
Review Article

Obes Facts 2022;15:105–117

MicroRNAs in Obesity-Associated 
Disorders: The Role of Exercise Training

Andre Silveira 

a, b    João Gomes 

a    Fernanda Roque 

a    Tiago Fernandes 

a    

Edilamar Menezes de Oliveira 

a

aLaboratory of Biochemistry and Molecular Biology of Exercise, School of Physical Education and Sport, University 
of Sao Paulo, Sao Paulo, Brazil; bEndurance Performance Research Group (GEDAE-USP), School of Physical Education 
and Sport, University of Sao Paulo, Sao Paulo, Brazil

Received: October 14, 2020
Accepted: June 9, 2021
Published online: January 20, 2022

Correspondence to: 
Tiago Fernandes, tifernandes @ usp.br
Edilamar Menezes de Oliveira, edilarmar @ usp.br

© 2022 The Author(s).
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/ofa

DOI: 10.1159/000517849

Keywords
Obesity · MicroRNA · Microvascular rarefaction · Cardiac 
hypertrophy · Biomarker · Exercise training

Abstract
Obesity is a worldwide epidemic affecting over 13% of the 
adult population and is defined by an excess of body fat that 
predisposes comorbidities. It is considered a multifactorial 
disease in which environmental and genetic factors interact, 
and it is a risk marker for cardiovascular disease. Lifestyle 
modifications remain the mainstay of treatment for obesity 
based on adequate diet and physical exercise. In addition, 
obesity is related to cardiovascular and skeletal muscle dis-
orders, such as cardiac hypertrophy, microvascular rarefac-
tion, and skeletal muscle atrophy. The discovery of obesity-
involved molecular pathways is an important step to im-
prove both the prevention and management of this disease.
MicroRNAs (miRNAs) are a class of gene regulators which 
bind most commonly, but not exclusively, to the 3′-untrans-
lated regions of messenger RNAs of protein-coding genes 
and negatively regulate their expression. Considerable ef-
fort has been made to identify miRNAs and target genes that 
predispose to obesity. Besides their intracellular function, re-

cent studies have demonstrated that miRNAs can be export-
ed or released by cells and circulate within the blood in a 
remarkably stable form. The discovery of circulating miRNAs 
opens up intriguing possibilities for the use of circulating 
miRNA patterns as biomarkers for obesity and cardiovascu-
lar diseases. The aim of this review is to provide an overview 
of the recent discoveries of the role played by miRNAs in the 
obese phenotype and associated comorbidities. Further-
more, we will discuss the role of exercise training on regulat-
ing miRNAs, indicating the mechanisms related to these al-
terations. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Obesity and overweight are defined as excessive fat ac-
cumulation that leads to health risks [1]. Fat cells, or adi-
pocytes, are the main component of adipose tissue, and 
distinct roles have emerged for adipose tissue depots in 
regulating susceptibility to obesity [2]. World Health Or-
ganization (WHO) [1] data have shown that the inci-
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dence of obesity has been increasing since 1975 (quadru-
pled for children aged 6–11 years, tripled in adolescents 
aged 12–19 years, and doubled in adults), and in 2016, 
more than 1.9 billion adults were overweight, and 650 
million were characterized with the obesity phenotype. 
The WHO also characterized obesity as a major risk fac-
tor for the development of chronic diseases such as dia-
betes, cancer, and various cardiovascular disorders, given 
its increasing incidence and prevalence [1]. Therefore, 
obesity leads to various metabolic disorders, which re-
sults in phenotypic and functional damages on adipose 
tissue and the cardiovascular system, as illustrated in Fig-
ure 1 [3–7].

Many therapies have been proposed to decrease the 
prevalence and incidence of obesity, also to mitigate co-
morbidities caused by obesity (i.e., cardiovascular disor-
ders). Exercise and diet are the primary treatments for the 
cardiovascular and skeletal muscle damages caused by 
obesity [8–10]. However, little is known about the mo-
lecular changes in obesity and what possible cellular func-
tions could be used as an anti-obesity treatment.

MicroRNAs (miRNAs) have been studied as a therapy 
for many diseases, including obesity and metabolic disor-
ders [11, 12]. miRNAs are a class of small noncoding 
RNA molecules of 18–22 nucleotides whose main func-
tion is RNA silencing and post-transcriptional regulation 
of gene expression [13, 14]. The miRNA recognizes a 
messenger RNA (mRNA) target by base-pair comple-
mentarity and negatively regulates its expression by in-
hibiting or degrading the mRNA by preventing its trans-
lation into a protein [13, 14]. There are numerous studies 

in the scientific literature that describe the role of miR-
NAs in many cellular processes. Therefore, many efforts 
have been made to modulate the expression of miRNAs 
to inhibit, restore, or even increase their expression to use 
them as a therapy.

