
Review Article
The Effects of Exercise on Aging-Induced Exaggerated Cytokine
Responses: An Interdisciplinary Discussion

Soontaraporn Huntula ,1 Laddawan Lalert ,2 and Chuchard Punsawad 2,3

1Department of Sport and Exercise Science, School of Medicine, Walailak University, Nakhon Si  ammarat 80160,  ailand
2Department of Medical Science, School of Medicine, Walailak University, Nakhon Si  ammarat 80160,  ailand
3Research Center in Tropical Pathobiology, Walailak University, Nakhon Si  ammarat 80160,  ailand

Correspondence should be addressed to Soontaraporn Huntula; soontaraporn.hu@wu.ac.th

Received 21 July 2021; Accepted 10 January 2022; Published 23 January 2022

Academic Editor: Shahid Husain

Copyright © 2022 Soontaraporn Huntula et al. $is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Aging is generally known to be associated with dynamic biological changes, physiological dysfunction, and environmental and
psychological decline. Several studies have suggested that aging is associated with increased inflammatory cytokines, causing several
diseases. However, the effect of exercise on aging has been less delineated, and the relationships between cytokine activation, aging,
and exercise also need further study. Here, we discuss some ideas about the effect of exercise on aging-induced exaggerated cytokine
responses and discuss the possible roles of the aging-induced exaggerated cytokine response following exercise. Evidence from these
findings suggests that exercise is a beneficially applicable model to use in studies on the mechanisms underlying the age-associated
gradated cytokine response, and these results may provide guidelines for health professionals with diverse backgrounds.

1. Introduction

Cytokines are a group of secreted proteins induced by
specific immune molecular messengers that can regulate and
mediate more than one pathway; many act in feedback loops
to control their own production paradoxically at different
times [1]. However, it seems possible that compared with
other body systems, homeostatic regulation and modulation
of the immune response becomemore fragile and less tightly
focused during increasing age [2]. $e imbalance between
proinflammatory and anti-inflammatory cytokine levels is a
common characteristic of both aging and aging-related
diseases [3]. However, a lack of exercise is one of the reasons
associated with deconditioning, fatigue, onset of disease, and
an increase in inflammatory cytokines [4]. Furthermore,
cytokine and inflammatory activity are increased by aging
[5], whereas exercise can act against all these situations,
although the relationship of these variables is extremely
complex and dependent on several factors [6]. $erefore,
this review aims to examine the relationship of exercise with
cytokine changes in aging. $is review provides guidelines
for health fitness in working with an aging population.

2. Exercise Formulation

Exercise is a physical activity that enhances and maintains
physical fitness. Exercise has both beneficial and harmful
effects on performance cognition, and there seems to be
improvement by engaging in acute exercise at a moderate
intensity. Several studies have suggested that exercise plays a
role in the prevention of some cancers [7] and reduces the
risk of heart disease, hypertension, osteoporosis, obesity,
type II diabetes, osteoarthritis, and abnormal cholesterol
[8, 9]. Moreover, exercise improves overall immune func-
tion, which is important for seniors, as their immune sys-
tems are often compromised [10, 11]. However, to benefit
from exercise, the extent or intensity of exercise for various
life stages is still uncertain.

For the aging population, the risk of exercise needs to be
considered for individual persons with limited factors.
Generally, both warm up and cool down are important
phases to simultaneously increase muscle and functional
range of motion before and after exercise, respectively. With
an aging population that is sedentary, a progressive low-
intensity aerobic exercise program is recommended [12].
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Gradual increases in duration and intensity are encouraged.
In movement activities such as group-led aerobics, there
should be concern regarding suddenmovement changes and
elaboration on choreography that may lead to falls. Some
activities such as running and jogging may unnecessarily
cause stress to the knees and hips; thus, these activities are
not universally recommended for the aging population [13].
Additionally, resistance training programs have demon-
strated some clear and consistent results, showing that el-
derly individuals 67 to 91 years of age can significantly
improve muscular strength, functional mobility, and balance
[14, 15]. Additionally, regarding the cardiovascular and
musculoskeletal systems of the aging population, there
appear to be relatively few contraindications to strength
training [16]. Resistance training may not be encouraged for
some hypertensive individuals due to elevated blood pres-
sure [17]. From the results of the research cited, all types of
exercise are strongly recommended for aging persons, with
consideration of individual factors and limitations.

