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ARTICLE INFO ABSTRACT

Keywords: Aging is associated with gradual decline in numerous physiological processes, including a reduction in metabolic

Aging functions and immunological system. The circadian rhythm plays a vital role in health, and prolonged clock

Inflammaging disruptions are associated with chronic diseases. The relationships between clock genes, aging, and im-

Immunosenescence munosenescence are not well understood. Inflammation is an immune response triggered in living organisms in

Circadian rhythms . . - ‘. ., .

Clock genes response t.o the danger .assoc1ated. with pathogens an(.i injury. Tl?e term 1nﬂamm:f1g1ng has bAee.n. used to describe
the chronic low-grade-inflammation that develops with advancing age and predicts susceptibility to age-related
pathologies. Equilibrium between pro-and anti-inflammatory cytokines is needed for healthy aging and long-
evity. Sedentary and poor nutrition style life indices a disruption in circadian rhythm promoting an increase in
pro-inflammatory factors or leads for chronic low-grade inflammation. Moreover, signals mediated by pro-in-
flammatory cytokines, such as tumor necrosis factor-alpha and interleukin-6, might accentuate of the muscle loss
during aging. Circadian clock is important to maintain the physiological functions, as maintenance of immune
system. A strategy for imposes rhythmicity in the physiological systems may be adopted of exercise training
routine. The lifelong regular practice of physical exercise decelerates the processes of aging, providing better
quality and prolongation of life. Thus, in this review, we will focus on how aging affects circadian rhythms and
its relationship to inflammatory processes (inflammaging), as well as the role of physical exercise as a regulator
of the circadian rhythm, promoting aging with rhythmicity.

1. Introduction

Aging is characterized by a gradual decline in numerous physiolo-
gical processes, including a reduction in metabolic function [1], in-
crease in fat mass, reduction in lean mass [2], a decline in immune
function leading to increased susceptibility to disease [3], and reduced
cognitive performance [4,5]. Moreover, sleep and circadian rhythm
activity measured under natural environmental conditions showed
significant age-related alterations. Both sleep and activity rhythms be-
come fragmented and attenuated in the elderly. The degeneration of the
circadian timing system likely contributes to the age-related changes in
sleep and the circadian rhythm [6-8].

Circadian rhythms exert control in several biological processes, such
as sleep-wake cycles, body temperature, food intake, secretion of hor-
mones and enzymes, glucose homeostasis, and regulation of the cell
cycle. The control of circadian rhythms is regulated by central and
peripheral clocks [9].

The term circadian rhythm was defined by Halberg et al. in 1959 to

describe the association between the endogenous oscillation of many
physiological factors and the earth's daily rotation [10,11].The circa-
dian rhythm can be controlled by endogenous oscillators, which govern
the rhythmic pattern of several physiological and behavioral functions
[12]. Some environmental cycles adjust the oscillator, which generates
the circadian rhythm, causing it to oscillate with the same cycle period
[13]. The circadian timing system is vulnerable to aging, showing al-
terations with advanced age. The major circadian changes observed in
aging include the reduction of the amplitude and earlier timing of the
phase of daily rhythms. These alterations were observed in sleep-wake
cycles, melatonin production, and body temperature [14].
Furthermore, the immune system exhibits rhythm in the control of
its tasks. The first evidence of rhythmicity in the immune response was
reported in the 1950s and showed that the host defense against pa-
thogens (endotoxin) and mortality were dependent on the time of the
day that the endotoxin was injected in mice [15]. Another study
showed that the complex interactions between biological and physio-
logical rhythms affect the immune response. For example, shift workers
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exhibited an elevated risk in the development of different diseases
characterized by chronic inflammation, such as cancer, cardiovascular
diseases, type 2 diabetes, and obesity [16]. Hence, several researchers
have tried to understand the role of clock genes and the central clock in
innate and adaptive immune systems, and we review this topic below.

Thus, in this review, we focus on the circadian rhythm by aging and
its relationship to inflammatory processes (inflammaging), as well as
the role of physical exercise as a modulator of the circadian rhythm,
promoting aging with rhythmicity.

