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Summary

Sarcopenic obesity (SO) is a complex pathological condition
characterized by the simultaneous presence of excessive adipose
tissue and the loss of muscle mass and strength. This
combination leads to an increased risk of metabolic,
cardiovascular, and functional complications. In recent years,
there has been growing interest in the use of microRNAs
(miRNA) as biomarkers capable of detecting early changes in
body composition and predicting the progression of SO. MiRNAs
are small noncoding RNA molecules that play a key role in
regulating gene expression and cellular pathways related to
inflammation, metabolism, and muscle trophism. This article
summarizes current knowledge about miRNAs expression in
patients with sarcopenic obesity, their regulatory functions, and

their potential use in diagnostics and therapy.
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Introduction

During the past two decades, there has been
a dramatic increase in the prevalence of obesity, which
has become a serious global health issue with significant
socioeconomic consequences. In countries in Central and

Eastern Europe, including the Czech Republic, obesity is
among the leading epidemiological threats [1]. According
to the results of a large epidemiological study conducted
in the Czech Republic, 30 % of the population is
overweight and an additional 25 % is obese [2],
significantly increasing the incidence of cardiometabolic
diseases, functional impairments, and mortality.

Current therapeutic approaches to obesity
with
modification as the cornerstone, emphasizing a balanced

involve a comprehensive strategy, lifestyle
diet, caloric restriction, and increased physical activity.
Pharmacotherapy serves as an adjunct method, with the
primary objective of supporting behavioral changes and
preventing a decrease in the basal metabolic rate. Despite
these options, the long-term success of conservative
methods remains limited. Since the late 1990s, bariatric
(metabolic) surgery has become the most effective
method of treating obesity [3]. Although conservative
approaches fail in over 80 % of patients in the long term,
metabolic surgery achieves sustained success in more
than 80 % of operated individuals [4].

surgical treatment has been confirmed to be more

Furthermore,

effective than pharmacological therapy alone, even after
5 years of follow-up [5].

Despite significant success in weight reduction
and metabolic improvement, obesity patients, including
those after bariatric surgery, are still at increased risk of
developing additional comorbidities such as type2
diabetes mellitus, liver steatosis, hypertension, and
dyslipidemia. attention must

Special be paid to

a condition known as sarcopenic obesity, which combines
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muscle mass loss and strength with increased fat mass,
representing a synergistic factor for the progression of
metabolic, cardiovascular, and functional disorders [5].
Although there is no universally accepted definition of
sarcopenic obesity, sarcopenia itself is clearly defined as
the gradual and generalized loss of muscle mass and
strength, according to the consensus of the European
Working Group on Sarcopenia in Older
(EWGSOP) [6].

The development of sarcopenia is primarily

People

driven by aging, during which a loss of muscle mass of
1 to 2% per year occurs after the age of 50 [7]. This
process is accompanied by a decrease in muscle strength,
impaired neuromuscular coordination, and changes in
body composition. However, it is not limited to older age
groups; alterations in the ratio of muscle to fat mass are
also observed in younger obese individuals, significantly
contributing to the development of health complications.
Numerous studies suggest that obesity and associated
insulin resistance can significantly accelerate the onset of
sarcopenia, while muscle mass loss itself may reduce
thus
facilitating further weight gain and the progression of

energy expenditure and basal metabolism,
obesity [8]. In addition, reduction in muscle mass limits

insulin-sensitive tissue, further exacerbating insulin
resistance and metabolic dysfunction.

Thus, sarcopenic obesity is associated with
an increased risk of developing a variety of serious health
conditions, including hypertension [9], increased arterial
stiffness [10], dyslipidemia [11], nonalcoholic fatty liver
discase (NAFLD) [12], insulin resistance [13], knee
osteoarthritis, and osteoporosis with a greater risk of falls
and fractures [14]. Furthermore, it is associated with
cognitive decline and reduced physical -capabilities,
severely impacting the quality of life of affected
individuals [15].

In recent years, microRNAs (miRNAs) have
attracted considerable research interest because of their
potential as noninvasive biomarkers. They are stable in
body fluids and allow for early detection of cellular
changes. In the context of sarcopenia, obesity and their
combination, specific miRNA profiles have been
identified that correlate with loss of muscle mass,
increased fat accumulation, and inflammatory activation

[1,6,7].

