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Sarcopenic obesity is defined as a multifactorial disease in aging with decreased body
muscle, decreased muscle strength, decreased independence, increased fat mass, due
to decreased physical activity, changes in adipokines and myokines, and decreased
satellite cells. People with sarcopenic obesity cause harmful changes in myokines and
adipokines. These changes are due to a decrease interleukin-10 (IL-10), interleukin-15 (IL-
15), insulin-like growth factor hormone (IGF-1), irisin, leukemia inhibitory factor (LIF),
fibroblast growth factor-21 (FGF-21), adiponectin, and apelin. While factors such as
myostatin, leptin, interleukin-6 (IL-6), interleukin-8 (IL-8), and resistin increase. The
consequences of these changes are an increase in inflammatory factors, increased
degradation of muscle proteins, increased fat mass, and decreased muscle tissue,
which exacerbates sarcopenia obesity. In contrast, exercise, especially strength
training, reverses this process, which includes increasing muscle protein synthesis,
increasing myogenesis, increasing mitochondrial biogenesis, increasing brown fat,
reducing white fat, reducing inflammatory factors, and reducing muscle atrophy. Since
some people with chronic diseases are not able to do high-intensity strength training,
exercises with blood flow restriction (BFR) are newly recommended. Numerous studies
have shown that low-intensity BFR training produces the same increase in hypertrophy
and muscle strength such as high-intensity strength training. Therefore, it seems that
exercise interventions with BFR can be an effective way to prevent the exacerbation of
sarcopenia obesity. However, due to limited studies on adipokines and exercises with
BFR in people with sarcopenic obesity, more research is needed.

Keywords: sarcopenia, obesity, exercise, myokines, adipokines
Abbreviations:mtDNA, mitochondrial DNA; ROS, reactive oxygen species; IL-6, interleukin-6; TNF-a, tumor necrosis factor
a; CRP, C-reactive protein; insulin-like growth factor (IGF-1), FGF-21, fibroblast growth factor-21; ActRIIB , active type IIB
receptor; MEF2, myocyte-specific enhancer factor; MyoD, myoblast-determining protein; p38MAPK mitogen-dependent
pathogen p38; FOXO, Forkhead box O; MAFbx, muscle atrophy F-box; MURF-1, muscle RING finger 1; MUSA1, Muscle
ubiquitin ligase of SCF complex in atrophy-1; SMART, specific for muscle atrophy and regulated by transcription; PMAT,
perimuscular adipose tissue; PKB, Protein kinase B; JNK, c-Jun N-terminal kinases; PI3K, phosphatidylinositol 3-kinase;
MGF, mechanical growth factor; FNDC5, fibronectin type-III domain containing protein 5; UCP1, uncoupling protein 1; LIF,
Leukemia Inhibitory Factor; SCs, satellite cells; LPS, lipopolysaccharide; LepR, leptin receptor; JAK2, tyrosine kinase Janus
kinase 2; BMI, body mass index; MMI, muscle mass index; adipoR1 and adipoR2,adiponectin 1 and 2 receptors; HIIT, high-
intensity interval training; RET, Resistance exercise; BFR blood flow Restriction; HIF-1a, hypoxia-inducing factor; bFGF, basal
fibroblast growth factor; TGF, transformer growth factor; MGF, mechanical growth factor; NF-KB, kappa B nuclear factor.
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INTRODUCTION

After the fifth decade of life, several changes in the body
accelerate, including decreased mobility, increased muscle
weakness, decreased muscle strength, increased adipose tissue,
increased risk of falling and increased bone fragility, these factors
are known as sarcopenia (1). In addition, some people with
sarcopenia suffer from obesity called sarcopenic obesity because
they are high in fat and low in muscle mass. There is evidence
that sarcopenic obesity is associated with higher levels of
metabolic diseases and increased mortality compared to
obesity or sarcopenia alone (2). This phenomenon has much
worse health consequences than people with only one disorder
(3). More than 50 million people worldwide suffer from
sarcopenia, and it is estimated that more than 200 million
older people will be affected in the next 40 years. Annual
skeletal muscle loss appears to be approximately 0.1-0.5% from
age 30 but increases dramatically after age 65 (1). Sarcopenia is a
multifactorial disease, which numerous studies have accepted
many factors for sarcopenia, including decreased physical
activity, reduced food intake, mitochondrial defects, increased
chronic inflammation, increased proteolytic activity, decreased
alpha nerve cells, hormonal disorders, decreased bone density,
changes in adipokines and myokines, increased adipose tissue
and decreased satellite cells (1). Among these factors may be
decreased physical activity and reduced food intake as precursors
of protein degradation that may exacerbate sarcopenia obesity.

Between the ages of 40 and 50, bone density slowly decreases
by about 1-1.5 percent per year, muscle mass by about 1.5-2
percent per year, and muscle strength by about 2.5-3 percent per
year (4). In addition, sarcopenia leads to mitochondrial DNA
(mtDNA) mutations, increased release of reactive oxygen species
(ROS), increased pro-inflammatory agents such as interleukin-6
(IL-6), and tumor necrosis factor-a (TNF-a), interleukin-1 (IL-
1), as well as C-reactive protein (CRP) (1). Increased
inflammation leads to the activation of protein degradation
signals such as forkhead box O (FOXO), kappa B nuclear
factor (NF-KB), and the ubiquitin-proteasome system in
skeletal muscle, which is involved in the pathogenesis of
sarcopenia (1, 5). These events appear to affect myokines that
are effective in sarcopenic obesity such as IL-6, IL-10, IL-15,
myostatin, insulin-like growth factor (IGF-1), irisin, and
fibroblast growth factor-21 (FGF-21).

Decreased activity and increased caloric intake lead to adipose
tissue hypertrophy, absorption of immune cells (macrophages),
increase in cytokines such as TNF-a, IL-1b, and IL-6, and
increase in inflammatory adipokines. These events cause
muscle atrophy by increasing apoptosis (4, 6). Anatomically
and physiologically, muscle and fat tissue are interconnected
and play a key role in human metabolism. like the endocrine
system, two organs communicate through myokines (derived
from myocytes) and adipokines (derived from adipocytes) (4).
Studies have reported direct adverse effects of adipokines on the
myogenesis of human skeletal muscle myocytes, especially
myocytes in the elderly. Anti-myogenic adipokines have
inflammation effects that increase in obese people (1).
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Impaired regulation of adipokines is associated with
sarcopenia. Increased adipose tissue mass in sarcopenic obesity
is associated with major adipokines alterations such as leptin and
adiponectin, and a high resistin/IGF-1 ratio (1). In addition,
decreased muscle mass, increased fat mass, especially visceral fat,
may lead to cardiovascular disease, increased insulin resistance,
osteoporosis, atherosclerosis, nerve damage, and tumor
growth (6).

Therapeutic interventions available for sarcopenic obesity
include gene therapy, dietary supplements, physical activity,
especially resistance training, anabolic hormones, and
antioxidants (7). Exercise seems to be one of the best
treatment options for sarcopenic obesity. For example,
resistance training has been shown to affect body composition
and physical function in patients with sarcopenic obesity and can
be used to prevent muscle mass loss and physical problems in the
elderly with sarcopenic obesity (8). Other studies on sarcopenia
have reported that people aged 90 to 99 can increase their muscle
strength by about 174%, their walking speed by about 48% with
eight weeks of high-intensity progressive resistance training (9).
In addition, after exercise intervention, sarcopenic obesity
biomarkers such as weight loss and lean mass gain improved
in the exercise group (10). A combination of resistance and
aerobic exercise has also been reported to effectively reduce
sarcopenic obesity and related biomarkers (8, 10, 11). Another
study reported that after 24 sessions of resistance training with
blood flow restriction (BFR), a 12% increase in muscle cross-
section and an 8% increase in lateral extensor muscle thickness
were observed in 90-year-olds. Finally, the researchers identified
resistance training with BFR as an effective strategy for
improving muscle mass and quality of life (12). In this study,
we intend to investigate the effects of sarcopenic obesity and
exercise on the mechanisms of myocytes and adipocytes. In the
present study, we consider the main myokines and adipokines to
find exercise mechanisms to combat sarcopenic obesity. Finally,
this study is aimed to evaluate the effectiveness of exercise
therapy for people with sarcopenic obesity.
MYOKINES AFFECTING SARCOPENIC
OBESITY

There is evidence that muscle-derivedmyokines play an important
role in regulating muscle mass and function. Myokines
abnormalities may underlie the pathogenesis of age-related
diseases, including obesity, sarcopenia, and sarcopenic obesity
(13). Myokines act as a mediator between skeletal muscle and
other tissues (13). Myokines signaling pathways cause
proliferation and differentiation of muscle cells, muscle atrophy,
increased mitochondrial function, decreased inflammation, and
metabolic homeostasis. These biological changes ultimately have a
significant effect on muscle mass and physical function (13).
Myokines affecting sarcopenic obesity include IL-6, IL-10, IL-15,
myostatin, insulin-like growth factor (IGF-1), irisin, FGF-21, and
leukemia inhibitory factor (LIF) (13).
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INTERLEUKINS