2. Mechanisms of the circadian rhythm

The circadian rhythm is controlled by circadian clock that are pre-
sent in almost all mammalian tissues. The central clock is located in the
suprachiasmatic nucleus of the hypothalamus (SCN), a small region of
the brain containing 10,000-15,000 neurons [17]. The SCN clock can
operate autonomously without any external input from stimuli but can
be entrained by environmental stimuli, such as light. Clocks outside the
SCN are referred to as peripheral clocks, but they are synchronized by
the central clock to temporally ensure physiological coordination. In
addition, peripheral clocks in liver or skeletal muscle can be synchro-
nized by the availability of metabolites, feeding time, or physical ex-
ercise [18]. Peripheral clocks are present in almost all mammalian
tissues, including the liver, heart, lungs, kidneys, and immune cells, in
which circadian rhythms are maintained [19].

The circadian clock is controlled by interactions between the feed-
backs looping of circadian genes in the nucleus of all cells of the body.
The fundamental mechanism of rhythm maintenance is similar in
central and peripheral clocks [19].

As master regulators, Circadian Locomotor Output Cycles Kaput
(CLOCK) and Brain and Muscle ARNT-like protein 1 (BMAL1) form
heterodimers, which interact to form a transcriptional activator com-
plex that stimulates the transcription of the Period (PER1, PER2, and
PER3) and Cryptochrome (CRYland CRY2) genes (negative feedback).
In turn, CRY and PER form a complex, which acts as the negative arm to
inhibit the transcriptional activity of CLOCK/BMALI1 heterodimers
[17,19,20]. Another regulatory mechanism is induced by the CLOCK/
BMALI heterodimeric complex that activates the transcription of nu-
clear orphan receptors REV-ERBs (a and ) and RORs (a, f, and y
isoforms) [21,22]. REV-ERB and ROR subsequently compete for re-
tinoic acid-related orphan receptor response elements present in the
BMAL1 promoter. ROR activates the transcription of BMAL1 [23-25],
whereas REV-ERB suppresses its transcription [17,19,20]. Thus, the
circadian oscillation of BMAL1 is both positively and negatively regu-
lated by RORs and REV-ERBs [19].

We observe the deregulation on central and peripheral clocks on the
aging that affect directly on quality of life and life expectancy. Thus, we
detailed bellow the consequences of aging on circadian rhythm and the
early aging that may be observed in adults with disruption of circadian
rhythms.

3. Aging and circadian rhythms disruption

The aging process can be characterized as the progressive impair-
ment of homeostasis at genomic, cellular, tissue, and whole organism
levels, which reduces survival and fertility while increasing the risk of
disease and death [23].

The circadian rhythm plays a vital role in health, and prolonged
clock disruptions are associated with negative health consequences.
With advancing age, the circadian system undergoes significant
changes that affect behavioral rhythms, temperature regulation, and
hormones release, and these changes in circadian rhythms are related to
poor quality sleep [14]. These changes in sleep quality and total sleep
time are directly related to higher daytime sleepiness, poorer quality of
life of the elderly, and cognitive impairment [14].

One of the factors observed with advancing age is a change in sleep
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architecture. Studies show that in humans, changes in sleep can begin
in the fourth decade of life, leading to a decrease in total sleep time of
up to 30 min every 10 years [26]. When compared with young adults,
older adults experience more night awakenings, have longer latencies
to fall asleep, and spend less time in stage 3 and rapid eye movement
sleep [14,24].

Aging is related to the declined secretion of hormones, such as
melatonin. Melatonin is a hormone produced by the pineal gland.
During daylight, intense light blocks pineal melatonin production.
However, as light intensity declines with dusk, the retina sends in-
formation through the retino-hypothalamic tract to the SCN in which
this information is transmitted to the pineal gland to initiate melatonin
production and release [25,27]. Melatonin release regulates core body
temperature, promotes sleep onset, modulates the activity of in-
trinsically photosensitive retinal ganglion cells that provide time-
keeping signals to the SCN [14,28], and controls the circadian oscillator
system [29].

Furthermore, a decline in the secretion of melatonin is related to
multiple alterations in the immune system that can be taken to the pro-
inflammatory side [25,30], and studies have shown the relationship
between melatonin and age-associated neuropathologies, such as Alz-
heimer's or Parkinson's disease [25].

