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Immunosenescence is a therapeutic target for frailty in older
adults: a narrative review
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Background and Objective: Aging refers to a progressive decrease in functional performance, leading
to increased mortality risk. At present, life expectancy is increasing worldwide and is expected to exceed
80 years by 2040. However, this increase in life expectancy also indicates a rise in the incidence and prevalence
of diseases, such as cardiovascular, neurological, musculoskeletal, and oncological diseases, which are associated
with aging. The exact underlying mechanisms of aging remain unknown, and whether it is a programmed
process or the consequence of an accumulation of stress events remains unclear. Thus, more scientific
research is needed to improve the management of complex and frail patients.

Methods: Several databases were searched with the following key words: immunosenescence, inflamm-
aging, frailty, sarcopenia and skeletal muscle, etc.

Key Content and Findings: Skeletal muscle is the core phenotype of frailty and sarcopenia. Immune
aging and skeletal muscle decline interplay with each other and form a vicious circle. Maintaining muscle
health is beneficial for immune function and delays the onset of frailty. Particularly, in the context of the
ongoing corona virus disease (COVID)-19 pandemic, studies have shown that the elderly are more prone
to the consequences of the SARS-CoV-2 virus. It has been reported that the rates of hospitalization in the
65-74, 75-84, and >85 years old group were 5x, 8x, and 10x greater than the 18-29 years old group, with
corresponding COVID-19-related deaths being 60x, 140x, and 330x that of the younger reference group,
respectively. Considering the above, this review aims to discuss the relationship between immunosenescence,
skeletal muscle, and frailty, and to explore immunosenescence as a potential therapeutic target to prevent
frailty and extend healthspan, with some emphasis on the effects of the COVID-19 pandemic on the elderly.
Conclusions: Immunosenescence is a promising potential therapeutic target for frailty and is worthy of

further investigation.
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Introduction

Aging refers to the progressive decrease in functional
performance, leading to increased mortality risk (1). It
is estimated that the proportion of the population aged
>65 years will increase from 9% (1/9) in 2019 to 16%
(1/6) by 2050. Currently, life expectancy is exhibiting
an increasing trend worldwide and is expected to exceed
80 years by 2040 (2). This increase in life expectancy also
indicates the potential increase in aging-associated diseases,
such as cardiovascular, neurological, musculoskeletal,
and oncological diseases (3,4). However, whether aging
is a programmed process or the consequence of the
accumulation of stress events remains debatable. Thus,
more scientific research is needed to fully understand the
underlying mechanisms involved in aging and age-related
diseases to improve the management of complex and frail
patients.

Frailty is a highly prevalent geriatric syndrome (5) that
has attracted significant attention from physicians and
researchers due to its associated increase in vulnerability
and healthcare costs, especially in the elderly population.
Generally, frail patients suffer from multiple chronic
diseases, with comorbidities and polypharmacy greatly
challenging their health management (5). Gerontologists
suggest that targeting the common pathogenesis of
comorbidities rather than a single disease is probably a
better solution for older people.

Immunosenescence is defined as age-related changes in
immune functions and has been extensively researched in
human and animal models in the past decades (6). Recently,
emerging evidence has supported immunosenescence as one
of the common pathogeneses of comorbidity, which may
lead to cancer, autoimmune disorder, repeated infection,
chronic inflammation-related diseases, poor response to a
vaccine, etc. (7-9). In particular, since early 2020 during the
coronavirus disease 2019 (COVID-19) pandemic, severe
respiratory syndrome coronavirus 2 has led to devastating
effects on the entire population (10). In the United States, it
was shown that 80% of the total deaths occurred in patients
aged >65 years (11), and older adults were more likely to
develop acute respiratory distress syndrome (ARDS) and end-
stage multiple organ failure (12). These phenomena were
highly associated with the aging immune system, making
the elderly a highly vulnerable population (13). Thus, given
the plethora of evidence suggesting immunosenescence
as the underlying mechanism for frailty, we hypothesized
that targeting specific age-related factors contributing to
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immunosenescence could potentially delay the aging process
and provide time for preventing age-related diseases.

In the current literature, most reviews on
immunosenescence and frailty focused more on specific
pathways or cell types, and less on therapeutic methods
for senile frailty syndrome. The search strategy summary
as shown in Table 1. This review summarizes current
knowledge on aging and the immune system, elaborates
on the mechanism through which immunosenescence
contributes to frailty, and discusses the possibility of
targeting the aging immune system as a therapeutic method
for senile frailty syndrome, with some emphasis on the
effects of the COVID-19 pandemic on the elderly, objective
to provide reference for clinical work. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-4405/rc).

