the T-cell diversity because the class-switching is reduced
or impaired. Hence, there is a shrinking of the naive CD4+
T-cells, altering the CD4+/CD8+ ratio. These processes lead
to difficulties in dealing with new antigens and weakened
responses to vaccination (64).

An intriguing aspect of immunosenescence is the increased
production of regulatory subtypes of myeloid and lymphoid
cells. Typically, these cells inhibit the function of other
immune cells induced by pathological and inflammatory
conditions. Therefore, they are fundamental to the resolution
of acute inflammation. However, in chronic inflammation and
inflammaging, regulatory cells are induced in a compensatory
immunosuppressor network involving diverse subgroups of
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regulatory cells. This regulatory phenotype leads some authors
to define immunosenescence as different from the typical cell
senescence, being a compensatory remodeling to inflammaging
(65, 66).

Covid-19 pathology and its relationship with
frailty and inflammaging

The SARS-CoV-2 virus enters the body via nasal cells,
and its main targets are the alveolar epithelial type II cells.
Initially, the viral spike “S” protein binds the angiotensin-
converting enzyme-2 (ACE-2) receptor. Afterward, the host’s
type 2 transmembrane serine protease (TMPRSS2) cleaves the
ACE-2 and activates the “S” protein, promoting viral uptake
and endocytosis. The virus releases its RNA and replicates
using the host’s machinery from its entry into other cells. From
this point, the host generates new viruses, allowing the infection
to progress.

Depending on the host’s immune resilience, the virus reaches
the lung, triggering a local immune response. The delayed-type
I interferon increases the virus’ sensing; the alveolar epithelial
cells release monocyte chemoattractant, increasing, therefore,
the monocytes and neutrophils into the lungs and promoting
an exacerbated release of pro-inflammatory cytokines,
chemokines, and growth factors. Systemic inflammation leads
to vasodilation, contributing to the infiltration of monocytes and
lymphocytes in the heart and lung. These responses decrease
the interferon levels, raise neutrophil extracellular traps,
and increase pyroptosis. The pyroptosis, in turn, increases
the activity of NOD-like receptor protein-3 inflammasome
(NLRP3), which releases several cytokines and chemokines,
featuring the cytokine storm (i.e., IL-1p, IL-2, IL-2R, IL-6,
IL-7, IL-8 IL-10, IP10, MIP1A, and TNF-a) (2, 67, 68). The
cytokine storm can cause a leak of nuclear or mitochondrial
DNA (mtDNA), which is recognized by PRRs, especially
in macrophages (69), increasing the inflammatory status.
The occurrence of lung edema can fill the alveolar space,
leading to the early-phase acute respiratory distress syndrome.
This syndrome reduces the oxygen uptake, causing diffusing
intravascular coagulation and thrombotic complications
increasing the risk of sepsis and multiorgan failure and deaths.

Therefore, the SARS-CoV-2 infection demands a responsive
and resilient immune system. In this scenario, it becomes
clear that inflammaging and immunosenescence increase
the vulnerability to poor prognostic (70, 71). The risk is
increased in older adults with chronic diseases because they
favor mechanisms by which the SARS-CoV-2 escapes the
immune surveillance. Older adults deserve special attention at
the COVID-19 pandemic. However, age and multimorbidity
cannot be the only measures for severity or prognosis. The
inflammaging increases the susceptibility to infection, augment
the possibility of aggravating, and enhance the difficulty of
recovering after the COVID-19 disease; thus, a permanent
screening of indicators of physical resilience is crucial. In this
perspective, frailty and nutrition must be considered.

During the COVID-19 pandemic, frailty, a clinical
expression of vulnerability to immune dysfunction, is an



essential measure for personalized care and resource allocation.
The degree of frailty presents a dose-response relation to
COVID-19 mortality (72-74). A recent meta-analysis observed
that the Clinical Frailty Scale, a standard multidimensional
screening instrument for frailty, was associated with a hazard
ratio for mortality of 1.87 (75). Moreover, frailty points to
a severity measure of COVID-19. The frailer patients have
a higher chance of evolving towards severe form, a more
extended hospital stay, and worse or incomplete recovery
(76, 77). Frailty is also more prevalent among those patients
with delirium due to COVID-19, and it may predict mortality
(78). Delirium is an excellent example of a limited brain
physiologic reserve as a presenting symptom of frailty, and
their association seems bidirectional (79). Among the patients
with acute confusion, between 16% and 37% had delirium as
a primary symptom, or no typical COVID-19 symptom or sign
was observed (80). Moreover, frail patients present immune
dysfunction and may have a lower response to vaccination (81).