3. Inflammatory Cytokine Production

Cytokines are a variety of hormone-like polypeptide me-
diators that regulate inflammation and immune responses in
intercellular signaling systems [18]. $ese signaling mole-
cules usually act in an autocrine or paracrine manner to
induce a physiological protective response to initial tissue
injury [19].

Tumor necrosis factor alpha (TNF-α), interleukin 1 beta
(IL-1β), and interleukin 6 (IL-6) are important proin-
flammatory cytokines that are considered the main cyto-
kines in the pathogenesis of sepsis [6, 20]. TNF-α seems to be
the first cytokine released when systemic inflammation is
observed and shows high levels within several hours after the
onset of sepsis, followed by IL-1 and then IL-6 [21]. $ese
proinflammatory cytokines are promoted after acute in-
flammatory responses, such as leukocytosis (neutrophilia),
by inducing chemokines such as IL-8 and monocyte che-
motactic protein- (MCP-) 1 [22]. It is considered a “master
regulator” of the innate immune response based on studies
demonstrating that TNF-α blockade directly influences the
production of a variety of other pro- and anti-inflammatory
factors, such as IL-1, IL-6, IL-8, GM-CSF, and adiponectin
[23]. Furthermore, TNF-α is an inflammatory cytokine that
works together with IL-1β to produce anorexia, induce li-
polysis, and then lead to apoptotic cell death [24]. Moreover,
TNF-α can stimulate IL-6 release, which upregulates protein
degradation. Previous studies have suggested that TNF-α is
involved in age-related neurodegenerative diseases, such as
Alzheimer’s disease (AD). For example, the level of TNF-α in
cerebrospinal fluid is increased 25-fold in AD patients
relative to healthy controls and correlates with clinical de-
cline [25]. In addition, the expression of single-nucleotide
polymorphisms within the promoter region of the TNF-α
gene increased the risk for AD [26].

IL-6 is an important cytokine that is correlated with the
aging process, which leads to muscle decrease and loss of
bone mass [27]. IL-6 is released from macrophages and
T lymphocytes. Both TNF-α and interleukin 1 beta (IL-1β)

promote the vigorous release of IL-6, whereas IL-6 can be
released in a feedback mechanism to degrade the receptors
for and the release of TNF-α and IL-1β, yielding an anti-
inflammatory effect [28]. In the aging population, pro-
gressive IL-6 release has been shown to have cross-effects
associated with muscle, strength, performance, and balance
[29]. In addition, most studies have focused on IL-6, which
plays an important role in a wide range of immunological,
inflammatory, and metabolic functions [30, 31]. However,
the concentration of IL-6 seems to be increased by the in-
cidence of age-related diseases [32]. Herein, the exacerbated
production of IL-6 is associated with age-related diseases,
suggesting that IL-6 plays a pathogenetic role in age-related
diseases such as osteoporosis, AD, multiple myeloma, or
atherosclerosis [30].

IL-1β is generally known as a proinflammatory cytokine.
$e action of this cytokine not only activates its own release
but can also induce TNF-α. IL-2 activation by stimulating T
helper cells promotes tissue inflammatory activity [6].
Moreover, IL-1β can be argued to both stimulate the cascade
of inflammatory functions and trigger increased amyloid
protein in the development of AD [33].

In summary, inflammatory cytokines are activated and
enhanced due to aging-related conditions associated with
several diseases in the aging population, such as cognitive
decline, loss of muscle, osteoporosis, and immune dys-
function. $e roles of anti-inflammatory cytokines are very
interesting issues to be addressed in this regard.

4. The Roles of Cytokines in Aging Diseases

Cytokine dysregulation is believed to play a key role in the
remodeling of the immune system at older age, which seems
to be a marker of unsuccessful aging. Neuroinflammation is
increasingly implicated in age-related neurodegenerative
diseases, with a progressive tendency toward a proin-
flammatory phenotype called “inflammaging,” such as AD
and Parkinson’s disease (PD). Here, we discuss the major
age-related diseases that appear to contribute to immune
imbalance and cytokine dysregulation, which is associated
with “inflammaging” or para-inflammation.