Methods

Literature probing for this narrative review was conducted
by searching PubMed, Google Scholar and Web of Science
database for articles published from 1989-2021. The search
terms used (including MeSH and free text search terms and
filters) are as follows: immunosenescence, inflamm-aging,
frailty, sarcopenia, skeletal muscle and immune aging.
There is no limitation set on study type during searching,
but only articles in English are included in searching
strategy. Selection process in conducted independently by
Chuanfeng Liu and Yuan Tian. If any discrepancy, they will
escalate issue to WenZhong for further discussion till final
decision.

Defining frailty

Frailty is a critical public health problem in the older
population. How we define frailty will determine the way
we explore its management. In a consensus published by the
International Association of Gerontology and Geriatrics
in 2013, frailty was defined as reduced strength and
physiological dysfunction, resulting in elevated weakness,
dependence, or death (14). Frailty is a non-specific state
wherein the decreased physiological reserve of older
individuals increases their vulnerability and decreases anti-
stress capability (15). Frailty involves pathological and
physiological changes in multiple systems, including the
neuroendocrine, musculoskeletal, metabolism, and immune
systems (16).
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Table 1 The search strategy summary
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ltems Specification

Date of search Jan 24", 2022

Databases and other sources searched PubMed, Google Scholar, Web of Science

Search terms used
Timeframe 1989-2021
Inclusion and exclusion criteria

Selection process

Immunosenescence, inflamm-aging, frailty, sarcopenia, skeletal muscle, immune aging

Content related to search keywords

Selection process was conducted independently by Chuanfeng Liu and Yuan Tian. If there were

any discrepancy, they would be escalated to WenZhong for further discussion till final decision

The prevalence of frailty varies across countries and
regions, not only because of the huge disparities in race,
economic status, and medical care but also because of the
lack of a universally accepted evaluation method for frailty
syndrome. At present, two evaluation scales exist for frailty:
the Fried Frailty Phenotype (17) and the Rockwood frailty
index (18). Frailty phenotype refers to an independent
clinical syndrome characterized by an imbalanced adaptive
regulatory system and energy, which is the physiological
basis of sarcopenia and fatigue. The frailty index is
characterized by a wide range of dimensions, including
physical function, comorbidities, cognitive and mental
factors, etc. Irrespective of the scale used, both can predict
the mortality, disability, falls, and hospitalization risks of
older adults. Simultaneously, both evaluation tools prioritize
lean body mass and physical capability. Thus, the Fried
Frailty Phenotype (17) and Rockwood frailty index (18) scales
are important referential tools that can be used to provide a
more standardized assessment of frailty.

Physical capability decline is a core phenotype
of frailty

Muscle mass and functional loss are the typical clinical
manifestation of frail patients, which can also serve as the
key diagnostic criteria of sarcopenia (19). As a geriatric
syndrome, sarcopenia shows generalized and progressive
loss of muscle mass and malfunction. It increases the risk of
falls and fractures, contributes to the loss of independence
and poor quality of life, is associated with cardiac or
respiratory disease and cognitive decline, and leads to high
rates of hospitalization and death. In the previous study (20),
the main diagnostic criteria were muscle mass, strength,
and physical performance. Until 2018, muscle quality was
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based on the revised European consensus on sarcopenia (20).
Physical capability is the main diagnostic criterion of both
frailty and sarcopenia; thus, skeletal muscle health is the
research focus of preventative and therapeutic strategies.
Multiple factors can contribute to skeletal muscle
degenerative change in addition to aging; thus, sarcopenia is
classified as primary and secondary accordingly. Emerging
evidence has shown that numerous diseases or pathological
statuses, such as diabetes mellitus, cancer, and kidney failure
with hemodialysis, can lead to muscle wasting. Therefore,
the coexistence of multiple diseases is a risk factor for both
frailty and sarcopenia. The potential mechanism, including
but not limited to proteostasis loss, chronic inflammation,
and mitochondrial dysfunction, is still under investigation.