Interleukin-6 (IL-6) is secreted from both myocyte and
adipocyte. IL-6, as a myokine, has a positive effect on skeletal
muscle hypertrophy by regulating satellite cells (13). IL-6 also
stimulates anti-inflammatory cytokines such as IL-10 and
inhibits TNF-a pathway (6). In adipocytes of obese people, IL-
6, as an adipokine, increase and is associated with obesity,
inactivity, and inflammation (13). The constant increase in IL-
6 level in adipose tissue regulates the activation of NF-KB
transcription factors for protein degradation (6). In obese
individuals, IL-6, as a pro-inflammatory factor, leads to
decreased IGF-1 levels and decreased muscle volume and
strength (6). TNFa, IL-1B, IL-1, and IL-6 also directly inhibit
phosphoinositide 3-kinases (PI3Ks)/Protein kinase B (Akt)
activity and protein synthesis pathway. In this way, IL-6
reduces skeletal muscle by signaling its receptor (14). In
sarcopenia, there is an increase in the levels of inflammatory
factors, including TNF-a, IL-1, and IL-6, and this increase is
associated with a decrease in muscle mass. In particular, high
levels of IL-6 and TNF-a are directly correlated with sarcopenia
and weakness in humans and mice (15). Elevated IL-6 and CRP
levels are also associated with loss of strength in aging (7). In
confirmation of this, a study showed that increased plasma pro-
inflammatory factors levels (TNF-a, IL-6, and IL-8) were
associated with decreased strength in resistance training (13,
16). Under conditions of persistent inflammation and some
diseases such as sarcopenic obesity, IL-6 is associated with
muscle atrophy. In this way, depending on the location of
secretion and physiological conditions, IL-6 acts as a double-
edged sword (13). Thus, IL-6 is a significant marker of sarcopenia
obesity in older (17). In response to exercise, the expression of IL-6
in the muscles increases (13). The IL-6 receptor also increases in
muscle after exercise (18). After exercise, plasma IL-6 levels can
also increase by up to 100-fold but are followed by increased
expression of IL-10 and IL-1 receptor antagonists. This chronic
response creates an anti-inflammatory environment in response to
an increase in IL-6 circulation after exercise. IL-6 is involved in the
oxidation of muscle triglycerides and blood sugar and stimulates
lipolysis in adipose tissue during exercise (19). IL-6 has also been
shown to have an inverse relationship with physical activity at the
serum level (13). In the elderly and healthy subjects, progressive
strength training reduces serum IL-6 levels compared with the
control group (6). In general, after exercise, IL-6 as myokine leads
to increased hypertrophy, increased lipolysis, and the formation of
an anti-inflammatory environment, and a decrease in plasma IL-6
leads to a decrease in permanent inflammation.

IL-10 is released from T-helper cells, monocytes, and
macrophages and regulates neutrophil activity. IL-10 released
in muscle is an anti-inflammatory myokine (20). IL-10 plays an
important role in altering muscle macrophages from phenotype
M1 to M2 in damaged muscle, and this transfer is essential for
normal muscle growth and regeneration. IL-10 prevents
inflammation by suppressing macrophage activation as well as
TNF-a, IL-2, IFN-g, and IL-6. IL-10 improves age-related
inflammation, obesity, and oxidative stress in skeletal muscle (13).
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In addition, mice lacking IL-10 show an increase in NF-KB,
and IL-6 levels increase significantly after 50 weeks. IL-10-
deficient mice reduce skeletal muscle strength with age and
become attractive models for sarcopenia (21). There is
evidence that levels of IL-6, IL-10, and the IL-6/IL-10 ratio
increase in people with sarcopenia (13). Some studies have
shown that IL-10 levels increase in older mice (22), and others
have shown an increase in serum IL-10 levels in older humans
(23). People with sarcopenia have higher levels of IL-6, IL-10,
and visceral adipose tissue than people without sarcopenia (24).
IL-10 in the serum is positively associated with obesity in
humans (25). It seems that a compensatory increase in IL-10
in people with sarcopenia obesity is to counteract chronic
inflammation (13). In contrast, combined exercise in people
with sarcopenia increase thigh cross-sectional area and IL-10
and decreased TNF-a (20). Exercise in obese mice has additive
effects on plasma IL-10 (26). Obese people decrease TNF-a and
IL-6 after 12 weeks of exercise, while they increase adiponectin
and IL-10 (27). Exercise reduces TNF-a protein (26%) and
mRNA (58%) compared with the inactive group while
increasing IL-10 expression (2.6-fold) and IL-10/TNF-a ratio
in Mice. This study also reports that the long-term anti-
inflammatory role of IL-10 is more pronounced under
pathological conditions of low-grade inflammation (28). It is
reported to exercise releases IL-10 from skeletal muscle into the
bloodstream in people with sarcopenia obesity (25). Therefore, it
is expected that by increasing IL-10 through the repetition of
training sessions, a more anti-inflammatory environment for
protein synthesis will be created.

In humans, IL-15 mRNA is expressed more in type II muscles
than in type I muscles, but the IL-15 protein content is expressed
in almost all muscles. Studies have shown that IL-15 works
through the Janus kinase (JAK)/signal transducer and activator
of transcription proteins (STAT) signaling pathway as well as the
PI3K/Akt and AMP-activated protein kinase (AMPK) signaling
pathway (29) (Figure 1). IL-15 is known as an anabolic agent for
muscle growth, reducing adipose tissue mass, and stimulating the
progression and survival of NK lymphocytes. IL-15 has the anti-
apoptotic ability by inhibiting TNF-a pathways (18, 29). In
addition, studies have shown that there is a strong association
between inflammation, sarcopenia obesity, and pro-
inflammatory factors, all of which are thought to be major
catabolic mediators in skeletal muscle (30). For example,
mitochondrial dysfunction and inflammatory cells lead to
increased production of ROS and immune mediators (i.e.,
cytokines and chemokines) that cause tissue damage at the site
of inflammation, cellular aging, and apoptosis (30–32). In the
elderly, muscle IL-15 protein and serum levels gradually decrease
with age. Decreased plasma IL-15 levels are associated with
sarcopenia (13). IL-15 levels are significantly higher in controls
compared to sarcopenia (33). One study found IL-15 to be a
promising treatment for muscle loss under cachexia and
sarcopenia conditioning (34). Serum IL-15 levels increase
significantly in centenarians living independently, indicating
that high IL-15 expression is one protection against weakness
and age-related diseases (13). IL-15 is highly expressed in skeletal
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muscle and increases in response to exercise for skeletal muscle
hypertrophy (13). Human IL-15 genes are positively associated
with the response to resistance training (35). Decreased IL-15
levels are reported to be a common mechanism for sarcopenia
and obesity, while IL-15 levels are temporarily elevated
immediately after resistance and aerobics training (36). IL-15
has the potential to reduce obesity and increase lean mass
through the AMPK and Akt pathways, which increase after
exercise in humans and rodents. Elevated plasma IL-15 is
involved in stimulating the expression of mitochondrial-related
factors, such as PPARs and SIRT1, and with increasing
circulating IL-15, endurance capacity increases (37, 38). Older
and obese mammals are reported to have low blood IL-15 levels,
while IL-15 levels are temporarily elevated after resistance and
aerobic training. IL-15 can also inhibit fat cell differentiation and
reverse dietary obesity (25). In general, with exercise, IL-6-10-15
are secreted as myokines, which can play a role in reducing
inflammatory factors, increasing muscle hypertrophy, and
protein synthesis through the PI3K/AKT and JAK/STAT
pathways. On the other hand, increased lipolysis and decreased
Frontiers in Endocrinology | www.frontiersin.org 4
adipose tissue occur through increased factors such as PPARs,
SIRT1, and AMPK, which can be beneficial for people with
sarcopenic obesity (Figure 1). However, under inactivity, IL-6
and other inflammatory factors are secreted from adipose tissue,
which stimulates sarcopenic obesity and exacerbates
muscle atrophy.
MYOSTATIN

Myostatin is found in large amounts in skeletal muscle (39).
Myostatin binds to the active type IIB receptor (ActRIIB) and
forms a heterodimer with activin-like kinase 4 (ALK4) or ALK5,
which in turn activates Smad2 and Smad3, then forms a complex
with Smad4, this complex is subsequently transferred to the
nucleus (13, 40) (Figure 1). This complex affects transcription
factors such as myocyte-specific enhancer factor (MEF2) and
myoblast-determining protein (MyoD), which inhibits myoblast
proliferation and differentiation (39). In addition, myostatin
regulates the activity of paired box 7 (Pax7) to control the
FIGURE 1 | The effects of sarcopenic obesity and exercise on the cellular mechanisms of myokines and adipokines. The description is available in the text.
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process of satellite cell self-renewal. Among myostatin-deficient
satellite cells, the number of satellite cells increases due to
increased self-renewal and delayed expression of the
differentiation gene (myogenin). Thus, myostatin is a strong
negative regulator for satellite cell activation. Myostatin also
inhibits the Akt/mTOR pathway to suppress skeletal protein
synthesis and acts through FOXO-1 to increase skeletal muscle
atrophy. Myostatin, as a myokine, is a negative regulator of
skeletal muscle growth (13) (Figure 1). It was also found that
myostatin gene expression can be affected by NF-KB, exercise,
aging, and TNF-a. This study found that serum myostatin levels
increased with age in the general population (39). myostatin has
highest in weak older women and has inversely related to skeletal
muscle mass (40). There is evidence that human sarcopenia
shows an increase in myostatin and a decrease in Akt
phosphorylation efficiency. In this study, myostatin mRNA
and protein levels increased by about 2 and 1.4 times. While
the efficiency of Akt phosphorylated decreased by about 30%.
Thus, human sarcopenia may be associated with decreased
activity of IGF-1 and Akt (41). Studies emphasized that
myostatin and TNFa are potential candidates for sarcopenia
obesity (39, 41, 42). Overexpression of myostatin has been shown
to induce strong TNF-a expression. It was also stated that the
induction of myostatin expression is mediated via the mitogen-
dependent pathogen p38 (p38MAPK) and NF-KB pathways
through TNF-a (39). In contrast, the deletion of functional
mutations in myostatin causes skeletal muscle hyperplasia and
hypertrophy (40). exercise studies have shown that simultaneous
resistance and endurance training reduce myostatin in sarcopenic
older men (43). Exercise after 12 weeks of resistance and
endurance training simultaneously increases the levels of irisin
and follistatin and reduces the concentration of serum myostatin
in obese people (44). One study reports that obese people
positively regulate myostatin levels and show an association
between sarcopenia, obesity, and myostatin inhibitors, and
report the low activity as the cause of increased myostatin (45).
It is also shown that sarcopenic obesity is associated with positive
regulation of TNF-a, IL-6, and myostatin and a decrease in IL-15,
while combined exercise significantly reduces the symptoms of
sarcopenic obesity by inhibiting myostatin (25). In sarcopenic
obesity, myostatin is regulated positively, and weight loss and
adequate protein intake with exercise are recommended as
treatment (46). Therefore, as myostatin levels increase with age
and persistent inflammation, and decrease with exercise, it seems
that exercise can be used as a standard intervention to prevent
exacerbation of sarcopenia obesity.
INSULIN-LIKE GROWTH FACTOR-I (IGF-I)