4.1. Alzheimer’s Diseases. Alzheimer’s disease (AD) is the
most common neurodegenerative disorder, and its neuro-
pathological hallmarks are β-amyloid (Aβ) plaques and
neurofibrillary tangles [34]. $e inflammatory process has a
fundamental role in the pathogenesis of AD and is related to
AD neuroinflammation, including brain cells, such as
microglia and astrocytes, the complement system, cytokines,
and chemokines. An important factor in the onset of the
inflammatory process is the overexpression of IL-1, which
produces many reactions in a vicious cycle, leading to
dysfunction and neuronal death [35]. Other important cy-
tokines in neuroinflammation are IL-6 and TNF-α influ-
encing the surrounding brain tissue by activated microglia,
which may play a potentially detrimental role by eliciting the
expression of proinflammatory cytokines. Microglia acti-
vated by lipopolysaccharide (LPS), IFN-α, or TNF-α are
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considered to be the “M1” (“classically activated”) form of
microglial cells. M1-skewed microglial activation plays a
vital role in the defense against pathogens and tumor cells by
producing proinflammatory cytokines, such as IL-1β, TNF-
α, STAT3, IL-6, IL-12, and IL-23, and free radicals, such as
reactive oxygen species (ROS) [36]. Conversely, the alter-
native M2 anti-inflammatory phenotype promotes tissue
repair and angiogenesis by releasing high levels of anti-in-
flammatory cytokines such as IL-10, IL-4, IL-13, and TGF-β
and low levels of proinflammatory cytokines [37].

4.2. Parkinson’s Diseases. Parkinson’s disease (PD) is one of
themost common neurodegenerative diseases of aging in the
world. PD is the second most common neurodegenerative
syndrome after AD, affecting 1-2% of the population aged 60
years [38]. Clinical research has revealed that neuro-
inflammation may play an important role in the death of
dopaminergic neurons in the substantia nigra, which is the
pathological hallmark of PD [39, 40]. Cytokines, including
IL-1, IL-6, IL-10, IFN-c, transforming growth factor- (TGF-)
β, and TNF-α, are the most investigated cytokines for PD.
Previous studies found that the expression of TNF-α was
higher in the striatum and substantia nigra of 6-OHDA-
induced PD model rats than in control rats, which links the
substantia nigra and the striatum. TNF-α expression was
upregulated, which was accompanied by microglial activa-
tion [41]. Furthermore, IL-1 is a cytokine that is described as
an inflammatory factor and neurotoxic mediator. $e se-
cretion of IL-1β has a similar proinflammatory effect, which
can be reversed by specific IL-1 inhibition. An IL-1 receptor
antagonist significantly attenuates the augmented loss of DA
neurons caused by lipopolysaccharide (LPS) or 6-OHDA-
induced sensitization to DA degeneration [42]. In addition,
IL-6 is a common proinflammatory cytokine; however, it is
not clear whether IL-6 also has a significant role in PD.
Scalzo et al. found that serum levels of IL-6 were markedly
increased in patients with PD and that PD patients who
exhibited higher serum levels of IL-6 demonstrated a re-
duced gait speed, more problems in performing tasks that
required postural changes and reduced base support, indi-
cating that IL-6 may be associated with motion function in
patients with PD [43].

4.3. Multiple Sclerosis. Multiple sclerosis (MS) is an auto-
immune-associated human central nervous system (CNS)
disorder. $e pathogenesis of the human demyelinating
disorder MS is a key facet that predominates despite con-
jecture over the precise involvement of the disease [44],
which involves the loss of immune tolerance to self-neu-
roantigens. Moreover, evidence verified a prematurely aged
immune system that may change the frequency and profile
of MS through an altered decline in immune tolerance.
Immune aging is closely linked to chronic systemic sub-
optimal inflammation, termed inflammaging (IFA), which
disrupts the efficiency of immune tolerance by varying the
dynamics of immunosenescence (ISC), which includes
accelerated changes to the immune system over time [45]. In
particular and fundamentally, there is a primary breakdown

of peripheral T cell tolerance to myelin-associated antigens
preceding an enduring, immune cell-driven inflammatory
pathology that is responsible for the characteristic demye-
lination, and neurodegeneration that causes gradual and
varying disability [46–48]. However, a decline in immune
tolerance coupled with the consequences of an aging im-
mune system will have a cumulative and enduring effect on
the development and progression of diseases with an au-
toimmune etiology. In addition, MS has an emerging,
progressive, and distinctive pathophysiology with typical
clinical profiles that allows ultimate diagnosis of a neuro-
degenerative CNS disease [49].