Pathophysiological basis of immunosenescence

Compared to younger people, the immune profile of older
people exhibits a declining trend involving innate and
adaptive immunity. The decline in immune capability can
lead to several clinical manifestations, such as poor response
to a vaccine, lower antitumor ability, repeated and persistent
infections, and autoimmune diseases. This age-related
process is called immunosenescence (21), a detrimental
factor for healthy aging and lifespan. Immunosenescence
accounts for senile morbidity and death (22) and has the
following characteristics: antigen presentation impairment,
naive T-cell priming, diminished cluster of differentiation
(CD) 8" T cell cytotoxic function, shrinkage of naive B-cell
and T-cell repertoires, and the production of lower amounts
of high acidity antibodies (23).

Adaptive immunity involves the self-activation, growth,
and differentiation of antigen-specific T/B lymphocytes
into effector cells following stimulation by an antigen,
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resulting in a series of biological effects. B cells, CD4" T
cells, and CD8" T cells are the main effective lymphocytes
in the adaptive immune system. In addition to producing
cytokines, CD8" T cells also play a role in directly killing
pathogen-infected cells. However, the adaptive immune
system wanes with aging, and thymic degeneration
induces reduced production of naive T cells. Typically,
immunosenescence status is determined by obvious
alterations in the adaptive immune system during the aging
process (24).

Innate immunity is the intrinsic defense mechanism of
the body under a physiological condition that produces
related immune responses upon pathogen or foreign body
invasion. The innate immune system mainly contains the
following cell types: natural killer cells, macrophages,
neutrophils, and dendritic cells (DCs), which react
quickly to identify and eliminate pathogens that may
cause infection. However, the proportion of macrophages,
chemotaxis, antigen presentation ability, and phagocytosis
will decrease with aging, resulting in increased susceptibility
of older individuals (25). DCs are responsible for antigen
presentation; a previous study revealed that DCs have a
poor ability to activate CD4" T cells in the elderly (26).

Inflamm-aging is a chronic inflammatory state
that is completely different from acute inflammation,
characterized by persistent production of undecomposed
pro-inflammatory mediators. On the one hand,
immunosenescence results in inflammation and pro-
inflammatory factor accumulation. On the other hand,
senescent cells can generate angiogenic factors, chemokines,
cytokines, proteases, and growth factors, also referred to as
the senescence-associated secretory phenotype (SASP) (27).
With the accumulation of aging cells, SASP may also
induce age-related inflammation. Thus, inflamm-aging
may be caused by the interaction of complex factors such
as SASP and innate immune cell dysfunction in older
adults (28). Decades of accumulation of stress events alter
the immune systems of elderly individuals, leading to
time-related destruction of immune organ structure and
dysfunction of immune responses due to varying levels of
inflammation. Thus, immunosenescence and inflamm-aging
are considered the common pathogenesis basis of multiple
geriatric diseases.

Immunosenescence is associated with

comorbidity in older adults

A study published in Nature in 2021 showed that the
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senescence immune system has a crucial effect on driving
systemic aging (29). Emerging evidence has revealed that
immunosenescence is closely associated with multiple
chronic age-related diseases, whereas comorbidity is a risk
factor for frailty syndrome.

Immunosenescence (particularly inflamm-aging) is
associated with neurodegenerative disorders and cognitive
decline. As observed in a cohort study involving 873 people
without dementia aged 70-90 years, a higher expression of
interleukin (IL)-6, IL-10, IL-12, IL-1B, and tumor necrosis
factor (TNF)-a predicted low cognitive function when
confounding factors such as age, sex, education, and obesity
were adjusted (30). The underlying mechanism may be that
long-run and/or excess pro-inflammatory factor release into
the central nervous system results in decreased expression
of brain-derived neurotrophic factor, which is associated
with neurogenesis, glutamate activation, oxidative stress,
and apoptosis induction (31). A previous study depicted the
immune signature by counting the number of peripheral
blood mononuclear cells (PBMCs) among patients with
Alzheimer’s disease (AD): an increase in CD8" T effector
memory CD45 RA+ cells. These cells accumulate near the
AP plaques of the brain and are inversely associated with
cognitive ability (32).