Skeletal muscles secrete insulin-like growth factor-1 (IGF-1) in an
autocrine and paracrine manner (1). IGF-1 is an anabolic myokine
that increases satellite cell proliferation by increasing cell cycle
progression through activating the PI3K/Akt signaling pathway
(13). The Ras/Raf/ERK pathway is activated by IGF-I that can
increase cell proliferation, differentiation, and survival (1)
(Figure 1). In addition, IGF-1Ec, called mechanical growth
Frontiers in Endocrinology | www.frontiersin.org 5
factor (MGF), stimulates the activation, proliferation, and fusion
of satellite cells to repair and maintain muscle (13). IGF-I/Akt/
mTOR axis inhibits myostatin-dependent pathways such as
Smad2/3 in addition to myoblast differentiation and myotube
hypertrophy (47) (Figure 1). In particular, IGF-1 enhances
myogenesis and increases the strength of myofibers (13).
Muscle-induced IGF-I controls growth, survival, and
differentiation after injury or exercise (1). In addition, decreased
serum IGF-1 levels are independently associated with the risk of
sarcopenia and increased abdominal visceral fat (5, 13). IGF-1
secretion decreases with age in men approximately 60 years and
older, which is associated with sarcopenia, muscle weakness, and
upper extremity obesity (48). Therefore, IGF-1 impairment is
likely to be associated with the risk of developing sarcopenic
obesity (1). IGF-1 plays a therapeutic role inmuscle atrophy due to
increased protein synthesis (13). In mice with overexpression of
IGF-I, decreased expression of age-induced satellite cells in skeletal
muscle is reduced. In older mice, overexpression of IGF-I in
muscle causes skeletal muscle hypertrophy and regeneration (1).
There is evidence that after exercise, plasma levels of inflammatory
markers IL-6 and TNF-a decreases, while IGF-1 levels increase
(49). When local IGF-I is released, it stimulates satellite cell
proliferation, increases muscle amino acid uptake, reduces
proteolysis, and facilitates muscle recovery after injury or
exercise (13). Clinical studies reported aerobic exercise in people
with sarcopenia increases IGF-1 and decrease muscle RING-finger
protein-1 (MuRF-1), myostatin, and TNF-a. It was also shown
that 8 weeks of aerobic exercise prevent muscle atrophy by
increasing the axis of Akt/mTOR/p70S6K since Akt then
inhibits the FOXO to suppress protein degradation factors. The
study reported that 4 weeks of resistance training inhibits muscle
atrophy by regulating MuRF-1 and Atrogin-1 mRNA levels, then
reducing ROS and upregulating the IGF-1/Akt/ERK signaling
pathway in the soleus muscle (5) (Figure 1). Exercise studies
have shown that serum IGF-1 levels are higher in the elderly with
sarcopenic obesity after resistance training than in the non-
exercise group (50). It was reported that home exercise increase
IGF-1 in the progressive resistance training group and the aerobic
group, while IL-6 decrease in the progressive resistance training
group. The researchers concluded that progressive resistance
training could improve muscle strength by increasing IGF-1 and
decreasing IL-6 (50). Exercise studies showed that at week 8
training, the serum concentration of IGF-1 in the resistance
training group is higher in sarcopenic obesity patients than the
control group, while the combined training was superior to the
endurance and control groups. Muscle strength performance and
serum IGF-1 levels were higher than the control group in the
training groups, especially in the resistance training group (48).
Therefore, the prevailing view is that IGF-1 decreases in obese
people with sarcopenia, while it increases with exercise, especially
resistance training.
IRISIN

Irisin, as a myokine, is known in muscle as a cleavage product of
fibronectin type-III domain-containing protein 5 (FNDC5) and
February 2022 | Volume 13 | Article 811751
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is regulated by PGC1-a. The FNDC5 gene is secreted in human
muscles 200 times more than in fat cells (13). Irisin regulates
myogenic differentiation, mitochondrial function, and metabolic
homeostasis in skeletal muscle. Irisin also increases the
expression of PGC-1a, uncoupling protein 1 (UCP1), and
other brown fat-related genes in the WAT to stimulate
browning and promote energy expenditure (13). One of the
most important functions of irisin is to increase temperature and
heat and can reduce weight (13). Irisin improves energy
expenditure through the MAPK, p38 MAPK, and ERK
pathways, and decreases obesity since these three factors
converge in the PGC-1a (6, 51) (Figure 1). In addition,24-
hour treatment with Irisin significantly increases PGC-1a,
nuclear respiratory factor 1 (NRF1), and transcription factor A
mitochondrial (TFAM), leading to increased mitochondrial rate
and oxygen consumption (52). Treatment by irisin significantly
upregulates insulin-like growth factor-1 (IGF-1) and decreases
myostatin gene expression through the ERK pathway (52, 53).
Irisin and the initial expression of FNDC5 have also been shown
to be increased in the muscles of myostatin-deficient mice (52).
Moreover, myostatin-deficient mice brown adipose tissue
increase in white fat stores and are regulated by the AMPK-
PGC1a-FNDC5 pathway in skeletal muscle (52) (Figure 1).
FNDC5 and irisin mRNA secretion is increased during
myogenic differentiation in human myocytes (52, 53). Studies
have shown that irisin upregulates the IGF-1/Akt/mTOR
pathway and increases muscle hypertrophy through muscle
protein synthesis (53) (Figure 1). In this way, irisin, as a
promyogenic factor, induces myogenesis and mitochondrial
biogenesis and protects against muscle atrophy. Therefore,
increasing the level of irisin can cause cell proliferation (54).
Circulating irisin levels in men and women are also negatively
correlated with age. In contrast, circulating irisin levels are
associated with lean body mass ratio and hand strength in
both men and women. In addition, circulating irisin levels are
lower in the sarcopenia group than in the normal group (55).
Therefore, serum levels of irisin could be used as a biological
marker of muscle dysfunction to independently predict the onset
of sarcopenia obesity (13, 56, 57). Elderly studies have reported
lower levels of irisin in the bloodstream of older people than
younger people. In the elderly, it seems the use of irisin to target
AMPK-PGC1a-FNDC5 and IGF-1/Akt/mTOR pathways
appears to prevent muscle disorders (58). Irisin treatment can
cause skeletal muscle hypertrophy, improve muscle strength, and
reduce tissue necrosis and fibrosis in the dystrophic rats model.
Serum irisin levels are positively associated with increased
muscle mass, strength, quadriceps cross-sectional area/body
weight, and metabolism (13, 59). Studies have shown that
endurance training for 10 weeks increases FNDC5 mRNA
levels in skeletal muscle and circulating irisin levels in obese
people (51). Resistance training three times a week for 12 weeks
in older mice and humans significantly is increased circulating
irisin. The researchers also stated that the increase in circulating
irisin due to resistance training was strongly associated with
improved physical function (58). Postmenopausal women with
sarcopenia have been reported to have lower circulating irisin
Frontiers in Endocrinology | www.frontiersin.org 6
concentrations, while resistance training alone or in combination
with aerobic exercise improves muscle size and strength, and
these improvements are associated with decreased myostatin and
increased serum irisin concentrations (53). One study reported
that exercise increased irisin levels in overweight women (44). In
human muscle, irisin, IGF-1, FNDC5 (which encodes the irisin
precursor) increase after exercise, and irisin is independently
associated with sarcopenia (19). The results of exercise studies
showed that low plasma irisin is a sign of muscle weakness and
atrophy and is associated with total muscle mass. While
resistance training in men aged 60-75 years leads to a
significant increase in strength gaining and irisin (60).
Therefore, higher plasma irisin levels have been described in
obese and sarcopenia humans after exercise. Finally, it seems
increasing exercise-induced irisin increase mitochondrogenesis,
increased brown fat, increased muscle mass, increased body
temperature, increased oxygen consumption, increased
mitochondrial efficiency, and can be beneficial for people with
sarcopenic obesity.
FIBROBLAST GROWTH FACTOR-21
(FGF-21)