5. Cytokine Changes That Occur with Aging

It is now established that cytokines are an essential part of
pathophysiology. It is well known that the symptoms and
recovery from illness caused by brain damage and infections
become more severe [19]. Several cytokine categories have
been discovered, including chemokines, lymphokines, in-
terleukins (ILs), interferons (IFNs), transforming growth
factor (TGF), and tumor necrosis factor (TNF). Proin-
flammatory cytokine production is an initial active process
that is followed by anti-inflammatory cytokine activation
[50]. Furthermore, cytokine dysfunction is considered to
play a vital role in the immune system during the aging
period, with evidence suggesting an inability to control the
inflammatory system, which seems to be a key point of
unsuccessful aging [3]. Both age-related and low-grade in-
flammation have been associated with the aging process by
exaggerating or enhancing proinflammatory cytokines [51].
In aging, the release of proinflammatory cytokines, such as
IL1, IL6, and TNF-α, activates peripheral blood mononu-
clear cells (compared with those in young individuals) by
upregulating the proinflammatory cytokine response.

$ese age-associated changes are speculated to be related
to the exacerbated cytokine response [52]. In biological
systems, aging has numerous impacts on molecular and
cellular damage over time. $ese impacts lead to a decrease
in physical activity and mental health, an increased risk of
several diseases, and death. Aging can be defined as a general
loss of physical activity that involves the interaction of both
physiological and behavioral factors. It is widely acknowl-
edged that aging is associated with body function and ac-
tivity losses rather than gains [53]. Generally, when people
grow older, many chronic and systemic diseases, such as
cardiovascular diseases, diabetes type 2, cancerous tumors,
pulmonary disease, musculoskeletal diseases, falls, and
neurological and cognitive dysfunction, could plausibly
develop [54]. As a result, aging is associated with an increase
in inflammatory activity, whereas the plasma concentrations
of proinflammatory cytokines are very low in healthy in-
dividuals, corresponding to the general concept that aging
induces enhanced neuroinflammation [5]. In a previous
study, we also found that in primary culture, aging
microglial M1 transition (neuroinflammatory M1 microglia)
was increased, but the M2 transition (neuroprotective M2
microglia) was diminished by aging, confirming the general
sense that aging induces neuroinflammation. Primary
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cultures of microglial cells from aged mice tend to adopt an
M1 activation phenotype, whereas IL-4-induced Arg1 ex-
pression is attenuated in the microglia of aged mice [55].
$us, aging is associated with prolonged inflammatory
phenomena and has also been an important factor in the
pathogenesis of age-related diseases. Accordingly, further
studies of aging microglia are important for a better un-
derstanding of the roles, phenotype, and gene expression in
both aging and neurodegenerative diseases.

6. Benefits of Exercise for Aging

As mentioned above, aging has been found to be correlated
with a prolonged inflammatory response and is a key factor
in the pathogenesis of age-related diseases. Aging is asso-
ciated with various negative outcomes, including cognition,
falls, fear of falling, hospitalization, increased healthcare
utilization, polypharmacy, and mortality [56]. $ere are
clearly many benefits that could be gained from exercise. A
previous study suggested that exercise is generally believed
to enhance and maintain physical fitness and overall health
and wellness (including cardiovascular disease, neuro-
psychological function, osteoporosis, glucose metabolism,
diabetes, and functional ability) and reduce the risk of heart
disease and osteoarthritis [57–59]. Additionally, exercise has
underlying effects on cognition and behavior involving
neuronal structure and responsiveness in juvenile and adult
animals. For example, enhanced long-term potentiation in
exercising adult Sprague–Dawley rats has been correlated
with increasedmRNA expression of the NR2B subunit of the
N-methyl-D-aspartate receptor in the dentate gyrus, which
may cause enhanced learning ability due to exercise [60].
Moreover, the resistance training program applied to an
elderly population for six months showed a tendency to
reduce the frequency of cells with micronuclei (∼15%) and
the total number of micronuclei (∼20%), leading to im-
proved resistance against genomic instability [61]. $ese
findings suggested that exercise decelerates the aging process
in individuals, which decreases the risk of moderate or
severe functional limitations in aging societies.

Moreover, IL-6 is produced in larger amounts than any
other cytokine in relation to exercise. Kohut and colleagues
suggested that IL-6 increases in the generation of the acute
phase response after exercise for 45min. Increased levels of
IL-6 and IL-18 were found immediately after an aerobic
exercise class at up to 65–80% VO2 max for 3 days per week
but not after flexibility/resistance exercise [62]. On the
walking at the rate of perceived exertion (RPE) scale, the IL-6
level in blood has been shown to be significantly decreased
for 150min per week after walking exercise at RPE 12-13 and
resistance training at RPE 15-16 [63].