Moreover, a relationship between immunosenescence
and metabolism disorder has been detected, although it
is not a causal relationship. Previous view demonstrated
that endocrinosenescence modulates the immune system
and immunosenescence changes the endocrine system,
forming a vicious circle (33). The decrease of hormones
may be linked to the increase of cytokines such as IL-6 and
TNE, while an increase of TINF and IL-1p in the vicinity
of endocrine glands may inhibit hormone production and
secretion. Furthermore, endocrine disorder may participate
in the pathogenesis of frailty through aberrant regulation of
glucocorticoid secretion, insulin-like growth factor signalling,
androgen production as well as insulin resistance (34).
A classic feature of type 2 diabetes mellitus (T2DM)
immunosenescence is the decreased CD4" naive T cell
repertoire accompanied by the increased effector CD4"/
CD8" T cell and memory CD4" T cell repertoires. The
senescent or late-differentiated T cells (CD8"'CD28-,
CD8'CD57") have recently been shown to predict
hyperglycemia in humans (35). A study revealed that
the increased expression of glycosylated hemoglobin is
associated with the decreased phagocytosis of neutrophils
and monocytes in circulation, whereas metformin treatment
reversed its expression (36). In addition, plasma mediators
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in obese individuals may promote the early onset of
immunosenescence. The exposure of healthy PBMCs in
the plasma of obese people exhibits a decreased expression
of CD28 (a representative marker for T cell aging) and an
increased late-differentiated CD8"CD28™ T cell count (37).

Immunosurveillance means that immune cells monitor
and control defective or aging cells, thereby avoiding tumor
cell development. The immune system may be responsible
for recognizing and eliminating cancer precursors (38),
mainly regulated by cytotoxic natural killer NK and
CD8" T cells. On the other hand, the interaction between
immune and cancer cells occurs during the formation and
development of cancer cells, a process known as immune
editing (39). Tumor immunoediting includes elimination,
balancing, and tumor escape, all of which are affected by
immunosenescence. Thus, poor immunosurveillance is a
non-negligible component of immunosenescence, which is
one possible explanation for cancer occurrence.

Can a different immune profile affect prognosis
or survival?

Emerging evidence has revealed that the immune
profile varies between older individuals and their young
counterparts and affects healthspan and mortality. A study
that began in 1979 assessed the responses to mitogen
polyhydroxyalkanoates among 246 people aged >65 years.
According to their results, the different responses of
baseline T cells resulted in differences in the 4-year survival
after a mean follow-up of 36.5 years (40). In a Japanese
study, people with a baseline age of 69-72 years were
followed up for more than 7 years. The authors discovered
that the reduced chemotaxis of polymorphonuclear
leukocytes was significantly associated with mortality (41).
In a Swedish study, the mortality-related immunological
parameters were systemically analyzed in 102 patients aged
8692 years at baseline who were followed up for 2 years.
At the last follow-up, which was conducted 8 years after
the study began, it was reported that non-survivors showed
a decreased proportion of CD4" T cells and an increased
proportion of CD8" T cells (42). In addition, some immune
parameters exhibited a close association with early mortality
in older patients, including poor T cell response to mitogen
proliferation, a high percentage of CD8" T cells, and a low
percentage of CD4" T cells and CD19" B cells (40). Thus,
age-related alterations of the immune system can indeed
affect the prognosis of elderly patients and the mortality
risk of these people.
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Skeletal muscle plays a central role between
sarcopenia and immunosenescence

Skeletal muscles are a well-recognized therapeutic target
of sarcopenia and frailty. Recently, researchers have
proposed that the skeletal muscle is not only the largest
organ for physical movement but can also regulate an
immunological process and the inflammatory response (43).
Moreover, researchers even considered that skeletal muscle
possibly plays a central role between sarcopenia and
immunosenescence (44).

Emerging evidence has demonstrated a link between
sarcopenia and a higher risk of infection among senile cases.
Moreover, sarcopenia was found to be associated with a
risk of infection after surgery (45). The risk of nosocomial
infection increased two-fold in hospitalized patients
following a 3-week treatment course in the hospital.
In addition, sarcopenia can predict the community-
acquired pneumonia risk in older people (46) and the
90-day mortality of older patients with pneumonia (47).
Poor immune system response to a pathogen is a possible
mechanism for the vulnerability of elderly adults to
infectious diseases.

As an endocrine organ, skeletal muscle secretes more
than 300 myokines (48); several myokines have exhibited
immune system-modulating properties. For example, 1L-
15 plays a critical role in the immune system, regulating
NK cell activation, growth, and distribution; modulating
CD8 T-cell homeostasis (49); and reinforcing neutrophil
migration and phagocytosis (50). Another myokine, IL-6,
is well known for accelerating muscle protein degradation
and interstitial fibrosis deposition by modulating the Signal
Transducer And Activator Of Transcription 3 STAT3-IL-6
signaling pathway. Interestingly, another study showed that
IL-6 induced the secretion of II.-1ra and IL.-10 (51), both
of which inhibit inflammation.