Fibroblast growth factor-21 (FGF-21) is a member of the FGFs
family and is mainly secreted in adipose tissue and skeletal
muscle (13). Under normal conditions, the expression level of
FGF-21 in skeletal muscle is low (61). But muscle FGF-21 is
released under conditions such as fasting, exercise, ER stress,
mitochondrial myopathy (62). Muscle-specific FGF-21 acts as a
vital regulator of muscle growth, inflammation, whole-body
metabolism, and premature aging (13). FGF-21 and its
receptors such as b-Klotho, FGFR1b, FGFR1c, and FGFR4 are
strongly increased in muscle under catabolic conditions (61). In
addition, FGF-21 enhances myoblast differentiation and acts
through the FGF-21/SIRT1/AMPK/PGC-1a axis to convert
anaerobic myofibers to aerobic (11, 13) (Figure 1). FGF-21, as
an anti-inflammatory agent, stimulates the oxidation of fatty
acids, the production of ketone bodies, and inhibits lipogenesis
(63). FGF-21 is a major regulator of brown fat differentiation by
increasing the expression of UCP1 and PGC-1a and thus
generates heat in adipose tissue and skeletal muscle (11, 64). In
confirmation of this, a study reported that suppression of FGF-21
prevents white adipose tissue from turning brown. In addition,
FGF-21 is usually increased to increase defective mitochondrial
function and stress adaptation in skeletal muscle (61). In this
regard, FGF-21 has been shown to induce mitophagy by
increasing BCL2 interacting protein 3 (Bnip3). Whereas, in the
absence of FGF-21, mitophagy reduction is associated with an
increase in defective mitochondrial volume (63). Due to the
special importance of FGF-21, mice lacking FGF-21 are not able
to fully express PGC-1a (65). In this way, FGF-21 has been
suggested as one of the markers of mitochondrial dysfunction
and aging (61). In skeletal muscle, obese mice lacking FGF-21
positively regulate the expression of atrophic factors such as
MuRF1 and Atrogin-1. These factors are associated with
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increased levels of inflammatory cytokines such as TNFa and
MCP-1 and decreased AMPK phosphorylation. While treatment
with FGF-21 significantly suppresses TNF-a-induced
inflammatory and atrophic responses (13, 66). Muscle-derived
FGF-21 plays an important role in aging and obese, and a
positive correlation has been found in serum FGF-21 levels
and sarcopenia and obese. Thus, sarcopenia and sarcopenic
obesity may be associated with FGF-21 disorder (11, 13, 67–
69). In this regard, a study identified FGF-21 as potential
therapeutic targets associated with PGC-1a for aging and age-
related diseases (65). A mild mitochondrial transplant in skeletal
muscle increases FGF-21, which in turn leads to healthy aging
and longevity. Thus, it seems overexpression of FGF-21 in mice
increases longevity (61). It has also been reported that under
physiological conditions such as exercise and cold, levels of FGF-
21 increase due to muscle contraction and mitochondrial stress
(65). FGF-21 gene therapy in obese animals with a high-fat diet
leads to weight loss, reduced adipose tissue hypertrophy, reduced
inflammation, and fibrosis. In addition, overexpression of FGF-
21 prevents age-related weight gain, and this study underscores
the potential of FGF-21 gene therapy for the treatment of obesity
(13, 64). Studies have reported that after acute exercise, FGF-21
levels increase in plasma, mRNA, and protein levels in muscle.
While 3 hours after exercise increases the oxidation of fatty acids
(70). In people with obesity, acute exercise increases the
concentration of FGF-21 in one hour after exercise (71). After
8 weeks of progressive resistance training in obese mice, levels of
FGF-21 and irisin in soleus muscles increase and show a
significant relationship with strength gain (72). It has been
reported that there is a positive correlation between FGF-21
and irisin with muscle mass (73). Resistance and endurance
training have also been shown to increase and decrease FGF-21
and FGF-19 and are beneficial for lipid metabolism (74). In
response to exercise, FGF-21 is released from muscle into the
bloodstream and prevents some diseases, especially sarcopenia
and obesity (75). In general, by increasing energy consumption
in exercise, the body increases mitochondria as an energy
generator in muscles through FGF-21, irisin, and PGC-1a.
Therefore, an increase in FGF-21 in aging seems to be a
pathological sign to counteract mitochondrial dysfunction
through the mitophagy process. But increasing FGF-21 during
exercise is a physiological response to optimizing mitochondria
and reducing adipose tissue, converting white to brown fat, and
increasing thermogenesis.
LEUKEMIA INHIBITORY FACTOR (LIF)

Leukemia inhibitory factor (LIF), a myokine belonging to the IL-
6 family, is produced by different tissues, such as cardiac and
skeletal muscle (4). LIF signaling begins after LIF binding to a
specific LIF receptor (LIFR), leading to phosphorylation and
activation of Janus kinase (JAK)/signal transducer and activator
of transcription 1 (STAT1) and STAT3 in the muscle. LIF also
induces the expression of suppressor of cytokine signaling
proteins (SOCS), which negatively regulates LIF signaling at
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the receptor level (76). Furthermore, LIF induces the
proliferation of satellite cells by regulating the expression of
jun B and c-Myc, and in particular the JAK2-STAT3-PI3k
signaling pathway in skeletal muscle. Thus, LIF regulates
myoblast proliferation, which acts as an autocrine (13). LIF is a
pleiotropic cytokine with increased myoblast survival that has
positive effects on myogenesis (77). LIF also stimulates the
proliferation of satellite cells (SCs) after sports injuries for
muscle regeneration and muscle hypertrophy (4). LIF is
involved in increasing muscle glucose uptake, stimulating
osteoblast differentiation, and inhibiting fat differentiation and
inflammation and performs these effects through the autocrine
and paracrine pathways (78). Muscle of LIF-deficient mice
reduces regeneration after muscle injury, while local
administration of LIF shows regeneration stimulation. LIF has
anti-inflammatory properties because LIF downregulates the
expression level of TNF-a induced by lipopolysaccharide
(LPS), while the LIFR-a antagonism in the muscle
regeneration phase increases inflammation and prevents
myotubes formation (79). LIF appears to have beneficial effects
against muscle atrophy and is a new biomarker and therapeutic
target for sarcopenia obesity (13). In one study, it was reported
that LIF production and secretion increase with electrical
stimulation and overload, and then regulate hypertrophy via
the PI3K/Akt/mTORC1 axis (80) (Figure 1). It was stated that
LIF is essential for the hypertrophic response because there is no
muscle growth in animals without LIF. It then was claimed that
LIF acts specifically on muscle fibers because the administration
of LIF for 4 weeks only causes soleus hypertrophy, while extensor
digitorum longus muscles had needed a b2-adrenoreceptor
agonist to respond to growth (80). This myokine is released by
acute aerobic and resistance training. Exercise studies have
shown that the secretion of exercise-induced lipolytic myokines
(IL-6, irisin, and LIF) stimulates thermogenesis for converting
white to brown fat (4). Interval exercise increases LIF/LIFR
expression in muscle and stimulates the STAT3 signal to
reverse muscle atrophy in mice. In addition, LIF transgenic
leukocytes can reduce fibrosis and play a potential therapeutic
role in improving muscular dystrophy and sarcopenic obesity
(13). Studies have reported that LIF mRNA increase after
ergometer cycling and endurance training. It was also stated
that LIF has the potential to treat muscular diseases such as
muscular dystrophy due to increased myoblast survival (75). In
humans, one session of resistance training overexpresses LIF
mRNA, while not altering circulating LIF levels (80). Studies
have shown that LIF mRNA levels in muscles increased 9-fold 6
hours after resistance training while returning to pre-training
levels 24 hours after training. LIF in plasma is also unchanged,
indicating a local rather than systemic effect of LIF on exercise
response. However, the PI3K, Akt, and mTORC1 molecules
contribute to LIF signaling in exercise, as the chemical
inhibition of each independently is sufficient to downregulate
LIF. JunB and c-Myc transcription factors, which increase
myoblast proliferation, increase in skeletal muscle after
resistance training (81). Measuring LIF protein levels after
exercise is difficult because the half-life of LIF is about 6-8
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minutes in serum. Therefore, expression and secretion of LIF
protein after exercise have not been reported (78). Finally, it
seems that exercise by increasing LIF expression can affect people
with sarcopenic obesity by growing muscle cells, reducing fat cell
differentiation, and stimulating osteoblasts, and can be used as a
standard golden intervention.
ADIPOKINES AFFECTING SARCOPENIC
OBESITY

In people with sarcopenic obesity, muscle mass decreases
quantitatively and qualitatively, and fat mass increases. In
addition to myokines, adipokines also play an important role
in sarcopenic obesity (46). Adipokines such as leptin, resistin,
adiponectin, and apelin can also regulate muscle metabolism (4).
Since many disorders of sarcopenic obesity are caused by the
secretion of adipokines, we intend to study adipokines related to
sarcopenic obesity to be able to better manage this disease to
increase the quality of life.
LEPTIN

Leptin is mainly secreted from adipose tissue and plays a key role
in reducing food intake, increasing energy intake, raising body
temperature, and lowering blood sugar. Leptin performs its
functions through the leptin receptor (LepR) and the leptin
receptor consists of six isoforms: LepRa, LepRb, LepRc, LepRd,
LepRe, and LepRf. LepRb appears to regulate most leptin
functions. After the binding of leptin to this receptor, activation
of tyrosine kinase Janus kinase 2 (JAK2) is performed. Activated
JAK2 then participates in the activation of the MAPK and ERK
pathways and mediates energy homeostasis. STAT 5 and STAT3
are phosphorylated by JAK2 and amplify target transcription
factors (Figure 1). Leptin has proinflammatory activity by
increasing the production of TNF-a, IL-6, and IL-12 by
monocytes (82). Leptin may also act by increasing IGF-I
circulation. Leptin indirectly regulates muscle regeneration by
suppressing miR-489, an inhibitor of muscle satellite cells.
Treatment by leptin in aging mice improves muscle mass and
muscle fiber size by reducing the expression of myostatin, 1-
muscle ring protein (MuRF1), and F-box muscle atrophy
(MAFbx) (1). Therefore, leptin will be useful for both increasing
muscle mass and regenerating and repairing muscles. These
parameters are related to muscle strength in people with
sarcopenia (1). Leptin reduces muscle triacylglycerol (TG) by
rapidly activating AMPK, increasing hydrolysis, and oxidation of
fatty acids (83). Serum leptin levels reflect total body fat mass (65).
Serum leptin levels are usually positively correlated with body
mass index (BMI). Leptin levels have positively correlated with
longevity in people 100 years old, and the ratio of leptin to
adiponectin is positively correlated with muscle strength in older
adults (84). Increased leptin due to increased fat in aging may lead
to leptin resistance and reduce the oxidation of fatty acids in
muscle and lead to fat deposition in other organs such as liver,
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heart, and muscles, which in turn reduces muscle quality in people
with sarcopenic obesity (18). In obese people, despite the increase
in leptin levels, there is a lack of positive function of leptin in
muscle due to leptin resistance. Leptin receptors are highly
expressed in muscle tissue, and a lack of leptin-sensitive
receptors, especially in skeletal muscle, causes muscle atrophy.
Therefore, leptin resistance may worsen sarcopenia in obese and
elderly patients (1). Animal studies have shown that the long form
of the leptin receptor exhibits features of sarcopenic obesity such
as muscle atrophy, hyperphagia, hyperinsulinemia, and
hyperleptinemia (85). Research has shown that patients with
sarcopenic obesity have higher serum leptin levels than those
with non- sarcopenic obesity. In addition, they show poor grip
strength and physical function. Thus, high levels of leptin probably
due to leptin resistance are also negatively associated with physical
function (86). Mammalian with sarcopenia obesity upregulates
TNF-a, IL6, leptin, andmyostatin, and downregulates adiponectin
and IL-15 (25). According to current evidence, strength and
aerobics training combined with nutrition is the most promising
approach to sarcopenic obesity. Exercise and diet have been
reported to improve gait speed and leptin (87). One study
reported that exercise affects the balance of pro-inflammatory
cytokines such as leptin (88). Sarcopenic obesity markers such as
IGF-1, leptin, and adiponectin improve significantly after 16 weeks
of endurance and resistance exercise compared to usual care (10,
25). In addition, exercise improves leptin sensitivity in the
peripheral tissues of obese mice (89). In older mice, an increase
in leptin is associated with high inflammation andmuscle atrophy,
while exercise interventions are associated with a decrease in
adipose tissue mass and a decrease in serum leptin
concentration due to muscle tissue sensitivity to leptin (83).
Finally, according to the above studies, exercise appears can lead
to decreasing inflammation, decreasing muscle atrophy, increasing
muscle hypertrophy, and decreasing adipose tissue by improving
leptin resistance. Then active lifestyle increases the life expectancy
of people with sarcopenic obesity.
ADIPONECTIN