On the other hand, COVID-19 may predispose older patients
to frailty. Although not fully understood, the upregulated
interleukin-6 due to the cytokine storm caused by SARS-CoV-2
activates STAT3 by tyrosine phosphorylation which triggers
inflammatory feedback through the JAK/STAT signaling
pathway (82, 83). Downstream ROS causes oxidative damage,
amplifies a systemic pro-inflammatory state, culminating in
muscle dysfunction and frailty. A high inflammatory condition
reduces appetite and consequently decreases food intake, which
aggravates muscle loss and frailty.

In summary, frailty and COVID-19 have a bidirectional
relation in how each variable has feedback for the rise of the
other. In this sense, inflammatory dysfunction over the LGSI
(inflammaging) can mediate the co-occurrence of frailty and
COVID-19.

Nutritional and functional status

The aging process raises the risk of malnutrition, which
can rapidly increase and aggravate the management of
severe respiratory infections. Respiratory burden means a
hypermetabolic condition, which increases energy expenditure
and, consequently, nutrition requirements. Achieving these
requirements is challenging due to anorexia, anosmia, and
ageusia. A study conducted in Wuhan, China, including 413
patients with COVID-19 (346 severe and 67 critically ill),
evaluated their nutritional risk (NR). The critically ill patients
showed higher NR scores, significantly associated with
worsening COVID-19; therefore, the more severe the COVID-
19 status, the higher prevalence of NR or undernutrition
(84). Also, comorbidities, such as diabetes-related hormonal
dysfunction, can favor the NR. It is associated with high fatality
rates in older adults infected by COVID-19 (85, 86).

A lower metabolic rate and higher NR are essential
components of the vicious cycle of frailty. These include NR,
diseases, reduced food intake, reduced physical activity, and
reduced muscle mass. Cederholm (173) highlighted the existing
overlapping between frailty, sarcopenia, and malnutrition;
these three conditions have in common an inflammatory profile
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(acute or chronic) and nutrition deficiencies. The presence of
diseases can aggravate these conditions, increasing the risk of
disabilities and even death. Importantly, these conditions are
reversible if appropriately identified and treated. Older adults,
being more prone to develop severe cases of COVID-19,
should be evaluated for these conditions. Low-cost and practical
strategies must be thought out and implemented before, during,
and at the recovery of COVID-19 disease.

Maltese et al. (2020), in a systematic review, highlighted
some important aspects to be accounted for the management
of older adults in the COVID-19 scenario: (i) monitoring older
adults in home isolation; (ii) including frailty in the analysis
of vaccination responses; (iii) using frailty, instead of age, as a
predictive outcome to clinical decisions; (iv) monitoring frailty
together with symptoms and outcomes in post-COVID; (v)
using frailty evaluation to plan physical exercises, to prevent or
counteract the muscle losses, and to investigate some metabolic
parameters to help the dietary planning; (vi) discussing
possibilities to counteract the immunosenescence. Going
beyond and following Cederholm (173), we would reinforce the
importance of simultaneously evaluating frailty and nutritional
risk. Rapid screening tools can improve the assessment process.
Also, assessing dietary intake and associated factors (for
instance, loss of appetite) would help plan interventions.

Nutrients and non-nutrients compounds

In the perspective of attenuating some manifestations of
inflammaging and frailty, it is essential to recognize some
modifiable factors to interfere with immune modulator
strategies. In the present review, we will explore, as modifiable
factors, the gut (considering probiotics administration)
and the cell senescence (considering senolytics substances
administration).