6.1. Benefits of Exercise for Cardiovascular Disease and
Hypertension on Aging. Previous research has provided
evidence of the development of the major risk factors for
age-related diseases, including cardiovascular disease,
obesity, diabetes, and hypertension [64]. $e high
prevalence of both cardiovascular disease and hypertension

in modern industrialized societies imposes a considerable
public health problem [65]. However, hypertension is a
major and serious health problem that increases the risk of
coronary heart disease [66].

Cardiovascular disease is the leading cause of death
among elderly individuals. Aging is an inevitable part of life
and the largest risk factor for cardiovascular disease and is
associated with a steady decline in physiological processes.
$is leads to an increased risk of health complications and
disease by delivering oxygenated blood to all tissues in the
body. Aging has a profound effect on the heart and blood
vessels, which leads to an increase in cardiovascular disease
[67]. However, regular exercise can improve cardiovascular
health by affecting the coagulation of blood in the blood
vessels. It can reduce cardiovascular disease risk factors by
stimulating the environment by being anti-inflammatory
(through the release of myokines coming from the muscle),
promoting the regeneration of the heart muscle, and alle-
viating age-related loss of muscle mass and strength [68].
Regular exercise resulted in a slower decrease in peak oxygen
uptake, better left ventricular and diastolic function, and
decreased arterial stiffness. $e ability to predict cardio-
vascular risk factors in young and middle-aged adults de-
clines with advancing age. Factors in the elderly remained
helpful. Exercise training in both the normal and hyper-
tensive groups between the ages of 60 and 79 was shown to
decrease systolic and diastolic blood pressure down from 6
to 9mmHg. A small number of intervention studies suggest
that exercise results in a slight increase in high-density li-
poprotein (HDL) cholesterol (4% to 9%) without a signif-
icant change in HDL cholesterol. [69].

Hypertension is a chronic inflammatory state and a
major risk factor for cardiovascular diseases. Previous
studies suggested that proinflammatory cytokines such as
TNF-α and IL-1β were increased within the hypothalamic
paraventricular nucleus of spontaneously hypertensive rats
[70], leading to the development of hypertension symp-
toms [71]. Physical inactivity has been shown to be asso-
ciated with hypertension in epidemiologic studies [72];
hence, physical activity has been recommended in the
prevention and treatment of hypertension [73]. Recently,
exercise and physical activities have been reported to be
beneficial for patients suffering from hypertension [74]. In
vivo studies, the effect of exercise training on the pro-
duction of proinflammatory cytokines and the anti-in-
flammatory cytokines TNF-α, IL-1β, IL-6, IL-10, and
monocyte chemokine protein-1 (MCP-1) was measured in
the hypothalamic paraventricular nucleus. $e hypotha-
lamic paraventricular nucleus levels of TNF-α, IL-1β, IL-6,
and MCP-1 were higher than those in Wistar-Kyoto rats.
Hence, exercise training reduced the hypothalamic para-
ventricular nucleus levels of TNF-α, IL-1β, IL-6, and MCP-
1 in spontaneously hypertensive rats. Exercise training
restored the balance between pro- and anti-inflammatory
cytokines in the hypothalamic paraventricular nucleus of
spontaneously hypertensive rats [75]. Moreover, many
studies have provided evidence that resting systolic and
diastolic blood pressures can be reduced from 10.8 to
8.2mmHg, respectively, in mild hypertension patients
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Table 1: Observational studies of the relationship between exercise and inflammatory cytokines in aging.

Age (years) Exercise/physical activity Inflammatory
markers References

74.3± 2.7 Moderate or strenuous activity (hand-grip strength, chair stands, and gait
speed)

↓ CRP,
↓ IL-6

D.R. Taaffe et al. 2000
[80]

70–79 years
old

Recreational activity, house/yard work activity, work activity, and total
physical activity

↓ CRP,
↓ IL-6

D. B. Reuben et al.
2003 [81]

40–75 years
old Metabolic equivalent-hours (MET-hours) method

↓ sTNF-R1,
↓ sTNF-R2,
↓ IL-6,
↓ CRP

T. Pischon et al. 2003
[82]

70–79 years
old

Physical activity questionnaire (MET-hours/weeks) physical activity from the
following categories (housework, stair climbing, walking for exercise, other

types of walking, aerobics/calisthenics, weight training, high-intensity
exercises, moderate-intensity exercises, or work/volunteer/caregiving

activities)