Another important hormone produced by adipose tissue is
adiponectin (1). Adiponectin signals through adiponectin 1 and 2
receptors (adipoR1 and adipoR2) (3), which are abundantly
expressed in muscles and myotubes (82). AdipoR1 is mainly
expressed in skeletal muscle and the binding of adiponectin to
AdipoR1 activates the AMPK-SIRT1-PGC-1a axis (90) (Figure 1).
Adiponectin also reduces inflammation by inhibiting the secretion
of TNF-a and IL-g and increasing the production of IL-10 and IL-1
receptor antagonists frommonocytes andmacrophages (6). There is
evidence that adiponectin for AMPK activation and NF-KB
inhibition is associated with a decrease in inflammatory factors
(TNF-a and IFN-Y) and an increase in anti-inflammatory factors
(IL-10 and IL-1Ra) (82). This adipokine has key roles such as
regulating energy homeostasis, strong anti-inflammatory effects,
increasing myogenesis. In addition, this hormone has a protective
effect on muscle protein degradation by regulating the IRS-1/Akt
signaling pathway (1). Adiponectin appears to regulate several
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transcription factors for muscle regeneration, such as Myf5, MyoD,
myogenin, and Mrf4 (90). For example, the increase in Myf5 by
adiponectin in skeletal muscle provides activation of satellite cells
and their commitment to regeneration. In addition, adiponectin
induces MyoD expression to allow myoblast proliferation and
differentiation (90). Adiponectin also stimulates AMPK-induced
autophagy in myoblasts and promotes their survival. Adiponectin
activates the expression of two key muscle differentiation factors,
myogenin and Mrf4 (90). Thus, adiponectin can reverse sarcopenia
by suppressing anti-atrophy proteins and stimulating myogenic
proteins (3). Some studies have reported low levels of adiponectin in
people with sarcopenia, and an inverse relationship between
adiponectin and the risk of sarcopenia (1). Adiponectin levels
have been shown to decrease with age and obesity (82). There is a
strong negative relationship between circulating adiponectin
concentration and fat mass (25). Thus, in sarcopenic obesity,
serum levels of adiponectin decrease (6). There is evidence that
chronic exercise-induced muscle improvements are reduced by
suppressing adiponectin or AdipoR1. Similarly, AdipoR1-deficient
mice reduce PGC-1a expression and activity, mitochondrial
biogenesis and function, type 1 oxidative myofibers, endurance
training capacity, and cellular clearance (90). Studies show that
adiponectin is significantly increased in people with sarcopenia
under positive lifestyle intervention (whey supplementation with
resistance training). Because, high levels of adiponectin have been
observed in centenarians, due to a compensatory response to
maintain metabolic homeostasis, reduce inflammation, reduce
oxidative stress, and protect against catabolic conditions such as
sarcopenia (1). In addition, weight loss due to exercise increases
plasma adiponectin levels in rodents and humans while adiponectin
decreases in the circulation of old and obese people (82, 90). An
increase in plasma adiponectin has also been observed in moderate
to high aerobic exercise. Thus, higher levels of adiponectin have
been reported in parallel with most physical activity. Exercise for 4
months reduces impaired regeneration andmuscle function in older
mice (90). Exercise-adiponectin released activates fatty acid
oxidation and glucose uptake via the AMPK pathway, which is
reduced in sarcopenic obesity (82). Exercise stimulates muscle stem
cells, improving muscle regeneration capacity by activating
adiponectin/AdipoR1 in aging-prone mice (91). In addition,
endurance training can ameliorate age-related disorders in muscle
stem cell regeneration and muscle metabolic changes through the
AMPK-dependent mechanism regulated by the adiponectin/
adiponectin receptor axis (91). Therefore, it is possible that
exercise can increase adiponectin in sarcopenic obesity, which in
turn leads to increased muscle hypertrophy, decreased
inflammation, and increased fat oxidation. So exercise can be
considered a non-invasive golden intervention.
RESISTIN

Resistin is released by adipocytes, myocytes, and leukocytes.
Resistin secretes TNF-a and IL-6 from human blood
leukocytes, and in contrast, expression of resistin is stimulated
by IL-1, TNF-a, and IL-6, indicating a defective pro-
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inflammatory loop (36) (Figure 1). Increased secretion of
resistin by subcutaneous adipose tissue disrupts myotube and
nuclear fusion by activating the classical NF-KB pathway (92). In
muscle, resistin inhibits myogenic myoblast differentiation (1).
While reducing resistin myogenesis regenerates aging muscle.
Inhibition of the classical NF-KB pathway in myoblasts protects
against the harmful effect of resistin on myogenesis (92). Resistin
RNA is more expressed in visceral fat than non-abdominal
subcutaneous fat and serum resistin is higher in obese people
(36). The concentration of resistin is significantly higher in obese
elderly people than in normal-weight elderly people (92).
Visceral adipose tissue releases catabolic adipokines such as IL-
6, TNF-a, and resistin, which play a key role in protein
catabolism in people with sarcopenic obesity (93). In addition,
plasma resistin levels increase in the elderly compared to the
young and are inversely related to muscle strength. Plasma
resistin concentrations are inversely related to quadriceps
muscle torque in people aged 69 to 81 years (92). In the
elderly, the resistin/IGF-I ratio increases and is associated with
decreased quadriceps strength. Resistin acts on the joints viaNF-
KB, which increases with aging (1). Decreasing the resistin of
obese people has been shown to improve myogenesis (92).
Exercise studies have shown that 12 weeks of resistance
training reduces plasma leptin and resistin levels, and
concluded that long-term resistance training improves
sarcopenia in people by reducing inflammatory markers and
reducing adipose tissue (94). In individuals, levels of IL-6, leptin,
and resistin show an increase in obesity and are inversely
associated with low inflammation but can return with exercise
(4). Aerobic exercise five days a week for 12 weeks in sedentary,
overweight women increases IL-15 levels and decreases resistin
(95). One study found that exercise increase and decrease
adiponectin and resistin levels, respectively. The data show that
without weight loss, exercise alone does not improve resistin
(96). In one exercise study, resistin concentrations decreased
after prolonged exercise and were associated with triglyceride
concentrations (97). Exercise study showed that 6 weeks of
endurance exercise reduces chemerin and resistin, which
indicates a reduction in inflammation (98). In one study, a
resistance and aerobic training program for 8 weeks
significantly increased apelin levels and decreased plasma
resistin, insulin, fasting glucose, and insulin resistance index
(99). Since there are few studies on exercise, resistin, and
sarcopenia obesity, more studies are needed. However,
according to the above studies, exercise appears can reduce the
NF-KB signaling pathway, protein degradation, inflammation,
and adipose tissue by reducing resistin. In contrast, exercise can
improve muscle strength and hypertrophy by reducing factors
that impair muscle regeneration, such as resistin.
APELIN