Clinical and blood biomarkers for obesity, such as 
body mass index, fasting blood glucose, triglycerides, and 
cholesterol, are well-established predictors of the disease 
and its comorbidities. However, there are limited insights 
regarding the underlying pathophysiology. The use of 
miRNAs as biomarkers in circulation represents an at-
tractive approach for early screening to identify individu-
als at risk of developing diseases and may reflect adipose 
tissue expression [11]. In addition, many studies have 
shown that miRNAs participate in the adipogenesis pro-
cess, such as lipotoxicity in the heart, cardiac hypertro-
phy, atherosclerosis, microvascular rarefaction, pheno-
typic changes in skeletal muscle, and other comorbidities 
[2, 11, 15].

Exercise training is one of the main treatments for 
obesity. It has many well-known effects such as increas-
ing metabolic activity, weight loss, and attenuating obe-
sity sarcopenia, aiding in the regulation of secretion or 
activity of hormones that often show abnormal function 
in obesity (e.g., ghrelin and insulin) and in glycemic 
control [16–19]. In addition, accumulated evidence in-
dicates that exercise training also plays a role in control-
ling the expression of miRNAs [16, 17, 20–23]. There-
fore, the phenotypic and functional effects generated by 
exercise training are also related to molecular and epi-
genetic changes, such as changes in the expression of 

Fig. 1. Adipose tissue and cardiovascular system remodeling and dysfunction in response to obesity.
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miRNAs [24–26]. The therapeutic effects of exercise 
training in obese individuals are also related to the con-
trol of the expression of several miRNAs in different tis-
sues [27].

Therefore, the aim of this review is to describe the role 
of miRNAs as regulators of the obese phenotype. We will 
also review how miRNAs control cellular functions that 
determine changes in tissues and systems, such as adipose 
tissue and the cardiovascular system. The second objec-
tive is to describe the role of exercise training as an agent 
for regulating miRNAs expression and how it can be used 
to give insights for the development of new therapeutic 
tool to alleviate obesity disorders.

The Effects of Exercise Training on Obesity

Physical inactivity is the main cause of most chronic 
diseases [28]. On the other hand, studies show that aero-
bic (i.e., running, cycling, swimming, etc.) and resistance 
(i.e., weightlifting) exercise training are treatments for 
obesity and related metabolic dysfunctions.

Also, keeping an exercise routine is a predictor of long-
term weight maintenance or prevention of weight regain. 
Da Rocha et al. [29] showed a decreased body mass index 
and body fat percentage in obese individuals when there 
was a combination of resistance and aerobic exercise 
training. These data are corroborated by Skrypnik et al. 
[30], who compared the effects of 3-month (1) aerobic 
exercise training and (2) aerobic exercise training com-
bined with resistance training, both on anthropometric 
measures such as body mass index, and circulatory pa-
rameters in obese women. According to the study, there 
was a significant and similar decrease in all mentioned 
parameters in both conditions [30]. Also, the authors 
showed that both endurance and mixed endurance 
strength training promoted significant increases in car-
diorespiratory fitness and exercise tolerance when com-
pared to sedentary condition, counteracting the harmful 
impact of obesity.

Vilarreal et al. [31] tested the difference between (1) 
aerobic training, (2) resistance training, and (3) the com-
bination of both in 141 obese subjects on weight manage-
ment. The participants were subjected to 6-month activi-
ties, and the researchers noted that weight loss was similar 
and significant across all groups compared to the control 
group. The resistance and combined training groups de-
veloped more lean mass than the aerobic and control 
groups. The aerobic training group showed more oxygen 
consumption than the resistance and control groups. The 

data show that physical activities are important for weight 
management in obesity, but combined training is the 
strategy that most achieves positive results.

Aerobic exercise is capable of decreasing the adipose 
tissue content due to an increase in the activity of lipopro-
tein lipase. It leads to an increase in circulation levels of 
the high-density lipoprotein (HDL-cholesterol) and its 
subfraction HDL2. Also there was a chemical composi-
tion of low-density protein (LDL-cholesterol) modifica-
tion, making them less atherogenic [32]. In addition, the 
fat weight loss (≥5% of the baseline body weight) is con-
sidered an effective way of reducing cardiovascular risk 
factors [33]. The STRRIDE study [34] has confirmed that 
there is a dose-response relationship between exercise 
volume and fat mass loss but no significant impact on fat 
mass loss between the moderate and vigorous intensity 
groups, indicating that fat mass loss is more related to ex-
ercise volume than intensity. The current guidelines rec-
ommend 250–300 min of exercise duration per week for 
long-term weight loss and for prevention of weight regain 
in obese individuals [35].