The gut as a target: administration of probiotics

SARS-CoV-2 directly or indirectly affects the gut
microbiota, especially in older adults, causing symptoms
similar to intestinal inflammation (i.e., nausea, diarrhea, loss
of appetite, and abdominal pain) (6, 87, 88). Also, gut-derived
toxins can affect the lungs, aggravating respiratory syndrome
(89). There is evidence that changes in the intestinal microbiota
regulate viral infection through several mechanisms (90-
92). For instance, it has been mentioned that possibly, the
hypoxemia observed in the course of the disease can lead to a
decrease in some genera of probiotic bacteria (Bifidobacterium,
Lactobacillus, and Eubacterium) and an increase in other
pathogenic bacteria (93). The over-administration of antibiotics
in the COVID-19 treatment protocols is also a relevant factor
affecting the intestinal microbiota. Gastrointestinal (GI)
disturbances with changes in microbiota affect up to 50% of
the COVID-19 patients and 17.6% of the severe cases (94,
95). Zuo et al. compared COVID-19 infected and non-infected
patients’ microbiota, finding increased opportunistic bacteria
(Collinsella aerofaciens, Collinsella tanakaei, Streptococcus
infantis, and Morganella morganii) in the infected ones (96).
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Besides, Gu et al. investigated bacterial groups modified with
SARS-CoV-2 infection and identified a reduction in genders
related to SCFA production (Faecalibacterium, Fusicatenibacter,
and Eubacterium hallii) (95).

Li et al. formulated their hypothesis under the statement that
patients with hypertension have an increased risk for COVID-
19 and a high percentage of GI symptoms (97). They studied
spontaneously hypertensive rats, who typically presented higher
expression of ACE-2 and TMPRSS2 in the gut epithelium, and
depleted SCFA producers’ bacteria. The results showed that
butyrate downregulates some essential genes for SARS-CoV2
infection. At the same time, SCFA upregulated some antiviral
pathways. The authors concluded that the increased COVID-
19 risk in hypertension is partly due to the gut’s cumulative
depletion of butyrate-producing bacteria.

Additionally, Pascoal et al. infected healthy colon epithelial
cells with the SARS-CoV-2. They found that the treatment with
SCFAs reduced the expression of genes related to the detection
and replication of viral molecules (i.e., RIG1, TMPRSS2, and
the IFNA receptor). However, they did not find any difference in
the viral load with SCFA treatment.

Several studies have explored the possibility of using
probiotics in SARS-CoV-2 infection. A report published
in February 2020 suggested using probiotics added to the
usual treatment (98) to control the severity of the disease.
Baude et al. recommended that some species of Lactobacillus,
Bifidobacterium, and Pediococcus are essential for reducing
the viral load (99). Other studies performed in China showed
that some patients with COVID-19 exhibited intestinal
microbial dysbiosis characterized by reduced genders such as
Bifidobacterium and Lactobacillus, suggesting supplementation
with pre- or probiotics to return to eubiosis, decreasing the risk
of infection (100).

As with other infectious respiratory diseases, the probiotic
regulatory role in COVID-19 depends on the strain’s specificity
and the health condition of the host immune system. The
SARS-CoV-2 induces an acute inflammatory bowel response
via ACE2 and TMPRSS2, characterized by infiltration of the
mucosa of macrophages, neutrophils, and T cells (101). Due
to this, it has been hypothesized that probiotics may have
a beneficial role in patients with gastrointestinal symptoms
and those with mild to moderate systemic symptoms without
respiratory impairment and help to prevent disease progression.
The National Health Commission of China suggested using
probiotics as a complementary treatment for gastrointestinal
symptoms, such as diarrhea and reducing the risk of secondary
infections due to microbial translocation in severe cases of
COVID-19 (98). These suggestions represent a complementary
tool to decrease the inflammation related to SARS-CoV-2 and
favor the recovery of damages to the intestinal mucosa through
the modulation of the intestinal microbiota.

From the information above, we can infer some mechanisms
related to probiotics in COVID-19: (i) direct interaction with
the virus; (ii) stimulation of the innate mucosal immune
response; (iii) reduction of intestinal permeability; (iv)
production of antiviral metabolites; and (v) promotion of the
systemic acquired immune response through a regulatory and
anti-inflammatory effect, especially during the cytokine storm
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(102, 103).

On the other hand, some caution is necessary since the
administration of microorganisms to patients with critical
illnesses can lead to any injury, such as exacerbating
inflammation. For this reason, in patients with severe disease
and critically ill patients, the administration of probiotics
should be evaluated, and essential safety issues should be
considered (104). In contrast, the increase in innate defenses
can probably help prevent COVID-19 in the initial stage of
infection, especially in older adults. Therefore, a prophylactic
administration of probiotics could be justified by their ability
to maintain the integrity of the GALT and bacterial eubiosis,
necessary to inhibit the entry of the virus into intestinal cells
(89). Until vaccines are massively administered, improving
the intestinal microbiota profile through personalized
nutritional supplementation may be one of the prophylactic
ways in which the impact of COVID-19 can be minimized in
immunocompromised older adults. However, robust clinical
trials are needed to elucidate these hot topics and identify the
most valuable and safe environment for the administration
of probiotics. Several registered trials that aim to investigate
the efficiency of probiotics in treating COVID-19 patients are
ongoing (101).