Apelin and the receptor of apelin are expressed in many tissues,
such as adipose tissue and muscle (80). Aplin binds to the APJ
receptor, a member of the G protein-coupled receptor family (100).
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Applin activates endothelial nitric oxide synthase (eNOS),
which is known to stimulate glucose transport in endothelial
cells and capillaries formation in skeletal muscle (100). Aplin
stimulates the phosphorylation of AMPK and acetyl-CoA
carboxylase (ACC) and interacts with the insulin signaling
pathway (100). Thus, apelin is involved in regulating glucose
and fat metabolism as well as insulin sensitivity (80). Apelin
stimulates mitochondrial biogenesis and protein synthesis by
activating AMPK, AKT, and P70S6K in individuals with
sarcopenia (101) (Figure 1). Apelin enhances autophagy, and
the anti-inflammatory effects of muscle, and enhances the
regeneration of satellite cells (102). While removal of the
muscular apelin leads to muscle atrophy, decreased strength,
and decreased exercise performance on the treadmill, all of which
are remedied with daily apelin treatment (80). In mice without
apelin, muscle function abnormalities worsen with age. Studies
have shown that downregulation of apelin accelerates the onset
and progression of aging. For this reason, in the elderly, apelin
has been suggested as a primary marker of sarcopenia (103). In
people with sarcopenia, the level of apelin and the synthesis of
apelin in skeletal muscle decreases significantly with age and is
associated with decreased strength (104). Apelin increases with
the contraction of human myotubes and after muscle
contractions in mice (80). During skeletal muscle regeneration,
apelin is secreted along with myogenic progenitor cells (80).
Local apelin secretion increases muscle endurance by increasing
the number of mitochondria and activating AMPK (80). After
apelin injection, skeletal muscle capacity and myofiber
hypertrophy are improved, protein synthesis is enhanced,
muscle cell regeneration is increased in older mice, and
proteolysis in myotubes is inhibited (104). Apelin
supplementation has synergistic effects on endurance training
and improves fatigue resistance. Overexpression of the muscular
apelin, in parallel with the effects of exercise, increases muscle
mass (80). One study reported that obese older women increased
their apelin levels after walking twice a week for 12 weeks, and an
increase in apelin concentration was associated with further
motor function improvement (105). There is evidence that
pregnant women increase apelin levels under exercise
conditions, which in turn leads to increased PR domain-
containing zinc finger protein 16 (Prdm16) promoter DNA
demethylation, thermogenesis, and increased brown fat. Apelin
consumption by the pregnant mother mimics the beneficial
effects of exercise on fetal brown fat growth, oxidative
phosphorylation, mitochondrial activity, and inhibits the
process of lipid synthesis and differentiation of white fat cells
in fetal brown fat. The researchers stated that apelin significantly
activates thermogenesis through AMPK activation (106). In
addition, exercise-induced apelin secretion reverses age-related
muscle loss in people with sarcopenia and enhances
mitochondrial biogenesis and protein synthesis of muscle fibers
(106). One study found that with age, secretion of apelin,
decorin, IGF-1, IL-15, and irisin decreased, while IL-6 and
myostatin increased. The study stated that aerobic exercise
upregulates apelin, IL-15, IL-6, irisin, while anaerobic exercise
increases BMP-7, decorin, IGF-1, IL-15, IL-6 (103). Moreover,
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after aerobic exercise for 8 weeks, a significant increase in apelin
expression and secretion was reported. Apelin mRNA expression
in mice increased by approximately 40% after 9 weeks of
swimming training. Obese men increased apelin mRNA
expression 3.3-fold after 8 weeks of aerobic exercise (running
and cycling) (103). In addition, increasing apelin levels in the
elderly have been reported to increase hypertrophy and help
improve motor function. Apelin has also been shown to be more
released in athletes than in non-athletes after one session of acute
resistance training (107). Generally, apelin as an exercise-
induced factor has an anti-sarcopenic obesity function by
targeting satellite cells and fat cells (108). Therefore, according
to the above studies, exercise-induced apelin secretion appears
can cause muscle regeneration, muscle hypertrophy, increased
muscle strength, increased mitochondria, decreased muscle
atrophy, increased brown fat, decreased white fat synthesis,
increased thermogenesis, and decreased sarcopenic obesity.
EFFECTS OF EXERCISE AND
SARCOPENIA OBESITY ON PROTEIN
DEGRADATION THROUGH FOXO AS
MYOSTATIN REGULATOR

Another factor that can affect sarcopenia-related muscle atrophy
is forkhead box O (FOXO). FOXO is one of the most important
regulators of atrophy that stimulates the expression of many
atrophy-related genes (109). Mammalian cells include three
members of this family: FOXO1, FOXO3 (FKHR L1), and
FOXO4 (AFX) (110). Scientific studies have shown that many
of the major transcription factors regulating atrophy-related
genes converge on FOXOs (FOXO1, 3, and 4). For example,
96% and 48% of atrophy genes are monitored by FOXO during
su spens i on and dene rva t ion , r e spec t i v e l y (109 ) .
Dephosphorylation of FOXOs stimulates nuclear entry, growth
suppression, and apoptosis. Studies have shown that FOXO1 is
activated in all muscle atrophies (110). In addition, at least half of
the atrogenes need FOXOs to regulate their up or down
pathways. FOXO-dependent atrogenes include E3 ubiquitin
ligases Atrogin-1 [also known as muscle atrophy F-box
(MAFbx)], myostatin, muscle RING finger 1 (MURF-1),
muscle ubiquitin ligase of SCF complex in atrophy-1
(MUSA1), specific for muscle atrophy and regulated by
transcription (SMART) (109, 110) (Figure 1). Further Atrogin-
1/MAFbx transcription is controlled by FOXO, whereas MuRF-1
transcription is mediated by NF-KB activation (109). Studies
have shown that activation of FOXO1 causes transcription of
Atrogin-1 promoter and reduction in fiber size. The fibers
overexpressing FOXO3 increase Atrogin-1 mRNA levels. In
many cells, FOXO transcription delays cell cycle development
and activates apoptosis (110). In sarcopenic obesity, an increase
in perimuscular adipose tissue (PMAT) increases the nuclear
transfer of FOXOs transcription factors and regulates Atrogin1
and MuRF1, leading to proteolysis in muscle tissue. In addition,
PMAT levels are associated with the severity of muscle atrophy (6).
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Studies have also shown the presence of functional binding
sites for FOXO1 in the myostatin promoter, suggesting
stimulation of myostatin gene expression through the FOXO1
transcription factor (111). Two ubiquitin E3 ligases, such as
Atrogin-1 and MuRF-1, are proteins for skeletal muscle atrophy
conditions and are associated with apoptosis in skeletal muscle
aging. Increased apoptosis can activate Atrogin-1 and MuRF1
ligases, increasing protein degradation and exacerbating age-
related skeletal muscle loss. Therefore, one of the characteristics
of older mice is an increase in Atrogin-1, MuRF1, and myostatin
(112). Scientific studies have shown that mitochondrial damage
and dysfunction due to inactivity can increase proteolysis via the
AMPK-FOXO3 axis (111). AMPK modulates FOXO3
transcription activity for muscle atrophy by activating the
ubiquitin-proteasome pathway. ROS production by defective
organelles such as mitochondria causes muscle atrophy by
activating the FOXO signaling pathway (113). In response to
inflammation, FOXO1 activity increases and NF-KB
transcriptional activity promotes downstream genes. Then
activated NF-KB with FOXO1 acts synergistically, increasing
the expression of pro-inflammatory factors such as IL-1b (114).
On the other hand, inflammation is associated with FOXO
activation and myostatin overexpression, which in turn can
cause NF-KB-independent muscle atrophy (14). One study
found that the expression of SMAD and FOXO increased
myostatin promoter activity and inhibited myoblast
differentiation (115).

Specific inhibition of FOXOs in muscles protects against
atrophy. Inhibition of FOXO3 and NF-KB transcriptional
activity by PGC-1a and b reduces protein degradation (113).
However, PGC-1a is identified as a direct transcription target of
FOXO1 (116). Inhibition of FOXO family members is essential
for muscle differentiation with phosphorylation (110). In
addition, FOXO1 is downregulated by the PI3k/Akt pathway,
because the IGF1-AKT-mTOR axis blocks FOXOs transcription
factors and protein degradation pathways (Figure 1). Protein
kinase B (PKB)/Akt is a serine/threonine kinase that signals
through the downstream pathway of growth factor receptors by
activating PI3K, whose activity can be mediated by IGF-1
receptor signaling, nutrients, and muscle contraction. Akt plays
a variety of roles that may be important in sarcopenia. These
roles include suppressing apoptosis and protein degradation in
skeletal muscle by promoting phosphorylation and inactivating
the pre-apoptotic transcription factors such as FOXO and Bad,
thus inhibiting the expression of atrophy-related genes such as
Atrogin-1 and MuRF-1. Akt phosphorylates FOXOs
transcription factors to inhibit their translocation to the
nucleus (117), exports FOXO1 from the nucleus, and further
reduces gene transcription (114). But TNFa, IL-1B, IL-1, and IL-
6 directly inhibit PI3K/Akt activity and thus eliminate their
inhibition of FOXO. IL-6 has also been shown to reduce
skeletal muscle by signaling its receptor, which activates
FOXO3 (14) (Figure 1). However, when Akt is inhibited in
aging muscles, FOXO translocation occurs, increasing the
expression of atrophy-related genes such as Atrogin-1 and
MuRF-1. FOXO1 then inhibits the function of anabolic
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pathways in skeletal muscle by reducing the phosphorylation
of translation suppressor protein 4E-BP1 and by impairing
mTOR and Raptor signaling (117). One study reported an
increase in the expression of FOXO1 mRNA levels in aging
muscles, and the aging muscle nuclei had more FOXO than the
young muscle nuclei (117). Moreover, Atrogin-1 mRNA
increased in aged rats and FOXO3A has also been reported
among sarcopenia-promoting proteins (117). Adipose tissue
around muscle also increases FOXO transport and stimulates
its targets such as Atrogin1 and MuRF1 for proteolysis and
positively regulates muscle cell aging. Thus, increased proteolysis
and aging of muscle cells accelerate muscle atrophy caused by
aging and obesity (118).