In addition, the expression of the clock genes are found beyond of
the central clock (SNC), as in a number of extra-SCN sites in the mouse
brain, including the hippocampus, amygdala and the paraventricular,
arcuate and dorsomedial nucleus of the hypothalamus, therefore the
amplitude and phase of expression in these regions might be altered
with the aging [31,32]. In the SCN, Clock, Bmall and Per2 have been
showed decreases in the rhythm amplitude or its expression levels with
the age advanced [31,33].

As previously discussed, the circadian clock consists of input path-
ways perceived mainly by the SCN and other brain areas; this signaling
via SCN will synchronize peripheral tissues. Similar to the differential
physiological impacts of aging on organ and tissue function, aging also
appears to affect peripheral clocks to several degrees [34].

In peripheral tissue may be disturbance in the oscillations of the
genes that control the circadian clock affected by aging. For example,
the circadian clock regulates many genes involved in the responses to
oxidative stress and cellular redox [35,36], and this mechanism can
changes with aging [37].

Whereas, the aging is characterized by disruption on circadian
rhythms, the opposite is true too. The chronic deraignment on circadian
clock reduces the longevity on Drosophila [38,39]. In humans, the shift-
workers show loss of circadian rhythms and consequently higher risk to
develop metabolic abnormalities and early aging observed by shorter of
leukocytes telomere length [40].

In accordance, the other life habits that they are able to induce the
loss of circadian rhythm and cause the early aging. Obesity is the most
well established risk factor able to induce the early aging. Thus, the
obese young adults with higher insulin concentrations showed telomere
shortening, an important parameter to show the non-chronological age
[41]. Furthermore, when metabolic syndrome was present during the
pregnancy the child showed 14% of reduction on telomere length [42].
Regarding to vascular aging, the obesity accelerate the early vascular
aging in young obese [43,44].

Drugs, in special chemotherapy and radiotherapy are able to induce
shorter of telomere and reduction on activity in fibroblast. The telomere
dysfunction leads to reduction on life expectancy and genomic in-
stability on somatic cell [45]. In this sense, doxorubicin is able to in-
duce early senescence on human cardiac progenitor cells [46].

Moreover, the doxorubicin induces the senescence of mesenchymal
stem cells with reduction on telomere length and activity, and induces
the senescence associated secretory phenotype (SASP) that it is a trigger
to immunesenescence [47]. Our group recently demonstrated that the
doxorubicin treatment in vivo and in vitro disrupt the clock gene ex-
pression with concomitantly immunesupression [48].
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The immune system modifications throw the life cause direct effect
on aging process. Thus we discuss bellow the role of immune system
and the circadian rhythms in aging.

4. Immune system, circadian rhythms and aging

Many parameters of the immune system show rhythmicity, in-
cluding circulating white blood cells, hormones (cortisol and catecho-
lamine), and cytokine production [49]. In humans, the peak of mature
leukocytes (except for effector CD8T lymphocytes) occurs at night,
whereas the secretion of cortisol, catecholamine, and pro-inflammatory
cytokines reaches the maximum concentration during the day [49].

Furthermore, the activity of immune cells is tightly regulated by
circadian rhythms. The response of lipopolysaccharide (LPS) is stronger
at the end of the rest period or beginning of the active period than in the
early rest period [50]. Moreover, recently was demonstrated that the
sepsis causes disruption on circadian rhythms associated with sepsis
severity [51]. In addition, the phagocytosis ability of intraperitoneal
macrophages shows circadian rhythms. Specifically, their phagocytic
activity is enhanced at the end of the rest period in comparison with all
other times of the day [52]. CRY1 and CRY2 double knockout caused
several disturbs on many aspects of immunity and the mice showed
increase on autoimmune diseases [53].

The relationships between clock genes, aging, and im-
munosenescence are not fully clarified, but there is the emergency in
clarify this complex interplay to improve the immunity in elderly.
Monocytes and macrophages show great rhythmicity with a high am-
plitude of clock gene expression [50]. Our group observed that the
control of clock genes in macrophages is very well-controlled [48].