Cell senescence as a target: Administration of
polyphenols

The overproduction of pro-inflammatory cytokines can
lead us to compare this cellular condition to a SASP profile.
This hypothetical profile raises the possibility of administering
senolytic substances. Senolytics are compounds that induce
apoptosis of senescent cells, reducing chronic inflammation and
oxidative stress; therefore, they potentially reduce the risk of
chronic diseases, malnutrition, and frailty (25). Some nutrients
or non-nutrient molecules, as well as synthetic or natural
products, are considered senolytics. Recently, some groups
proposed using senolytic substances as possible therapeutics
for COVID-19 since senescent phenotype (SASP) is strongly
related to increased respiratory depression in COVID-19
patients (105, 106).

Polyphenols are phytochemicals present in fruits, vegetables,
and plant-derived beverages. They represent diverse compounds
separated into classes according to their chemical structures,
including phenolic acids, flavonoids, stilbenes, curcuminoids,
and lignans (107).

Among the polyphenols, curcumin, a natural hydrophobic
polyphenol derived from the rhizome of Curcuma longa,
modulates several molecular targets, including NF-»B, and
the expression of the induced genes by this transcription
factor (i.e., COX-2, iNOS, VCAM-1, ICAM-1, TNF-q, IL-1,
IL-6, IL-8, IL-12, and interferon-y). Curcumin increases
antioxidant defense mechanisms by upregulating transcription
and expression levels of antioxidant enzymes and improving
mitochondrial function (108-111). Studies in vitro showed
that 5 uM curcumin presented senolytic properties with a
reduction in some hallmarks of senescence (i.e., p16, IL-6, IL-8,
MMP3, and MMP13) (112). However, curcumin has lower



bioavailability, which compromises its senolytic activity. A
combination with piperine, alginates, or nanocapsules improves
its stability and bioavailability (113).

Curcumin has been considered a perspective for treating
COVID-19 based on its antiviral properties (114). For instance,
in India, Pawar et al. (2021) conducted a double-blind,
randomized controlled trial with symptomatic adult patients
with COVID-19. They compared two groups, the first receiving
a commercial probiotics-based compound (containing lactic
acid Bacillus and Vitamin B), and the second receiving 525 mg
curcumin with 2.5 mg piperine). Both treatments were given
in similar capsules, twice a day for 14 days from the day of
admission. The authors found many clinical improvements
in patients in the curcumin group; however, there were no
significant differences from the probiotics group (115). Also,
Valizadeh et al. (2020) studied 40 COVID-19 patients divided
into two groups, where the first (20 patients) received 160 mg
of Nano-curcumin in four 40 mg capsules daily for 14 days,
and the control group (20 patients) received a placebo. They
investigated the mRNA expression and cytokine secretion levels
of IL-1f, IL-6, TNF-a, and IL-18 (116). The nano-curcumin
group presented improved results, especially in IL-1f3 and IL-6
mRNA expression and secretion.

Resveratrol (3,45-trihydroxy-stilbene) is a phytoalexin
composed of two phenolic rings linked by a double bond. This
compound exists in two isoforms: trans-resveratrol and cis-
resveratrol, with trans-resveratrol being the most stable form,
which is found in grapes, berries, red wine, peanuts, among
other fruits and nuts. Resveratrol attenuates the expression of
proinflammatory cytokines in cells stimulated with LPS. It
reduces the activation of the transcription factors NF-zB and
AP-1. Additionally, resveratrol potentiated insulin on glucose
uptake via AMPK in skeletal muscle cells (117-119). Timmers
et al. (2011) verified that resveratrol supplementation (150 mg/
day) activated AMPK, increased SIRT1 and PGC-1a protein
levels, and improved mitochondrial muscle respiration on the
fatty acid-derived substrate in the muscle of healthy, obese men
(120). Besides, resveratrol reduced systolic blood pressure and
the HOMA index.