Studies have shown that acute exercise can increase FOXO1
phosphorylation (119). In people with sarcopenia, exercise
increases IGF-1/PI3K/AKT levels and subsequent mTOR
activation to induce protein synthesis, while simultaneously
suppressing FOXO signaling (120–122). Furthermore, the
mediators of muscle loss that exercise may target during aging
are myostatin and FOXO3a, as these factors have been reported
to decrease after aerobic exercise. One-session eccentric training
reduces Atrogin-1 and FOXO3a mRNA levels compared to
baseline at 3 and 5 h post-exercise. Concentric training also
reduces FOXO1 and FOXO3a proteins compared to baseline.
Finally, eight weeks of training induce hypertrophy by reducing
nuclear FOXO1 protein levels (123). Thus, aerobic exercise in
aging may inhibit FOXO1 activity by increasing FOXO1
phosphorylation and limiting acetylation (114). The data from
one study suggest that expression levels of FBXO32 and FOXO1
are higher in women than in men, suggesting that women may
have high reserves of FBXO32 and FOXO1. Data show increased
expression of FBXO32 and FOXO1 in men compared to women
after 3 months of exercise, while the acute increase FBXO32 and
FOXO1 returned to baseline after 6 months of training. It is also
shown that baseline levels of FOXO3 mRNA are higher in aging
women (124). In the muscle atrophy model, weight-bearing
exercise significantly activates Akt and mTOR expression and
downregulates myostatin and its receptor, ActRIIB, and FOXO1
expression (125). Therefore, the Akt/mTOR and FOXO1/
myostatin signaling pathways may be the key to protein
synthesis improvement in sarcopenia (125, 126). Studies
showed when a muscle is exposed to mechanical stress, c-Jun
N-terminal kinases (JNK) initiate muscle growth by inhibiting
SMAD and myostatin. JNK inhibits SMAD2/3 nuclear
translocation and myostatin-induced transcriptional activity.
Therefore, SMAD2 phosphorylation has an inhibitory effect on
myostatin activity. This study showed that resistance exercise
activates JNK/SMAD signaling for overload-induced muscle
hypertrophy in aging mammalian (127) (Figure 1). In
addition, SMAD2/3 mRNA and protein expression also
decreased significantly after 6 weeks of weight-bearing training.
These results suggest that running obese rats with body weight
may reduce the ActRIIB-SMAD2/3 axis (128). It has also been
shown that aerobic and resistance training improves
performance by reducing oxidative stress and suppressing
SMAD2/3 signaling (129, 130). In addition, the increase in
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age-related TNF-a protein in gastrocnemius muscle decreases
with treadmill exercise, indicating that physical activity limits the
systemic inflammatory response in aging mice (30). Aerobic
exercise has been reported to increase PI3K/Akt activity in obese
diabetic rats while inhibiting the FOXO1/NF-kB/NLRP3
inflammatory axis (114). In general, exercise appears can block
FOXO and NF-KB pathways by activating the mechanisms of
Akt, PGC1-a, and JNK, and prevent the degradation of protein
by suppressing MuRF-1, myostatin, SMAD2/3, and Atrogin-1,
and instead activate protein synthesis and prevent the
progression of sarcopenia obesity.
EFFECTS OF EXERCISE AND
SARCOPENIC OBESITY ON PROTEIN
DEGRADATION THROUGH NF-KB AS A
DOWNSTREAM AGENT OF
INFLAMMATORY ADIPOKINES

Increased inflammatory factors such as IL-6, resistin, TNF-a,
and ROS production are also associated with NF-KB signaling
and the ubiquitin-proteasome system in skeletal muscle, both of
which may be involved in the pathogenesis of sarcopenia (5).
NF-KB is a protein complex and multifunctional regulator of
DNA transcription, immune function, inflammation, cell
survival, and proliferation responses (122). All NF-KB family
members are expressed in skeletal muscle (122). NF-KB activity
appears to directly regulate MyoD, a myogenic transcription
factor also known as myoblast determination protein 1, and
possibly other molecules such as MuRF1 during atrophy (117).
In the inactive state, NF-KB is sequestered by I-kappaB alpha
(IkBa) inhibitory proteins in the cytoplasm (131). The main
functions of the IkB protein include preventing the transfer of
NF-KB to the nucleus, preventing the binding of NF-KB to DNA,
gradual separation of DNA and NF-KB complexes (31). In the
active state, the IkB kinase complex (IKK) phosphorylates IkBa
(131). IKK is an enzyme complex that is associated with
increased cellular inflammation and activated IkK leads to a
decrease in NF-KB in the cytosol. Stimulation of IKK regulates
ubiquitination and then proteolysis, leading to the binding of
NF-KB (122) . Following phosphorylat ion, IKBa i s
polyubiquitinated and degraded by the proteasome, enabling
NF-KB nuclear translocation and transcriptional activity (132),
leading to upregulation of atrophy-related pro-inflammatory
genes (133). NF-KB directly alters the production of more than
150 genes, including genes encoding cytokines, regulators of
oxidation status, acute-phase reaction, cachexia, and disuse
atrophy and apoptosis. The NF-KB/Rel family consists of five
members such as p50, p52, p65 (RelA), RelB, and c-Rel. Two of
these proteins must be dimerized to facilitate NF-KB binding to
DNA and regulate gene expression. Recent evidence suggests
that the p50-p65 heterodimer is responsible for most of the NF-
KB activity in skeletal muscle. However, NF-KB is the main
regulator of immunity and inflammation and regulates the effect
of inflammatory factors, in particular, TNF-a and IL-6 on
Frontiers in Endocrinology | www.frontiersin.org 12
muscle degradation (131). Interestingly, the NF-KB activation
pathway is more prominent in the muscles of older animals than
in young ones (132). The researchers found that the
concentration of NF-KB protein in older human muscles was
four-fold higher than in young muscles. This increase in
concentration is associated with anabolic signaling defects that
lead to muscle wasting and aging. They also showed that proteins
(IKKg, IkBa, and p65) increase with age in the soleus muscle
(117). In sarcopenic obesity, IKK levels also increase (6). In
addition, it is has been shown excessive expression of muscle IKK
in transgenic mice leads to severe muscle atrophy (131).

Exercise studies show an increase in NF-KB inhibitory
proteins IkBa after a moderate exercise program. In this way,
exercise reduces the activation of the NF-KB pathway and
decreases the levels of IL-6, IL-1B, and TNF-a mRNA in obese
mice (133, 134). In aging mice with muscle NF-kB knockout,
physical function increases, and more resistance to atrophy is
shown (135). In addition, regular exercise suppresses high levels
of NF-KB in aging, and acute fatiguing exercise could reduce NF-
KB activity in human muscles (135). In this regard, 10 weeks of
endurance training in the inflammatory condition significantly
reduce NF-KB protein and expression of Atrogin-1 and MuRF-1
genes compared to the control group. Therefore, endurance
training seems to affect the atrophy mechanisms of NF-KB/
Atrogin-1/MuRF-1 (136, 137). Exercise has been shown to
reduce serum leptin, IL-6, TNFa, and resistin levels in obese
mice and inhibit the MuRF-1 and NF-kB-associated pathway.
Exercise increases the SIRT1-AMPKa-PGC1a pathway, the
mitochondrial complex IV and I-V, and genes related to
mitochondrial biogenesis such as Nrf1 and Tfam. Finally,
exercise prevents the reduction of muscle mass and cross-
section of the muscle (133). There is also evidence that there
are two binding sites for NF-KB in the myostatin gene, which is
activated by ROS under hypoxic conditions, but exercise related-
muscle hypertrophy is associated with a decrease in myostatin
and NF-KB (138). Thus, the above studies have shown that
sarcopenic obesity increases inflammatory factors such as IL-6,
TNF-a, and resistin, which in turn lead to muscle atrophy
through the myostatin, NF-KB, and MURF-1 pathways. While
this process can be stopped through adaptation to exercise.
Therefore, appears physical activity can be recommended as a
golden intervention to fight sarcopenic obesity.
THE EFFECT OF RESISTANCE AND
ENDURANCE TRAINING ON SARCOPENIC
OBESITY

Resistance exercise is one of the most effective non-invasive ways
to deal with decreased muscle mass and strength, increased
adipose mass in older people with sarcopenic obesity (139).
Regular exercise by increasing IGF-1 expression as a myokine
can reduce the symptoms of sarcopenic obesity and the risk of
falls, and increase muscle strength and hypertrophy (140). While
older muscles may reduce IGF-I induction and be resistant to
IGF-I, resistance exercise reverses this process and protects
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against sarcopenic obesity by overexpressing IGF-I muscles
(141). Another study found that resistance training after 12
weeks by increasing IGF-1 is an effective tool for muscle
hypertrophy and reduced training-related adaptations due to
aging (142). In aging people, exercise through mechanical
overload increases IGF-1 and mTOR levels to induce protein
synthesis, activate satellite cells, and reduce muscle fat (143, 144).
In aging women, decreased FOXO3A and myostatin RNA are
associated with exercise-induced muscle hypertrophy (145). In
addition, one session of intense endurance and heavy strength
training leads to a temporary increase in plasma irisin
concentration in obese people. This study stated that Intense
endurance training and strength training also significantly
increase PGC-1a expression, which is involved in controlling
FNDC5 transcription (51, 146). In obese people, an increase in
circulating FGF-21 levels is observed after exercise to regulate
energy metabolism by stimulating glucose and lipid oxidation
(147, 148). In people with sarcopenia, interval training has been
shown to increase LIF and LIF receptor (LIFR) expression and
STAT3 phosphorylation in gastrocnemius muscles, leading to
decreased apoptosis and increased cell proliferation. There was
also a significant negative correlation between skeletal muscle
atrophy and LIF expression. Thus, interval training reverses
skeletal muscle atrophy by reducing apoptosis and repairing
cell proliferation in the gastrocnemius muscle (149, 150). On the
other, one study exposed 68-year-old men to low-, medium-, and
high-intensity strength training. In this study, leptin levels
decreased in all interventions, while adiponectin increased only
in medium and high-intensity resistance training. During the
non-training period, training-related changes were maintained
only in the high-intensity resistance training group (151). Older
postmenopausal women also participated in a four-month
strength training program with two training sessions per week.
After 16 weeks of training, leptin and resistin levels were
reported significantly lower than baseline levels. The
researchers concluded that strength training is effective in
improving upper and lower limb strength in older women
(152). In another study, 63-year-old sedentary women
participated in 16 weeks of resistance training. Interleukin-6,
leptin, and resistin decreased after exercise compared to baseline
levels (153). In addition, in an animal study, the protein levels of
irisin, IL15, LIF, and BDNF in the soleus muscle of aging mice
increased significantly after 12 weeks of resistance training (58).
In aging men, moderate-intensity endurance and resistance
training, myokines such as LIF, IL-4, IL-6, IL-7, IL-15, decorin,
apelin receptor, and irisin are upregulated in muscles (107, 154)
(Figure 2). It was also emphasized that 4 weeks of exercise
stimulates muscle apelin and then plasma apelin so that
decreased muscle apelin production due to aging can be
reversed by chronic exercise (101). Contraction-induced
muscle apelin can help older people by affecting mature muscle
fibers, the process of cell renewal, muscle regeneration, and
satellite cells differentiation (101). There is evidence that after
one year of resistance training, IKKB mRNA, TNF-a mRNA,
and IL-1b mRNA levels in the old male group significantly
decrease compared to baseline levels (154). Overall, strength
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training increases interleukins 6, 10, and 15, IGF-1, irisin, FGF-
21, LIF, adiponectin, and apelin, while decreasing myostatin,
FOXO, leptin, resistin, and NF-KB (Figure 2). Accordingly,
strength training in people with sarcopenic obesity increases
protein synthesis and decreases adipose tissue and pro-
inflammatory factors (Figure 2).
THE EFFECT OF BLOOD FLOW
RESTRICTION (BFR) EXERCISES ON
SARCOPENIC OBESITY