Methods

For the purposes of this review article, a literature

search was conducted that focused on the relationship
between microRNA (miRNA) and sarcopenic obesity. The
search was carried out during March and April 2025 in the
following databases: PubMed, Scopus, and ScienceDirect
(Web of Science). The identified miRNAs were subse-
quently examined using specialized biological databases,
namely miRBase and miRNet, to gain a deeper under-
standing of their biological functions and target gene
regulation.

The search strategy involved the use of specific
keywords and their combinations: “microRNA”, “miRNA”,
“sarcopenic obesity”, “sarcopenia”, and “obesity”.

Priority was given to articles published within the
last ten years that directly addressed the relationship between
miRNAs and sarcopenic obesity. Only peer-reviewed
articles published in English with an available abstract were
included in the review.

Based on this search strategy, only five relevant
articles were identified that met the criteria mentioned above
[16-20].

This low number of publications highlights the fact
that the field of miRNA research in the context of sarcopenic
obesity remains significantly underexplored, emphasizing
the current relevance and research potential of this topic.

MicroRNA (miRNA)

MicroRNAs (miRNAs) are short (18-24 nucleo-
tide) noncoding RNA molecules that play a key role in the
posttranscriptional regulation of gene expression. They
originate from primary transcripts (pri-miRNAs), which are
processed by the enzymes Drosha and Dicer and
subsequently incorporated into the RNA-induced silencing
complex (RISC). Within this complex, miRNAs act on
target mRNAs by blocking their translation or inducing their
degradation [21-23]. Figure 1 provides an overview of
coding and non-coding RNAs within the human genome,
highlighting the position of miRNAs among non-coding
RNA species. This process is further illustrated in Figure 2,
which depicts the key steps of microRNA biogenesis from
primary transcripts to their incorporation into the
RISC complex.

MiRNAs are involved in a wide range of biological
processes, including regulation of cell proliferation,
differentiation, apoptosis, glucose and lipid metabolism, and
immune responses [24,25]. Their stability in blood, urine,
and other body fluids makes them promising biomarkers,
and due to their specific regulatory effects, they are also

being considered potential therapeutic targets [26,27].
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Analysis and pre-analysis
circulating miRNAs

aspects of

Reliable analysis of circulating miRNAs requires
not only rigorous control of preanalytical factors but also
a standardized analytical workflow. The process typically

RNA polymerase II.

involves total RNA subsequent reverse
transcription of RNA in ¢cDNA, and quantification using
real-time PCR (RT-qPCR),

generation sequencing (NGS) or microarray technologies

isolation,
or alternatively, next-

[47,48]. A critical step is appropriate data normalization,
which remains challenging due to the absence of
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a universally accepted reference marker [44,45].

The preanalytical phase plays a pivotal role in
the analysis of circulating miRNA, as does the analysis of
laboratory diagnostics. Hemolysis is considered one of
the most significant interfering factors in this context, as
it results in the massive release of erythrocyte-derived
miRNAs, particularly miR-16 and miR-451, which can
artificially distort analytical results. To assess the
integrity of the sample, the miR-451a/miR-23a ratio has
been proposed as a reliable indicator of hemolytic
interference [44-46]. Standardization of preanalytical
procedures, including the choice of biological material
(plasma vs. serum), sampling conditions, time to
centrifugation, and sample storage and transport, is
essential to ensure both the stability and reproducibility

of the results [47,48].

The significance of individual microRNAs in
sarcopenic obesity according to available
publications

Dowling et al. [16], in their review, identified
a total of 24 microRNAs whose expression is altered in
both obesity and sarcopenia. Twenty-two of these
miRNAs were detected in plasma, one in serum, and one
in skeletal muscle. The authors discuss their potential use
as biomarkers in the context of sarcopenic obesity. For
these 24 miRNAs, they also describe their known
biological functions with references to the available
literature (Table 1).

The study by Pedraza-Vazquez et al. [17]
investigated the impact of low-intensity lifelong exercise
on changes in miRNA expression during aging and its
potential role in the prevention of osteosarcopenic obesity
(OSO0). In this study, laboratory rats were used to observe
the effects of lifelong physical activity on body
composition, muscle function, inflammatory status, and
expression of specific miRNAs.

Rats were divided into two main groups based
on lifestyle — sedentary (SED) and lifelong resistance
exercised rats (LRER) — and further subdivided according
to age ranges: 8-12 months (young), 12-18 months
(middle-aged) and 18-24 months (older). In each age
group, miRNA
gastrocnemius muscle using microarray analysis.

expression was assessed in the

In the 8-12 month group, six common miRNAs
were found in both the SED and LRER groups, showing
opposite expression trends — up-regulated in SED and down-
regulated in LRER.