In conditions caused by virus infections other than COVID-
19, resveratrol decreased symptoms of the common cold in
children (121) and reduced TNF-alpha levels and diarrhea due
to rotavirus in piglets (122). Once the potential of resveratrol
to inhibit the Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) replication was described (123), the use of
this compound as an adjunctive treatment of COVID-9 was
suggested as a possible perspective. Pasquereau et al. found
reduced viral titer by 80% with resveratrol in another member
of the coronavirus family, the (HCoV)-229E (124). In another
in vitro study, Yang et al. verified the effects of resveratrol on
SARS-CoV-2 replication in Vero cell culture. Resveratrol was
incubated with Vero cells before and or after their infection
with SARS-CoV-2 (125). The inhibitory rate in cells treated
with resveratrol after SARS-CoV-2 infection was excessive at
98%, similar to the full-time treatment (pre and after treatment
together). These two preliminary studies suggest that resveratrol
can inhibit SARS-CoV-2 infection in the in vitro cell culture.
However, to resveratrol’s role in treating Covid-19, double-
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blinded clinical trials should be considered in futures studies.
The importance of preventive strategies in aging

As demonstrated above, The SARS-CoV-2 is a virus
with high transmissibility. Most infected individuals remain
asymptomatic or present mild symptoms. However, specific
population groups, including older adults, are more vulnerable
to developing severe or critical manifestations of COVID-19. In
the present manuscript, we demonstrated that inflammaging and
frailty are important contributors to this increased vulnerability.
Therefore, in a pandemic environment, lifestyle-based
preventive strategies should be highlighted.

In this context, the anti-inflammatory potential of diet has
been extensively studied, especially from the Mediterranean
dietary pattern (MDP). Traditionally, the MDP is high
in vegetables, legumes, fruits, nuts, and cereals (mainly
unrefined); moderate to high in fish and olive oil; moderate in
fermented dairy products, especially cheese and yogurt; low
in red meat and derivatives; moderate in alcohol, particularly
in the form of wine, with meals. This food pattern is also high
in monounsaturated/saturated fatty acids, fiber, and different
phytochemicals (126). Furthermore, the MDP includes fresh,
locally produced, and not modified or minimal modifications
from their natural state (127). As discussed throughout
this manuscript, all these components play essential roles
in modulating systemic inflammation, oxidative stress, and
apoptosis (128).

It is interesting to analyze that the most recent studies on
MDP have shown a view beyond simple food intake. New
proposals have included environmental aspects and physical
activity as an essential preventive and healthy lifestyle. It is
known that decreased physical activity has a detrimental role
in muscle quality, and inappropriate nutritional habits favor the
acceleration of immunosenescence and inflammaging (129).

Physical activity can alter the systemic inflammation of
older adults regardless of their level of intensity, reducing blood
fibrinogen and C-reactive protein levels. It should be noted
that all significant influences on fibrinogen and C-reactive
protein by displacement of different physical activity behaviors
remained after adjustment for metabolic risk status among
participants.

Physical inactivity has shown a strong association with
an increased risk for severe COVID-19 outcomes. Sallis et
al. carried out a cohort study with 48,440 adults showing
that patients with COVID-19 who were consistently inactive
had a greater chance of hospitalization, admission to the
intensive care unit, and death than those who met the physical
activity guidelines (130). A recently published international
guideline on physical activity and exercise for older adults
aims to facilitate the prescription of exercise by non-specialists
according to several diseases or geriatric syndromes (131).

In Figure 1, we constructed a framework putting together
inflammaging with associated factors and outcomes, together
with the possibilities of preventing or assisting the treatment
with nutrition.
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Figure 1. The interplay between malnutrition and chronic inflammation leads to a state of physiological vulnerability typical
of unhealthy aging. An older adult in this condition has a greater susceptibility of COVID -19 aggravation after contact with
Sars-Cov-2. Strategies such as diet and physical activity may prevent physiological vulnerability and are postulated to fight
off COVID-19 aggravation. Also, those strategies can be explored to promote healthy aging and improve the management of
diseases, increasing the probability of recovery with less severe sequelae
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Conclusion

The inflammaging can trigger conditions such as
malnutrition and frailty and, consequently, increase the
vulnerability to COVID-19 aggravation. It is mandatory to
monitor older adults concerning nutrition, functional status, and
frailty. These evaluations will allow interventions, assuring the
appropriate care. We highlighted the possibility of interventions
with substances directed to control the inflammatory status via
the gut or cell senescence.
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