Accordingly, immune cells affect the regenerative ability
of skeletal muscles because infiltrated immune cells produce
growth factors, which are essential for muscle stem cell
proliferation and differendation, and remove necrotic cells (52).
IL-15 is beneficial for skeletal muscles as it promotes
myogenesis while regulating the distribution of adipose
tissues. Another study showed that a certain proportion
of regulatory T cells promote muscle repair by regulating
amphiregulin, the growth factor targeting muscle stem
cells (53). Thus, the interaction between skeletal muscles
and immunosenescence determines the homeostasis of the
immune-muscle system, which is worthy of further study.
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Intervention for immunosenescence and frailty

Multiple factors contribute to development of frailty with
advancing age, thus the therapeutic target is diversed depends
on specific condition. Nutrition supplements and physical
exercise are proved to be helpful in preventing and treatment
of frailty, however, valid pharmaceutical intervention is scarce.
Mesenchymal stem cells (MSCs) can exert regenerative effects
and possess anti-inflammatory properties, offering a promising
therapeutic strategy to address the pathophysiologic problems
of frail syndrome (54). Currently, MSC therapy is undergoing
the phase I and II trials in human subjects to endorse the
safety and efficacy of MSCs for aging frailty. Furthermore,
as a gradually shifting of treatment concept for elderly, “one
disease at a time” model is no longer appropriate in geriatric
clinical practice (55). To targeting one common mechanism
of frailty and multiple chronic diseases of elderly is potential
therapeutic strategy, while immunosenescence is one of several
common mechanisms which not only causes physiological
decline but also be involved in development of several chronic
geriatric diseases.

Immune aging, or immunosenescence, contributes to
the morbidity and mortality of the elderly (56). Matthew’s
study selectively deleted Erccl in mouse haematopoietic
cells to increase the burden of endogenous DNA damage
and thereby senescence (57) in the immune system only
and found senescent immune system has a causal role in
driving systemic ageing and therefore represents a crucial
therapeutic target to extend healthspan (29).

Numerous studies have shown that rapamycin and
rapalogs, considered novel and promising longevity agents,
can extend lifespan (58). Interestingly, these agents showed
an immunosuppressive effect at high doses and an immune
stimulatory effect at low doses (59). However, the reason for
these immunity-boosting effects is unclear. The inhibition
of mammalian target of rapamycin (nTORCI) is a possible
explanation, as mTOR can regulate the STAT signaling
pathway. A study showed a significant difference in STAT
phosphorylation levels in the T cells of healthy people
compared with unhealthy senescent people (60).

Senolytics are a novel type of agent. The interference
of stem cell signaling pathways temporarily disables
senescent cell anti-apoptotic pathway (SCAP), thus
targeting selectively senescent cells. In addition to its
main effect on clearing senescent cells, senolytics can also
eliminate pro-inflammatory cytokines. According to the
study (61), inflammation symptoms are relieved after the
administration of senolytics. A recent study found reduced
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SASP and coronavirus-related mortality in old mice after
the administration of senolytics (62).

A low level of nicotinamide adenine dinucleotide
(NDA)+ is reportedly associated with the poor function
of mitochondria and metabolic reprogramming of
immune cells (63); therefore, NDA+ is also recognized
as a therapeutic target for aging immunity. Promising
data has demonstrated that administrating nicotinamide
mononucleotide, the NAD+ precursor, into mice could
maintain NAD+ levels and mitochondrial function (64),
with the mitochondrial function of immunocytes being
essential for controlling virus propagation (65).

A centenarian study revealed that longevity is associated
with gut microbial structures, making individuals more potent
against age-associated disorders and leading to a longer
life (66). The microbiota-targeting probiotic and dietary
interventions affect natural aging by enhancing oxidation
resistance, regulating metabolism, suppressing chronic
inflammation, and promoting immune homeostasis (67).
Immunosenescence may have a certain influence on human
microbial composition, function, and diversity. In addition,
fecal microbiota transplantation or prebiotic/probiotic/
synbiotic supplementation in the diet is beneficial for restoring
active microbiota and extending a healthy lifespan (68).
Thus, there are multiple ongoing developments in this field
to ease the process of aging and reduce the risk of potential
disabilities that could lead to a significant decrease in the

quality of life of elderly individuals.