In the
common miRNAs were identified. Five of them showed

second group (12-18 months), ten

reduced expression in both groups; however, the degree
of down-regulation was lower in the exercised group
compared to the sedentary rats.

In the 18-24 month group, five miRNAs were
identified that were down-regulated in sedentary rats and
up-regulated in the exercise group. Detailed information
on the identified miRNAs is provided in Table 2.

Chen et al. [18], in their review, focused on the
main mechanisms by which exercise positively influences
body
improves mitochondrial quality, and regulates hormonal

composition, reduces chronic inflammation,
balance. Special attention is paid to the role of myokines
and modulation of miRNA expression, which plays
a crucial role in the regulation of muscle regeneration, fat
metabolism, and inflammatory processes. The article also
highlights the need for further research to identify
optimal exercise regimens and validate circulating
miRNAs as potential biomarkers for sarcopenic obesity.
Regarding miRNAs, the authors point out that
the expression of certain miRNAs, such as miR-628-5p,
increases with age and its elevated levels affect muscle
cell regeneration. Acute resistance exercise in elderly
thus

promoting muscle regeneration. Exercise also stimulates

individuals suppresses miR-628-5p expression,
the expression of other miRNAs in adipose tissue, such as
miRNA-155-5p, miRNA-329-3p, and miRNA-377-3p,
improving lipolysis and improving insulin sensitivity.

Furthermore, the authors note that exercise
reduces chronic inflammation by increasing the
expression of miRNAs such as miRNA-146d-5p,
miRNA-152-3p, miRNA-296-3p, and miRNA-20a-5p,
thus decreasing the ratios of pro-inflammatory to anti-
inflammatory cytokines.

Rehabilitation exercise in sarcopenic patients
increases miRNA-355-5p and miRNA-657 levels, which
regulate inflammation and are associated with improved
physical function. According to Chen et al [18],
miRNAs such as miRNA-23a, miRNA-27a and miRNA-
133a, which support muscle regeneration, could play
an important role in the diagnosis and monitoring of
sarcopenic obesity.

Wilhelmsen ef al. [19] in their review focused on
the crosstalk between adipose tissue and skeletal muscle
in the context of aging and obesity, particularly with
respect to the development of sarcopenia and sarcopenic

obesity.
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Table 1. miRNA associated with sarcopenic obesity according to Dowling et a/. [16].

Analyzed
N. miRNA Expression Function .
material
1 miRNA-106a-5p i Inhibits myogenesis Plasma
. Targets IGF-1, suppresses activation of p-AKT, p-MEK, and p-
2 miRNA-18b-5p 1 . o Plasma
ERK1/2, involved in inflammatory pathways
. Regulates the cell cycle and proliferation, negatively correlates
3  miRNA-193b-5p ) . Plasma
with BMI and blood glucose levels
. Inhibits GIP and GLP-1 production, influences glucose metabolism;
4  miRNA-197-3p 1 ] ] ) T Plasma
elevated after intensive resistance training in young adults
. Targets SIRT1 and GLUT4, regulates glucose uptake, and
5 miRNA-199a-5p l . . Plasma
promotes apoptosis and ROS formation
. Targets IGF-1, inhibits myoblast proliferation, promotes
6  miRNA-483-3p 1 - ) . Plasma
apoptosis in hyperglycemic cardiomyocytes
Associated with the slow-twitch muscle fiber phenotype in
7 miRNA-499 l humans, a regulator of mitochondrial function in myocytes; Plasma
expression is increased in diabetic and obese mice
. Limited studies regarding muscle/obesity; associated with bone
8  miRNA-550a-3p 1 Plasma
structure parameters
9  miRNA-576-5p 1 Function in the context of muscle/obesity remains unclear Plasma
. Decreased after TGF-f stimulation; function in muscle/obesity
10 miRNA-589-5p 1 . Plasma
remains unclear
. Systematically reduced after bariatric surgery; influences brown
11 miRNA-92a-3p 1 ] o ] ] ] Plasma
fat differentiation and mitochondrial function
12 miRNA-1224-5p 1 Targets AMPKal; contributes to lipid accumulation in the liver Plasma
13 miRNA-1246 i Elevated in diabetic nephropathy; positively correlates with BMI Plasma
. Elevated with high-fat diet consumption; limited studies in
14  miRNA-145-5p 1 . . Plasma
obesity/sarcopenia
15 miRNA-196a-5p 1 High expression in myoblasts; suppresses mitochondrial biogenesis Plasma
16 miRNA-296a-3p i Decreased expression of miRNA-296-3p promotes cell proliferation Plasma
. Targets STAT3 in fibroblast cell lines; limited studies in the
17  miRNA-29b-2-5p 1 . Plasma
context of muscle/obesity
18 miRNA-301b-3p l Regulates myogenic differentiation via Rblccl Plasma
. Limited studies; function in the context of muscle/obesity remains
19 miRNA-378c 1 Plasma
unclear
. Limited studies; function in the context of muscle/obesity remains
20 miRNA-4732-5p i Plasma
unclear
. Limited studies; function in the context of muscle/obesity remains
21 miRNA-487a-3p l Plasma
unclear
22 miRNA-766-3p i Increased in older adults, influenced by training Plasma
. Elevated after resistance or endurance exercise; protects muscle
23 miRNA-23a-3p 1 Serum
from atrophy
. Targets IGF-1 in mice and human myocytes, influences protein Skeletal
24 miRNA-424-5p 1 ] ] e )
synthesis and insulin signaling muscle
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Table 2. Overview of miRNA by laboratory rat grouping and expression patterns. Pedraza-Vazquez et a/, [17].