↓ CRP,
↓ IL-6,
↓ TNF-α

L. H. Colbert et al.
2004 [83]

48± 12 Physical activity (MET-hour/weeks)

↓ CRP,
↓ WBC count,
↓ TNF-α,
↓ IL-6

C. Pitsavos et al. 2004
[84]

63± 10 Maximal exercise testing on a motor-driven treadmill or an electrically
braked supine bicycle ↓ CRP K. Rahimi et al. 2005

[85]

70.3± 4.1
69.8± 5.5

Aerobic exercise treatment (cardio) or a flexibility/strength exercise
treatment (flex) 3 days/week, 45min/day for 10 months

↓ IL-18,
↓ IL-6,
↓ CRP

M. L. Kohut et al.
2006 [62]

18–65 years
old

Physical activity test performed on a modified Monark cycle ergometer with
6min workloads, each separated by a 1min rest

↓ CRP,
↓ TNF-α,
↔ IL-6,
↔ adiponectin

B. J. Arsenault et al.
2009 [86]

76.4± 4.1
77.0± 4.4

Walking for 150min per week at RPE 12–13 and resistance training at RPE
15-16

↓ IL-8,
↔ TNF-α,
↔ sTNFr I,
↔ sTNFr II,
↔ IL-6sR,
↔ IL-1sRII,
↔ IL-1ra

K. M. Beavers et al.
2010 [87]

>50 years old
70% of one maximum repetition (1 RM) or less was classified as moderate
intensity, while activities requiring over 70% of 1 RM were classified as

vigorous intensity

↓ CRP,
↓ IL-6,
↔ TNF-α

A. V. Sardeli et al.
2018 [88]

Notes: ↓ refers to significant decreased;↔ refers to no change. CRP, C-reactive protein (CRP); IL-6, interleukin 6; sTNF-R1, soluble tumor necrosis factor
receptor 1; sTNF-R2, soluble tumor necrosis factor receptor 2; TNFα, tumor necrosis factor alpha; WBC count, white blood cell count; IL-18, interleukin 18;
sTNFr I, soluble tumor necrosis factor receptor 1; sTNFr II, soluble tumor necrosis factor receptor 2; IL-6sR, soluble interleukin 6 receptor; IL-1sRII, soluble
interleukin 1 receptor 2; IL-1ra, interleukin 1 receptor antagonist.

Table 2: Observational studies of the beneficial effects of exercise on cardiovascular disease and hypertension in different age populations.

Age (years) Aging effects Exercise/physical activity
Beneficial of

exercise/Physical
activity

References

Cardiovascular disease

64± 7.1 (coronary heart disease
patient)

↑ CRP
↑HDL

cholesterol
↑ LDL

cholesterol
↑

Triglycerides

12-week aerobic exercise training program
at 70–80% of individual maximal heart rate
(continuous exercise on treadmill,
stationary bicycle, arm bicycle, rowing
machine, or a combination of these
activities for 40min/time)

↓ CRP
↓ HDL cholesterol
↓ LDL cholesterol
↓ Triglycerides

E. Goldhammer
et al. 2005 [89]
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when they perform physical activity [76]. Hence, high levels
of physical fitness can reduce blood pressure among men
and women [77, 78]. Brandon and colleagues reported the
effects of a 4-month strength training program on strength
and blood pressure in aging. $e results revealed that
systolic blood pressure remained unchanged, whereas
mean arterial blood pressure and diastolic blood pressure
decreased by 2.4 and 3mmHg, respectively.$us, moderate
intensity strength training greatly improved strength in
older adults and had no adverse effect on blood pressure

responses [79]. $us, exercise is strongly recommended for
aging for several reasons, such as increasing muscle mass
and reducing the risk of diseases. Importantly, a decrease in
inflammatory cytokines exerts an anti-inflammatory effect
and the beneficial effects of exercise on cardiovascular
disease and hypertension in different age populations, as
mentioned in Tables 1 and 2. However, the effects of ex-
ercise vary depending on the intensity, frequency, and
duration of exercise or physical activity. $e individual’s
characteristics need to be of concern, especially aging

Table 2: Continued.