Effects of the COVID-19 pandemic on the elderly

The COVID-19 pandemic began in late 2019 and has
spread worldwide. At the time of writing this manuscript,
more than 6 million people have died, and nearly 551
million people have been infected, with up to 18 million
active cases worldwide (69). Taking the age group of
18-29 years as a reference, it is reported that the rates of
hospitalization in the 65-74, 75-84, and >85 years old
groups are 5x, 8x, and 10x greater than the reference group
and their corresponding COVID-19 related deaths are 60x,
140x, and 330x that of the reference group, respectively (70).
Thus, these data indicate a very strong correlation between
age and COVID-19 severity and mortality.

When SARS-CoV-2 viruses enter the body, their viral
DNA is detected by immune cells such as macrophages
and DCs, which stimulate inflammasome and lead
to the secretion of cytokines such as IL-6, Monocyte
chemoattractant protein-1 (MCP-1), Macrophage
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inflammatory protein-1 alpha (MIP-1a), TNF-a, and virus-
protective type 1 interferons (71). These directly activate
the innate responses and indirectly guide adaptive responses
to the virus in multiple organs such as the lungs, brain,
intestines, kidneys, etc. Although these responses may have
protective effects against the infection, they might also
lead to the overactivation of inflammasomes, leading to
“cytokine storms”, damage to affected organs, disseminated
intravascular coagulation (DIC), ARDS, multi-organ failure,
and ultimately death.

Older people are at higher risk of developing cytokine
storms due to their vulnerability to mitochondrial
dysfunction, increased oxidative stress, poor nutrition,
restricted activity (especially during frailty syndrome),
and immune dysregulation (72-75); of which the latter
two are important processes of immunosenescence and
inflamm-aging. It has also been reported that increased
inflamm-aging is associated with an increase in COVID-19
susceptibility (76). The functional effectiveness of the
adaptive immune cells depends mainly on their diversity
to recognize antigen receptors, ability to initiate robust
proliferative responses (importantly, the production of large
numbers of relevant lymphocyte clones), and manufacture
of effector and immunoregulatory humoral factors (77).
However, aging lymphocytes (lymphocytes in older people)
have lower effectiveness than those in younger people, and
most older adults have comparatively fewer B and T cells
to respond to proliferative stimulation due to the decreased
output of the thymus with aging and a higher proportion
of non-proliferating lymphocytes in the elderly (78).
Thus, the lower output of important immune organs to
produce timely, viable, and lasting immune responses, the
decreased capability of vital organs in excreting toxins,
and the impairment of old immune cells due to changes
in autophagy, mitophagy, activities of the enzymes in
lysosomes and proteasomes, etc. (79,80), all impair the
functions of immune cells in elderly, significantly affecting
their antiviral capabilities.
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Immunosenescence is potential mechanism to elucidate
poor vaccination response and infectious disease severity
and lethality, however, the clinical data exploring
associations between immunosenescence and vaccination
in the elderly are incomplete. Lack of universally
acknowledged biomarkers to depict the landscape of immune
aging is possible explanation. “Immune risk phenotype”, with
an inverted CD4/CD8 T cell ratio and presence of low grade
inflammation, were used to evaluate immunosenescence (81).
Although it might be prophylactically possible to protect
the aging population from COVID-19, recent studies have
shown that their lower response to vaccines might not
be due to their immune system but rather related to the
composition of the vaccines, as it was shown that modifying
the antigen concentration and adjuvant concentration
and composition in the flu, zoster, and anti-pneumococci
vaccines could increase the response of the elderly immune
system to that similar to obtained in vaccinated young
people (82-85). Thus, further research is needed to fully
determine the optimum compositions of anti-SARS-CoV-2
vaccines to maximize the immune system responses of
elderly adults against the infection.

Conclusions

In conclusion, although immunosenescence is an
unavoidable process of life, the process often differs from
one subject to another. It is one of the multiple underlying
pathogeneses for frailty and is the potential etiology of
muscle aging. Developments in boosting the immune
system and reducing inflammation during aging, such
as through the use of pro-inflammatory cytokines to
counterbalance inflammation and correct the modulation
of immune responses and apoptosis, could allow people
to age without significant disabilities. Thus, based on
the combined literature findings, immunosenescence is
a promising potential therapeutic target for frailty and is
worthy of further investigation (Figure I).
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Figure 1 Developments in boosting the immune system and reducing inflammation during aging, such as through the use of pro-

inflammatory cytokines to counterbalance inflammation and correct the modulation of immune responses and apoptosis, could allow people

to age without significant disabilities.
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