Number of . . .
Group (Age) . Regulation Pattern List of miRNA
Shared miRNA
) rno-miRNA-134-5p, rno-miRNA-678,
Upregulated in sedentary, ) )
8-12 months 6 . . rno-miRNA-23a-5p, rno-miRNA-125a-5p,
downregulated in exercised ) .
rno-miRNA-6332, rno-miRNA-375
) rno-miRNA-30e-5p, rno-miRNA-1839-5p,
Upregulated in sedentary, ) )
12-18 months 5 . . mo-miRNA-194-5p, rno-miRNA-10b-5p,
downregulated in exercised :
mo-miRNA-497-5p
mo-miRNA-494-3p, rno-miRNA-127-3p,
12-18 months 5 Downregulated in both groups mo-miRNA-672-5p, rno-miRNA-32-3p,
mo-miRNA-122-5p
U lated i ised rno-miRNA-152-3p, rno-miRNA-146a-5p,
regulated in exercised, : i
18-24 months 5 preg mo-miRNA-1839-5p, rmo-miRNA-296-3p,

downregulated in sedentary

rno-miRNA-20a-5p

They demonstrated how adipose tissue, now
recognized as an endocrine organ, influences muscle
mass and function through the secretion of various
factors, including cytokines (e.g., resistin, adiponectin,
leptin, lipocalin-2, myostatin), myokines, adipokines,
long noncoding RNAs (IncRNAs), and miRNAs.

MiRNAs are key regulators of gene expression
and play a crucial role in maintaining muscle mass, muscle
cell differentiation, and adipose tissue metabolism,
especially in the context of aging and obesity.

miRNA-130b, produced by adipocytes during
adipogenesis and elevated in obesity, as well as
miRNA-31, miRNA-223, and miRNA-33a, are consi-
dered potential mediators of the adverse effects of obesity
on muscle mass regulation.

MiRNA-133a and miRNA-133b, which typically
promote myoblast proliferation, along with miRNA-1 and
miRNA-206, which support myogenesis, are influenced
by obesity and aging. Therefore, targeted manipulation of
specific miRNAs could represent a novel therapeutic
strategy to combat muscle mass loss and to treat
sarcopenic obesity.

Papadopoulos et al. [20] investigated the key role
of miRNA-155 in the pathogenesis of type 2 diabetes
mellitus (DM2), which is closely linked to sarcopenia and
obesity. MiRNA-155 is a small noncoding RNA molecule
that regulates the expression of more than 241 genes and
significantly affects insulin signaling, inflammatory
pathways, oxidative stress, and the regulation of the
angiotensin II type 1 receptor (AT1R) within the renin-
angiotensin-aldosterone system (RAAS). The authors
report that miRNA-155 levels are significantly decreased

in DM2, obesity, and sarcopenia, leading to worsening
insulin resistance and disease progression.

in miRNA-155 results
deregulation of its key target genes, which contributes to

A decrease in the
impaired glucose homeostasis, increased inflammation,
oxidative stress, and pancreatic B-cell loss.

Specifically, reduction in miRNA-155 allows
excessive activation of RAAS through angiotensin II
through the ATIR receptor, exacerbating adverse effects
on the vasculature, kidneys, and metabolism.