On the past year, we observed the intrinsic pathway between cir-
cadian rhythm, clock gene on the function of group 3 innate lymphoid
cells (ILC3) and gut homeostasis [54,55]. Godinho-Silva and colleagues
showed that conditional depletion of BMAIL1, a master a circadian
activation on hematopoietic cells affected severely the ILC3 causing
hyperinflammation, gut disbiosis and disorder on lipid metabolism, and
the environmental cues as light-dark cycles, feeding schedule and mi-
crobiota impact in clock machinery in ILC3 and consequently on in-
testinal homeostasis [55]. In accordance, the BMAL1 conditional dele-
tion on ROR-y T cells showed the disruption on ILC3 with increased
pro-apoptotic and inflammatory pathways [56]. Noteworthy, that the
gastrointestinal tract show a concentration 400 times higher of mela-
tonin that the pineal gland, what it exemplify the interplay between
circadian clock and gut homeostasis [57]. This may explain the gut
derangement during in the aging process.

The rhythmicity of the immune response in aging is impaired, but
the cause of this is unclear. It was observed that the elderly showed
dysregulation of circadian rhythms in T helper lymphocytes [58].
Furthermore, the neuroendocrine-immune axis lost circadian rhythm
expression in elderly people [59,60]. Another cause of im-
munosenescence can be related with reduction in melatonin secretion
since this hormone is able to induce the production of macrophages,
granulocytes, and lymphocytes [30].

Many alterations are found in the immune system during aging. For
example, humans lose the better response to immunization, with a
decrease in the effectiveness of vaccines and an increase in auto-
immunity diseases and inflammaging (see below) [59].

The role of clock genes in innate immunity is more clear, but few
studies have shown the role of clock genes in adaptive immunity [61].
T-cells express clock genes, and this clock machinery is highly asso-
ciated with cytokine responses [62]. Interestingly, in the last year,
Nobis and colleagues showed that the effectiveness of vaccines is de-
pendent on the time of day. A more pronounced response occurred after
the vaccination in the middle of the day, and the deletion of BMALL1 in
dendritic cells or CD8 lymphocytes abrogated this circadian rhythmi-
city response to vaccination [63].

A perspective very important in this moment, during the COVID-19
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pandemic, it is evaluate the clock genes expression in dendritic cells
and lymphocytes that may explain the impair on vaccination response
making possible that induction of regulation of clock genes expression
in immune cells, so mitigate the effects of immunosenescence on effi-
cacy of vaccination.

The immunosenescence can be better characterized and marked in
cells of the adaptive immune system [64,65]. One of the main changes
in the adaptive immune system is the replacement of naive T and B cells
by memory cells [65,66]. The changes in the aging adaptive immune
system occur in the T cell compartment [67], this increase in the
number of memory T cells and, at the later, that of B cells may be due to
a continuous chronic antigenic stimulation of inflammatory process
[68,69]. Therefore, with advancing age, a deterioration of immunity
can be observed, while some cells remain unchanged or others tend to
have greater activity or hyperactivity [70-72].

Moreover, the immunosenescence should be defined by senescence
phenotype on lymphocytes, with increase on end stage of differentia-
tion of CD4 and CD8 T cells and B lymphocytes, and reduction on naive
circulating lymphocytes. Moreover, the chronological or non-chron-
ological aging present inflammaging that will be discussed in the next
topic.

5. Clock genes deregulation and inflammaging on elderly

Inflammation is an immune response triggered in living organisms
in response to the danger associated with pathogens and injury.
Inflammation may vary over 24 h. For example, in sepsis, inflammation
shows a large diurnal variation [73]. On the other hand, studies have
shown the relationship between clock genes and inflammatory pro-
cesses. For example, CLOCK can directly interact with the p65 subunit
of NF-kB to enhance its transcriptional activity on the promoters of
inflammatory genes [74]. Additionally, the deletion of CRY proteins
augments both basal and inducible inflammatory responses, as CRY1
and CRY2 knockout mice show increased expression of TNF-alpha [75].

However, BMAL1 may promote an anti-inflammatory effect when in
a heterodimer with CLOCK, thus preventing the interaction of CLOCK
with the p65 subunit of NF-kB, and BMAL1 deficiency may result in
chronic inflammation [74]. Moreover, NF-kB activation is under the
control of a feedback loop represented by the clock genes BMAL1/
CLOCK and their transcriptional regulators RORa (positive) and REV-
ERBa (negative). Recently, Zhao et al. (2019) showed that the forced
increased expression of REV-ERBa reduced the secretion of pro-in-
flammatory cytokines induced by LPS via the inhibition of TLR-4-NF-kB
activation [76].