Age (years) Aging effects Exercise/physical activity
Beneficial of

exercise/Physical
activity

References

45.44± 11.26 (heart failure
patient)

↑ IL-6
↑ sTNFR1

3–7-day interval with
(1) moderate-intensity walk, with 60% of
the peak heart rate achieved at the CPET in
30min (M30)
(2) low-intensity walk, with 40% of the peak
heart rate achieved at the CPET heart rate
corresponding to 40% of VO2 peak in
30min (L30)

↓ IL-6 (1 h after
exercise for L30)
↓ sTNFR1 (1 h
after exercise for

M30)

G. A. Ribeiro-
Samona et al. 2017

[90]

>18 years old (cardiovascular
disease)

↔ IL-1β
↑ IL-6
↑ TNF-α
↔ IL-8
↑ IL-25
↑ Adam17

Five daily sessions of cycling for 3 weeks
Each session was performed at 70% HRmax
for at least 30 minutes (the sessions
duration increased by ten minutes every
three days, up to 50 minutes twice a day)

↔ IL-1β
↓ IL-6
↓ TNF-α
↔ IL-8
↓ IL-25
↓ ADAM17

V. Racca et al. 2020
[91]

Hypertension

67.8± 4.3 (aerobic group, AG)
67.8± 5.2 (resistance and aerobic
group, RAG) 69.9± 5.5 (control
group, CG) (hypertension)

↑ IL-6
↑ TNF-α

Training lasted 10 weeks, with sessions held
three times a week
(AG: treadmill test with 50–70% VO2max)

(RAG: trained with intensities of 50–60%
1RM;
(1) leg press 45°,
(2) chest press,
(3) leg extension,
(4) lat pull down,
(5) leg curl,
(6) pulley upright row,
(7) seated calf raise,
(8) machine seated row,
(9) abdominal crunches)

↓ IL-6 (AG, RAG)
↓ TNF-α (RAG)

L. G. Lima et al.
2015 [92]

76.8± 4.7 ↑ GDF-15 6-minute walk distance over 12 months ↓ GDF-15 M. Barma et al.
2017 [93]

52.3± 7.1 (no hypertension)
55.2± 8.5 (hypertension)

↑ NO
↑ IL-6
↑ TNF

Exercise intensity was measured by a heart
rate monitor and maintained in a low-
intensity range (50% and 70% of HRmax) for
40min (upper + lower limbs)

↓ NO
↓ IL-6
↓ TNF

L. A. Da silva et al.
2018 [94]

22–70 years old (hypertension)

↑ SBP
↑ DBP
↔ TNF
↔ ICAM1
↑ EDN1
↑ NOS2

4 physical activity training sessions of
40min a week (bike or jogging)

↓ SBP
↓ DBP
↔ TNF
↔ ICAM1
↓ EDN1
↓ NOS2

L. Ferrari et al. 2019
[95]

Notes: ↓ refers to significant decreased; ↑ refers to significant increased;↔ refers to no change. CRP, C-reactive protein (CRP); HDL, high-density lipoprotein;
LDL, low-density lipoprotein; IL-6, interleukin 6; sTNFR1, soluble tumor necrosis factor receptor 1; IL-1β, interleukin 1 beta; TNFα, tumor necrosis factor
alpha; IL-8, interleukin 8; IL-25, interleukin 25; Adam17, A disintegrin and metalloprotease 17; SBP, systolic blood pressure; DBP, diastolic blood pressure;
ICAM1, intercellular adhesion molecule 1; EDN1, endothelin 1; NOS2, nitric oxide synthase 2; NO, nitric oxide; GDF-15, growth/differentiation factor-15.
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population. Additionally, we have provided the deleterious
of exercise or physical activity on cytokine in different age
populations in Table 3. $is information may provide
guidelines for exercise or physical activity with diverse
backgrounds.

7. Conclusion

Exercise can moderate cytokine production in aging. In the
aging population, exercise has been demonstrated to prevent
disease, lower the risk of falls, improve mental health and
well-being, strengthen social ties, and improve cognitive
function. Many studies have reported lower levels of in-
flammatory cytokines in the active aging population than in
the inactive aging population. However, insight into both
what does or does not work regarding exercise on aging-
induced exaggerated cytokine responses is not sufficient at
present, andmore research is necessary regardless of positive
or negative results. $ese findings may not only help to
reduce illness and promote recovery but also lead to new
studies elucidating the defenses against stress and infection
in the aging population.
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