Strength training with intensities greater than 60 to 70% of 1
repetition maximum is known as a golden standard intervention
to maintain muscle function in aging. However, under clinical
conditions, high-intensity exercise is not always possible for
elderly and debilitated patients (155). Therefore, blood flow
restriction (BFR) exercises are recommended, which are
usually performed with a load of 15 to 30% of 1 repetition
maximum, which in turn leads to an increase in muscle strength
and hypertrophy as much as exercises with traditional heavy
methods (156). Exercise studies have reported that resistance
training with an intensity of more than 70% of 1 repetition
maximum, is a strong stimulus for protein synthesis and
hypertrophy. However, low-intensity resistance training with
20 to 50% of 1 repetition maximum, combined with BFR,
results in similar increases in muscle size and strength
compared to high-intensity resistance training (143).

One study found that BFR training combined with walking
and traditional elastic band training in the elderly resulted in
muscle hypertrophy of less than 1% to 2.6% per week and
increased muscle strength of less than 1% to 5.9% per week.
Finally, researchers stated that BFR training is a good
intervention to reduce sarcopenia and increase muscle strength
(156). Isometric exercise combined with BFR increases the
concentrations of FGF-21, IL-6, IL-10, TNFa, and VEGF
during exercise while decreasing oxygen saturation. These
factors indicate the relationship of hypoxic environment
affected by BFR with inflammatory cytokines. BFR training
activates hypoxia-inducing factor (HIF-1a) by reducing oxygen
delivery to the muscles and creating a hypoxic environment,
which in turn increases HIF-1a by increasing NF-KB to the cell
nucleus and then Increases the expression of inflammatory genes
such as IL-6 and TNF-a. Neutrophils and macrophages in turn
release IL-6 and TNFa, IGF-1, basal fibroblast growth factor
(bFGF), transformer growth factor (TGF), and mechanical
growth factor (MGF). Muscle hypertrophy is then stimulated
by the IGF-1/AKT/mTORC1 pathway. On the other hand, ROS
production via the IGF-1 and MAPK pathways stimulates the
hypertrophic response to mTORC1 to regenerate muscle and
activate satellite cells (157). In confirmation of this, exercise
studies have shown that strength training with BFR improves
skeletal muscle mass index, grip strength, C-reactive protein,
oxidative stress, IL-6, and IGF-1 (155). However, after low-
intensity BFR training, an increase in MAPK signaling (Akt
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ERK, p38 MAPK) is observed due to mechanical transmission or
cellular stress to regulate skeletal muscle differentiation and
proliferation. There is evidence that low-intensity BFR
temporarily increases systemic GH and localized IGFs for
proliferation and differentiation of satellite cells, both of which
affect mTORC1 (158). In the elderly, skeletal muscle has not been
shown to respond well to anabolic stimuli. For example, in
response to acute resistance training, older people are less able
to activate mTORC1 or increase muscle protein synthesis in the
first 24 hours after exercise. However, BFR training in the elderly
can overcome this dysfunction. BFR training stimulates muscle
protein synthesis and mTORC1 signaling similar to high-
intensity resistance training (143). A study reported that BFR
training increases IGF-1, GH, and lactic acid in older people.
This study suggested BFR exercises as an effective exercise
method to improve the elderly and disabled (159). Electrical
stimulation and BFR training also increase the expression of the
FNDC5 protein, a source of irisin. The study found that BFR
training is beneficial for the elderly and disabled (160). BFR
exercises have been reported to increase irisin and decorin, which
Frontiers in Endocrinology | www.frontiersin.org 14
play an important role in muscle hypertrophy. These studies
found BFR exercise useful for the elderly and obese (161, 162). In
middle-aged women, in the traditional high-intensity resistance
training group with low-intensity BFR resistance training
compared to the control group, there is a significant increase
in muscle volume, strength, and endurance. It was also reported
that myostatin levels decrease after both types of resistance
training (163). There is evidence also that in 68-year-old men,
the concentrations of myostatin and follistatin in the BFR group
decrease and increase (164). In aging people, Proteolytic genes
such as FOXO3A, Atrogin-1, and MuRF-1 have been reported to
decrease after 8 hours of BFR training (143). Therefore, based on
the above studies, it can be said that resistance training with BFR
increases myokines and muscle hypertrophy pathways, which in
turn reduces protein degradation and muscle atrophy. There are
limited studies on adipokines and BFR training. For example, an
exercise study has shown that walking with BFR increases
adiponectin in obese women (165). Another study showed that
moderate-intensity endurance exercise in combination with BFR
significantly increases the apelin receptor in aging mice (166).
FIGURE 2 | The effects of exercise and sarcopenia obesity on myokines and adipokines. The description is available in the text.
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There is evidence that low-intensity endurance exercise plus BFR
alters the expression of cardiac apelin receptors, leading to
hypertrophy and ventricular conduction in older mice. It has
also been shown that low-intensity exercise alone increases
apelin receptor expression, but exercise with BFR increases
apelin receptor expression more than exercise alone (167, 168).
Therefore, further studies are needed to clarify the effect of
resistance training with BFR on adipokines in people with
sarcopenic obesity.
CONCLUSION

Myokines and adipokines have been shown to undergo changes
in people with sarcopenic obesity. For example, interleukin-6, as
an adipokine, and myostatin increase with inactivity in people
with sarcopenic obesity. These factors then cause muscle atrophy
by decreasing the IGF-1/PI3k/Akt pathways, suppressing the
mTOR pathway, and increasing the NF-KB and FOXO-1
pathways (6, 13, 45). In recent years, an exercise therapy
approach has been proposed to combat sarcopenic obesity.
Because after resistance and endurance training, IL-6 as a
myokine, IGF-1, IL-10, and IL-15 increase, while MuRF and
myostatin decrease with increasing PI3K/AKT, PGC1-a, and
JNK pathways (43, 49, 117) (Figure 1). Then, the Ras/Raf/ERK
pathway and the Akt/mTOR/p70S6K axis are activated by IGF-I,
which can increase muscle cell proliferation, differentiation, and
survival and prevent muscle atrophy (1). Then Akt inhibits
FOXO to suppress protein degradation factors (13).
Subsequently, with increasing IL-10, persistent inflammation in
people with sarcopenic obesity decreases by suppressing
macrophages and inflammatory factors such as TNF-a, IL-2,
and IL-6 (13, 28). In addition, increasing IL-15 activates the JAK/
STAT, PI3K/Akt pathways as well as the AMPK pathways (29).
In general, exercise by activating these pathways reduces
inflammation and muscle protein degradation and increases
protein synthesis and hypertrophy. Other myokines that are
reduced in people with sarcopenic obesity are irisin, FGF-21, and
LIF. Decreasing these factors increases inflammation,
mitochondrial dysfunction, increased white fat, decreased body
temperature, and muscle atrophy. However, exercise with
Frontiers in Endocrinology | www.frontiersin.org 15
increased irisin via PGC1-a/TFAM/NRF1, IGF1-a/AKT/
mTOR, and AMPK/PGC1-a/FNDC5 pathways lead to
increased mitochondrogenesis, increased hypertrophy, and
increased brown fat (51, 53) (Figure 1). In addition, increased
FGF-21 and LIF during exercise may lead to decreased
inflammation, increased mitochondrial function, increased
thermogenesis, increased muscle hypertrophy, decreased
atrophy, and the conversion of white fat to brown via the JAK/
State/PI3K/Akt/mTOR (74, 80, 81).

On the other hand, an exercise-induced increase in leptin
sensitivity through AMPK leads to a decrease in muscle
triglycerides, myostatin suppression, and MuRF. Leptin then
stimulates muscle hypertrophy through the IGF-1/AKT and JAK/
STAT pathways (1, 83). In addition, exercise-induced adiponectin
and apelin lead to mitochondrial biogenesis, decreased
inflammation, decreased muscle atrophy, increased muscle
hypertrophy, increased brown fat, decreased white fat, increased
thermogenesis, decreased sarcopenic obesity, and increased
myogenesis (82, 90, 101, 103). On the other hand, there are
recommendations for using exercise therapy, especially BFR, to
combat sarcopenia obesity. In this regard, it has been shown that
BFR leads to an increase in IL-6, IL-10, irisin, IGF-1, adiponectin
and apelin, and MAPK, MGF (143, 157, 160, 161, 165, 166). Then
these factors reduce white fat, increase brown fat, increase
hypertrophy, reduce atrophy, and increase thermogenesis in
people with sarcopenic obesity (143, 157, 160, 161, 165, 166).
Therefore, it seems that exercises such as aerobic exercise and
resistance training with BFR can be a standard non-invasive
intervention for people with sarcopenic obesity. While the effect
of resistance exercise with BFR on adipokines due to lack of data
needs further study. It is also recommended that future studies focus
on the effects of exercise and BFR alongwith othermethods such as
gene therapy, dietary supplements, and cell therapy. In addition,
studies can examine the synergistic effects of exercise-induced
cellular mechanisms and BFR along with other invasive methods.
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23. Álvarez-Rodrıǵuez L, López-Hoyos M, Muñoz-Cacho P, Martıńez-Taboada
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