Studies have documented that the inflammatory cyto-
kine secretion production by adipose tissue is elevated in 
the presence of adiposity. The higher inflammatory state 
in obesity contributes to several clinical diseases [36, 37]. 
In fact, the vascular dysfunction, recognized by microvas-
cular rarefaction and decreased blood flow is well-estab-
lished in obesity and associated disorders, leading to tis-
sue hypoxia [38]. Hypoxia has been associated with mac-
rophage infiltration and pro-inflammatory gene 
expression increases, while adiponectin expression and 
anti-inflammatory protein in adipose tissue decrease 
[39]. In contrast, weight loss is able to improve the meta-
bolic syndrome and the chronic inflammation in obese 
subjects [40]. In agreement, findings from several studies 
also support an anti-inflammatory effect of exercise train-
ing on obesity. Exercise training promotes angiogenesis, 
vasodilation, and increased blood supply [16, 17, 21], 
thereby reducing hypoxia and pro-inflammatory cyto-
kines in adipose tissue and other tissues like muscle and 
vessels, and circulation [36, 37].

Studies have been demonstrating that exercise training 
leads to epigenetic changes [41, 42]. Therefore, exercise 
training influences miRNA expression in different cellu-
lar tissues, playing an important role in the programming 
gene expression in pathological and physiological pro-
cesses [23, 43]. The therapeutic effects of exercise training 
in obese individuals are related to the control of the ex-
pression of several miRNAs in different tissues [20–23, 
44].
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Baggish et al. [45], demonstrated that runners had al-
terations in circulating miRNA levels that are abundant 
in specific tissues such as the heart (miRNA-208a), skel-
etal muscle (miRNA-1, -133a and -499-5p), and vessels 
(miRNA-126), after a marathon race (42 km). Interest-
ingly, these miRNAs’ post-run levels returned to their 
baseline values after 24 h, suggesting that miRNAs can be 
used as biomarkers both to determinate the molecular ad-
aptations caused by exercise and to clinically assist in the 
identification of tissue changes [45]. Although the mag-
nitude of tissue-specific miRNA expression and the pre-
cise mechanisms of release of cellular miRNAs to extra-
cellular environment remain largely unknown on the ex-
ercise training scenario, recent studies suggest that the 
expression of these intracellular and circulating miRNAs 
can be associated with the beneficial effects of exercise on 
obesity.

Throughout this review, we have covered studies that 
show the role of miRNAs associated with obesity and its 
comorbidities, as well as the existing evidence on the reg-
ulation of physical exercise on the expression of miRNAs 
in the obesity phenotype.

Adipose Tissue: Obesity, miRNAs, and Exercise 
Training

Obesity triggers macrophage infiltration and adipo-
kine release, which is associated with low-grade inflam-
mation of adipose tissue [46]. The inflammatory envi-
ronment within adipose tissue induces insulin resis-
tance, oxidative stress, and endothelial damage, which 
leads to diabetes and cardiovascular diseases (Fig. 1) [15, 
46, 47]. The involvement of miRNAs in obesity patho-
genesis is well-established since many of them have been 
found modified in adipose tissue (white, brown, and 
beige) during obesity and closely associated with obesi-
ty-related metabolic disorders [2, 11, 48]. Thus, a prop-
er understanding of the molecular events regulating ad-
ipogenesis can provide essential information in identify-
ing new targets and effective therapeutic strategies 
against obesity.

Evidence that miRNA plays a significant role in adipo-
cyte development came from a study showing that the 
deletion of Dicer, a key enzyme for miRNA processing, 
repressed adipocyte differentiation and the formation of 
adipose tissue during adipogenesis. It was also accompa-
nied by reduced adipocyte markers such as peroxisome 
proliferator-activated receptor-gamma (PPARγ), tumor 
necrosis factor (TNF) receptor superfamily member 6 

(also known as FAS), glucose transporter type 4, and fat-
ty acid-binding protein 4 [49]. Another study with a spe-
cific Dicer deletion in differentiated adipocytes showed a 
reduced level of various adipogenic-associated transcripts 
and inhibited lipogenesis in white adipocytes. On the oth-
er hand, Dicer was not required for brown fat formation 
[50]. In the same context, Mori et al. [51] showed that fat-
specific Dicer-KO mice developed a form of lipodystro-
phy that was characterized by a loss of intra-abdominal 
and subcutaneous white fat with enlargement and “whit-
ening” of interscapular brown fat, suggesting the impor-
tant role of miRNAs in the control of adipogenesis-relat-
ed metabolic disorders.