The article emphasizes that future therapies
could focus on the targeted administration of synthetic
miRNA-155 analogs to improve insulin sensitivity,
protect B-cells, and attenuate the adverse effects of
RAAS activation in DM2.

Genetics and molecular mechanisms
regulating miRNA in sarcopenic obesity

Sarcopenic obesity represents the result of
a complex interaction between genetic factors and
environmental influences such as nutrition, physical
activity, and aging. A significant component of this
interaction involves single nucleotide polymorphisms
(SNPs), which may influence the expression of
microRNAs (miRNAs) and therefore modulate their
regulatory effects on gene expression [22,23,34,35].

One of the most extensively studied genetic
polymorphisms in the context of muscle function is the
R577X variant of the ACTN3 gene, which has been
associated with reduced muscle strength. This genetic
variant may also affect the expression of miRNA-1 and
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miRNA-133, two miRNAs that play essential roles in
myogenesis, the process of muscle fiber formation and
regeneration [34-36,42].

The results of genome-wide association studies
(GWAS) have identified several additional genetic
variants associated with obesity risk and metabolic
disorders, particularly within the FTO, MC4R, NUDT3
and GPDIL genes.
adipogenesis and the regulation of energy metabolism,

These genes are involved in

their activity being partially regulated by specific
miRNAs [24,37].

Special attention should be paid to miRNAs
directly involved in muscle metabolism, particularly
miRNA-486, miRNA-1, miRNA-133a and miRNA-206.
The expression of these miRNAs varies depending on the
individual's genetic background and level of physical
activity, reflecting their sensitivity to exercise-induced
stress and adaptive responses [8,40-42].

In experimental studies, for example, Alexander
et al. [40] described the effect of miRNA-486 on the
DOCK3/PTEN/AKT signaling pathway, which is critical
for muscle cell growth and survival [40]. Likewise,
Li et al. [38] demonstrated that circulating miRNAs
exhibit significant changes in expression in response to
their
biomarkers of muscular load and adaptation [38,40].

physical activity, underscoring potential as

Mutual regulation of microRNAs and
myokines in the pathogenesis of sarcopenic
obesity

In recent years, the interaction between
microRNAs (miRNAs) and muscle-derived cytokines,
known as myokines, has been recognized as a key factor
in the pathogenesis of sarcopenic obesity. Myokines are
bioactive proteins secreted by skeletal muscle tissue in
response to contraction or metabolic stress. Among the
most studied are irisin, myonectin, interleukin-6 (IL-6),
myostatin, and insulin-like growth factor 1 (IGF-1). In
individuals with sarcopenia, there is a reduction in
proteoanabolic myokine production (eg IGF-1, IL-15)
and a simultaneous increase in catabolic factors such as
myostatin, which inhibits muscle growth and promotes

lipogenesis [21-25]. These alterations significantly
influence the expression of muscle-specific miRNAs
(eg miRNA-1, miRNA-133, miRNA-206), which

regulate  the  proliferation, differentiation, and

regeneration of muscle cells [26-28,42].
certain  miRNAs

In contrast, influence the

production and signaling of myokines. For example,
miRNA-486 enhances IGF-1R expression and activates the
PI3K/AKT signaling pathway, miRNA-206 suppresses
myostatin expression; and miRNA-21 and miRNA-155
promote inflammatory responses that attenuate the anabolic
effects of myokines such as IL-15 [26-30].

Dysregulation of this miRNA-myokine network
leads to an imbalance between anabolic and catabolic
signals, resulting in progressive muscle loss accompanied
by fat accumulation, hallmarks of sarcopenic obesity.
miRNAs and
myokines provides a novel approach to understanding

Integrating knowledge about

interorgan signaling between skeletal muscle and adipose
tissue. It also opens new avenues for multimodal
diagnostics and targeted therapeutic strategies in the
management of sarcopenic obesity.

Conclusions

MicroRNAs (miRNAs) and myokines represent
two key classes of molecules involved in the regulation of
and body
composition. Their mutual interaction forms a complex

muscle metabolism, immune function,
regulatory network that significantly contributes to the
development and progression of sarcopenic obesity.
Dysregulation of these systems leads to chronic
inflammation, impaired muscle regeneration, and fat
accumulation within muscle tissue [21-28].