Interestingly, cytokines are able to modify clock genes. TNF-a in
synovial cells culture reduces the expression of PER2 and REV-ERBa
[77]. Moreover, this cytokine increased the expression and association
between BMAL1 and RORa [78]. The underlying mechanisms involved
in the alteration of clock genes after cytokine stimuli are not well un-
derstood, but this is a two-way road.

A balance between pro- and anti-inflammatory cytokines is needed
for healthy aging and longevity. A disruption in circadian rhythm may
alter this balance, favoring an increase in pro-inflammatory factors or
causing chronic low-grade inflammation. In the last two decades, the
term ‘inflammaging’ has been used to describe the chronic low-grade
inflammation that develops with advancing age and predicts suscept-
ibility to age-related pathologies [79].

Chronic inflammation is associated with many age-related physio-
logic or pathophysiologic processes and diseases. Even in healthy aging,
serum concentrations of pro-inflammatory cytokines (IL-18, IL-6, IL-8,
IL-12, IL-15, IL-17, IL-18, TNF-a, and IFN-y) are significantly increased
in comparison with younger individuals [80]. In the same way that the
concentrations of pro-inflammatory cytokines are increased in the el-
derly, anti-inflammatory cytokines are also increased (IL-1Ra, IL-4, and
IL-10) [80]. This balance between pro- and anti-inflammatory cytokines
occurs in an attempt to protect tissues. The imbalance between the
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action of pro- and anti-inflammatory cytokines is related to unhealthy
aging and the development of some age-related pathological conditions
[81].

Other factors that contribute to chronic low-grade inflammation are
physical inactivity/sedentary [82] that contributes for augmented
visceral adipose tissue. The prevalence of physical inactivity and se-
dentarism is quite high in the aging population [83] (see next topic).

The different adipose tissue depots exert impact to inflammation in
aging, and are related to metabolic alterations and immune cell in-
filtration, particularly in visceral adipose tissue. For example, the
macrophages trapped within fat depots are able to release pro-in-
flammatory cytokines, such as IL-6 and TNF-a [84]. Further, a recent
study in mice showed that in the absence of obesity, visceral adipose
tissue possesses a pronounced anti-inflammatory phenotype during
aging, which is further enhanced by exercise [85].

In addition, studies have been proposed that obesity could be con-
sidered an accelerated model of aging. The hallmarks of aging may be
compared with the physiological stresses induced by obesity. This
compare is related cause a range of cellular and whole-body dete-
riorations that maintenance the pathophysiology of adipose tissue ac-
cumulation and dysfunction [65,86,87].

Regarding the clock genes, obesity and inflammation, the ROR fa-
mily (RORa and RORYy) are very important on immunometabolism re-
sponse. RORy, for instance, is essential to T lymphocyte differentiation
on Th17 subset [88]. Moreover, ROR family is very expressed in me-
tabolic peripheral organs (liver, skeletal muscle, kidney and adipose
tissue) and regulates the lipid metabolism, in special de lipogenesis,
triacylglycerol formation and storage and cholesterol metabolism
[89,90]. RORa or RORy knockout mice showed resistance to weight-
gain and metabolic syndrome in high fed diet model, while the obesity
induces the increased of RORa or RORy on liver and adipose tissue
[90]. Moreover, recently, Hams et al. (2020) showed that humans and
mice obese showed raise mRNA expression of RORa. In accordance, the
myeloid cells the specific deletion of RORa on myeloid cells is sufficient
to reduction of inflammation, insulin resistance and weight gain on
high fatty diet fed mice [91].

In summary, the immunosenescence founded in obese and elderly
people show many similarities. The low-grade inflammation, reduction
on anti-viral response and inflammaging are close associated with in-
crease on visceral adiposity that is very common in obese and aging
process. Moreover, the physical inactivity induces the fat accumulation
on visceral adipose tissue. On the other hand, the high physical fitness
induces the reduction and protection against the fat accumulation in
this depot [92]. Thus, the visceral adiposity is in the center of co-
morbidities related with, obesity poor aging (Fig. 1), and physical ac-
tivity is able to delay this process as will be explained in the next topics.