Research on miRNAs in the context of
sarcopenic obesity is still in its early stages, as reflected
by the very limited number of available studies.
However, existing data already suggest that miRNAs
hold considerable potential not only as noninvasive
biomarkers that enable early diagnosis but also as
therapeutic targets capable of influencing disease
progression. Due to their stability in body fluids, tissue-
specific expression, and the ability to reflect metabolic
status in muscle and adipose tissue, miRNAs could be
used to detect at-risk individuals with sarcopenic obesity
and to monitor the effectiveness of therapeutic
interventions [16-20].

In diagnostics, the analysis of circulating
miRNAs could facilitate the early detection of muscle
atrophy and metabolic disturbances, prediction of the
progression of sarcopenic obesity, and monitoring of
treatment response [16-20].

In terms of therapy, modulation of specific
miRNA expression (e.g., via miRNA mimics or

inhibitors), targeted interference with pathogenic
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signaling pathways associated with muscle wasting,

insulin resistance, and inflammation, as well as
personalized treatment approaches based on individual
miRNA profiles, represent promising strategies [19,20].
Therefore, future research should focus on the
detection of miRNAs

sarcopenic obesity, followed by the identification of

in patients with confirmed

candidate miRNAs for the diagnosis and therapy of this

condition. In this context, Table3 was developed,
summarizing the most relevant miRNAs that, according
to the available literature, have the greatest potential for
clinical application in the diagnosis, monitoring and
treatment of sarcopenic obesity. However, it is important
not to overlook the need to conduct clinical validations of
miRNAs as biomarkers, as well as the development of
therapeutic strategies based on modulation of key

Table 3. Overview of candidate miRNAs with potential use in the diagnosis, monitoring, and therapy of sarcopenic obesity according to

available publications.

miRNA

Regulation pattern

Mechanism/Signaling

pathways

Potential use

Reference

miR-155

miR-486-5p

miR-1, miR-133a,
miR-206

miR-23a

miR-145-5p

miR-1246

miR-378

miR-33a

miR-223

miR-628-5p
miR-146d-5p, miR-
152-3p, miR-296-3p,
miR-20a-5p

miR-657, miR-355-5p

Decreased expression
in SO, obesity and
T2DM,; increased with
exercise
Decreased expression
in SO, influenced by
age and genetics

Dysregulation
associated with age,
obesity and training

Increased expression
with exercise, protects
against atrophy
Increased expression
after fat intake
Increased expression
in obesity, positive
correlation with BMI
Increased expression
in obesity
Dysregulation in
obesity

Increased expression
in obesity

Increased expression
with age, decreased
with exercise

Increased expression

with exercise

Increased expression
after rehabilitation

RAAS (AT1R), insulin
signaling, inflammation

Targets IGF-1R,
DOCK3/PTEN/AKT
signaling pathway

Myogenesis,
proliferation, muscle
regeneration

IGF-1/AKT, muscle
regeneration

Regulation of lipid
metabolism
Lipid metabolism,
inflammatory
pathways
Mitochondria, energy
homeostasis
Cholesterol and lipid
metabolism

Regulation of
inflammation

Muscle cell
regeneration

Anti-inflammatory
signaling pathways

Regulation of
inflammation,
functional improvement

Diagnosis,
monitoring,
therapeutic target

Diagnosis,
therapeutic target

Diagnosis,
monitoring of
therapeutic
response

Monitoring
regeneration and
effect of exercise

Diagnostic marker
of metabolic stress

Diagnostic marker

Therapeutic target
(anti-obesity effect)
Risk stratification
of SO phenotype
Marker of
inflammatory
response and SO
Marker of aging and
rehabilitation
response
Monitoring the anti-
inflammatory effect
of exercise
Monitoring
rehabilitation
response

Papadopoulos et al.
[20]; Chen et al. [18]

Alexander et al. [40];
Wilhelmsen
etal [19]
Wilhelmsen et al.
[19]; McCarthy [27];
Chen et al. [18];
Koutsoulidou ef al.
[43]

Chen et al. [18];
Dowling et al. [16]

Dowling et al. [16]

Dowling et al. [16]

Carrer et al. [31];
Dowling et al. [16]

Wilhelmsen et al. [19]

Wilhelmsen et al. [19]

Chen et al. [18]

Chen et al. [18]

Chen et al. [18]
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miRNA expression, ideally in combination with
pharmacotherapy and physical activity [18].

The targeted integration of miRNAs into clinical
practice could fundamentally change the approach to the
prevention, diagnosis, and treatment of sarcopenic
obesity and represents one of the most promising avenues

of personalized medicine in this field [16-20].
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