6. Inflammaging and absence of contractile activity/inactivity
physical

The promotion of catabolic signals mediated by pro-inflammatory
cytokines, such as TNF-a and IL-6, induces muscle loss during aging.
Chronic low-grade inflammation is related to low muscle regeneration
capacity through satellite cells in older adults, which contributes to
muscle loss and sarcopenia [93,94].

Nevertheless, when and where the aging-related physiological and
biochemical changes? These questions remain unclear. However, these
dysfunctions, such as changes in circadian rhythm, hormonal changes,
worsening sleep quality, and chronic inflammation associated with a
sedentary lifestyle, contribute to a substantial loss of life quality. In
addition to the factors listed above, including chronic low-grade in-
flammation and hormonal changes, a sedentary lifestyle and the con-
sumption of low-quality food, such as processed foods, also contribute
to sarcopenia [95].

All of these changes are part of the life cycle, but the question is how
to delay these changes as much as possible for prolonged and healthy
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Fig. 1. Aging, obesity and sedentarism have in common the increase in visceral
adipose tissue that can lead to a state of inflammaging and immunosenescence.

aging. International clinical practice guidelines for sarcopenia (ICFSR):
screening, diagnosis, and management published in 2018 recommend
physical activity as the primary treatment of sarcopenia [96].

Clock genes are important in the maintenance of the physiological
functions of skeletal muscle. Approximately 17% of the skeletal muscle
transcriptome shows circadian rhythms, including clock genes, as well
as genes related to metabolism, cell cycle, cytoskeletal organization,
stress response, and differentiation, and the overexpression of CLOCK
caused a significant modification in the pattern of these gene expression
profiles [97]. Moreover, the deletion of BMAL-1 in the whole body or
specifically in skeletal muscle induces early aging with the development
of sarcopenia and reduction in metabolism, oxidative stress responses,
and physical activity [98]. However, it is necessary to elucidate how
clock genes may be related to physical activity and the preservation of
muscle mass in aging.

Physical exercise is associated with a lower rate of developing
chronic diseases, such as cardiovascular disease, type 2 diabetes mel-
litus, sarcopenia, obesity, and others. In addition, lifelong exercise is
related to increased longevity. It is not so recent that studies showed the
relationship between physical exercise and inflammation [99].

In healthy populations, exercise training has been shown to increase
the level of anti-inflammatory cytokines (e.g., IL-10), reduce overall
TNF-a expression, decrease pro-inflammatory adipokines, and reduce
the expression of Toll-like receptors on monocytes and macrophages
[100,101]. Furthermore, a 12-month program of moderate-intensity
physical activity (combination of aerobic, strength, balance, and flex-
ibility exercises, 40-60 min, 3 times/week) results in reduced systemic
concentrations of IL-6 in elderly individuals [102]. However, IL-6 could
be a dual effect, when produced by skeletal muscle during contractile
activity, IL-6 is known by the anti-inflammatory effect. It has been
consistently demonstrated that the plasma concentration of IL-6 in-
creases during exercise. This increase is followed by the appearance of
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Fig. 2. A sedentary lifestyle is related to the accumulation of visceral fat, chronic low-grade inflammation, hormonal dysfunction, worsening sleep quality, skeletal
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IL-1ra and IL-10 the anti-inflammatory cytokine [103-105], and this
anti-inflammatory profile.

Recently, Minuzzi et al. (2019) showed that lifelong training helps
to maintain the balance of pro- and anti-inflammatory cytokines, to-
gether with IL-10 levels close to those found in young adults [106], and
this will be discussed in next section.

7. Exercise as a time-conditioning effector

The lifelong regular practice of physical exercise decelerates the
processes of aging, providing better quality and prolongation of life.
Lifelong exercise is characterized by regular exercise throughout many
years (20 or more).

Interestingly, immunosenescence observed in aging can be en-
hanced by obesity and sedentarism. This can be explained by similar
conditions as the development of chronic low-grade inflammation. The
therapy for react in this situation is increases physical fitness status,
with enrollment of exercise training [65,92]. Thus, lifelong athletes
show decreased inflammaging and immunosenescence [106,107].

Moreover, the age-related dysfunction in muscle is caused, at least
in part, by an increase in inflammatory cytokines observed during in-
flammaging [108]. Thus, the inhibition of pro-inflammatory markers
can help to preserve muscle mass. It is interesting because aging
modified the profile of myokines secreted by skeletal muscle, which
induced defect in the communication between skeletal cells and im-
mune cells and initiated the vicious inflammatory cycle [108].

Minuzzi et al. (2018) showed that maintaining high levels of aerobic
fitness during the natural course of aging may help prevent the accu-
mulation of senescent T-cells [107]. Moreover, lifelong training helps to
maintain the balance of pro- and anti-inflammatory cytokines, together
with IL-10 levels close to those found in young adults [106]. In the

Minuzzi's study, the master athletes trained approximately 4 h per
week, with intensity the training sessions classified as moderate.

Physical exercise is a well-known anti-inflammatory therapy and
induces a “health profile of myokine secretion”. For example, lifelong
participation in exercise training delays the senescence process.
Furthermore, one bout of exercise is able to induce the release of
myokines in the circulation. Lavin et al. showed that in lifelong athletes
who trained in aerobic modality, one bout of resistance training induces
higher anti-inflammatory myokines than in sedentary elderly people.
Thus, this study showed a better adaptive response after one acute bout
of exercise in lifelong athletes [108]. The schedule of exercise training
routine in the Lavin's study show that master athletes trained ap-
proximately ~5 days for week, 7 h per week, with intensity the training
sessions classified as moderate.

The same group of researchers analyzed women with an average age
of 72 who trained in the last 48 years and found that lifelong training
did not benefit type MHC I and Ila muscle fiber size but promoted
adaptations of the contractile function that increased the strength of
type I fibers and preserved the energy of type Ila fibers through dif-
ferent contractile mechanisms [109]. In addition, a greater intensity of
training throughout life provided increased protection against the in-
filtration of adipose tissue in muscle [110].

Another study showed that more than 50 years of aerobic exercise
fully preserved capillarization and aerobic enzymes regardless of in-
tensity and suggested that skeletal muscle metabolic fitness may be
easier to maintain with lifelong aerobic exercise [111]. In addition,
other benefit of lifelong exercise is the reduction in the decline of
maximum oxygen consumption (VO,max). This concept describe show
the subject is able to transfer oxygen from the atmosphere to working
muscles [112]. This is the measure of cardiorespiratory ability, and this
function is severely reduced with aging [113]. However, lifelong



A.A. de Souza Teixeira, et al.

Life Sciences 261 (2020) 118453

Maintenance of
muscle mass.

Maintaining
body weight

Synchronized
circadian clock

Vb
b,

~ -

” ~

. N
. N
’ N

TS

T Sleep quality

Anti / pro -
inflammatory
balance

Better response of
hormonal activity

/

g g |

Fig. 3. Lifelong exercise is related to the maintenance of body weight, the anti/pro-inflammatory balance, better response of hormonal activity, improvement in sleep
quality, maintenance of muscle mass, and maintenance of the circadian rhythm throughout life.

exercise has attenuated the decline in VO,max that is related to aging
[114,115].

Our group has recently found a relationship between the genes that
control the circadian rhythm in EM CD4 + T-cells (but not in EM CD8 +
T-cells) and the production of anti-inflammatory cytokines in in-
dividuals who trained throughout their lives (Teixeira et al. data not
published). Taken together, many scientific evidences suggestion the
exercise as a “Time-conditioning Effector” [116]. News avenues are
open for better understating of the essential role of lifelong exercise as
“the best” synchronizator of clock genes, promoting efficient signaling
between immunological cells, skeletal muscle, brain, adipose tissue,
and others tissue/organs (Figs. 2 and 3).

8. Conclusion

Thus, lifelong exercise prevents an exacerbates of pro-inflammatory
processes, promotes better immune function, prevents the decline in
VO,max related to aging, improves the hormonal profile, and improves
the quality of sleep. Together, this helps to maintain the circadian
rhythm throughout life and can assist in healthy aging, increasing the
quality of life through regular physical exercise. However, the inter-
actions between clock genes as central players of this game should be
proved by molecular and physiological approaches that show the role of
them in the slow aging in lifelong athletes.
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