Several miRNAs participate in adipocyte differentia-
tion through a series of regulated stages, including differ-
entiation into preadipocytes, growth arrest and clonal ex-
pansion, and terminal differentiation into adipocytes. 
miRNAs-141, -143, -200a-c, -204, and -429 are important 
in early adipocyte cell fate determination, whereas miR-
NA-17-92, -27a-b, -130, -378, and -378-3p have been sug-
gested to be involved in terminal differentiation and ma-
ture white adipocyte function [52]. In the same sense, 
Ahn et al. [53] showed that the highest fold change was 
observed in miRNA-146b in mature adipocyte, suggest-
ing it as a positive regulator of accelerated adipocyte dif-
ferentiation through modulation of sirtuin 1 (SIRT1) and 
Kruppel-like factor 7 (KLF7). Also, miRNA-146b was in-
creased in high-fat diet-induced obese mice and ob/ob 
mice, whereas the expression of its target gene SIRT1 was 
decreased in white adipose tissue [54]. Indeed, previous 
studies showed that miRNA-146b had been described as 
a positive regulator of adipocyte proliferation and differ-
entiation [54].

In accordance, Xu et al. [55] showed that miRNA-26b 
is an obesity-related miRNA abundantly expressed in 
mice and mature human adipocytes and is associated with 
the expression of adipokines. In addition, miRNA-26a-b 
was also identified as a determinant for brown adipogen-
esis and energy dissipation activity by targeting the ADAM 
metallopeptidase domain 17 (ADAM17) [56]. On the  
other hand, transgenic mice overexpressing miRNA- 
196a induced increased brown adipose tissue content and 
energy expenditure and were resistant to obesity when 
fed a high-fat diet. miRNA-196a suppressed the expres-
sion of the white fat gene Hoxc8 post-transcriptionally 
and repressed the CCAAT enhancer-binding proteins β 
(C/EBPβ), a master switch for the brown fat gene pro-
gram, during the brown adipogenesis of white fat pro-
genitor cells. In fact, increased brown adipose content can 
help counter the adverse effects of obesity [57].
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Studies that used miRNA array analyses are important 
to determine expression profiles. Ortega et al. [47] iso-
lated fat cells from both lean and obese subjects for miR-
NA microarray and identified 5 upregulated miRNAs  
(-99a, -1229, -125b, -221, and -199a-5p) and 4 down-
regulated miRNAs (-185, -139-5p, -484, and -130b) that 
were different between lean and obese without type-2 
diabetes mellitus subjects. Martinelli et al. [58] evalu-
ated whether miRNA dysfunction contributed to obe-
sity. The authors analyzed, by microarray, the expres-
sion profile of 1,458 miRNAs and 42 were differentially 
expressed in subcutaneous adipose tissue from nondia-
betic severely obese and nonobese adults. miRNA-519d 
was overexpressed, whereas the protein levels of PPARα 
(a predicted miRNA-519d target) were lower in severe-
ly obese subjects compared with nonobese subjects, 
suggesting that miRNA-519d induces metabolic imbal-
ance and adipocyte hypertrophy in obesity [58]. Also, 
Shi et al. [59] showed that miRNA-148 was increased in 
both obese human subjects and mice fed a high-fat diet. 
Conversely, Lozano-Bartolomé et al. [60] demonstrated 
that miRNA-181a-5p and -23a-3p were reduced in adi-
pose tissue from obese subjects, and its overexpression 
contributed to TNF-α downregulation in visceral white 
adipose tissue. In this way, expression of miRNAs-143 
and -103 was significantly decreased in adipocytes of 
obese mice [61]. Curiously, miRNA-34a appeared to be 
dysregulated during obesity. In fact, miRNA-34a KO 
mice gained more weight at baseline and in response to 

a high-fat diet. In addition, epididymal white adipose 
tissue in miRNA-34a KO had a smaller adipocyte area, 
which significantly increased with a high-fat diet ac-
companied by an increased expression of metabolic 
genes involved in lipid uptake (cluster of differentiation 
36), de novo lipogenesis (fatty acid synthase), and cho-
lesterol biosynthesis (3-hydroxy-3-methylglutaryl-co-
enzyme A reductase), which caused increases in adipo-
cyte total and free cholesterol and is associated with ad-
ipocyte hypertrophy [62].

In addition to the adipocyte cell subtypes, other cellu-
lar constituents, such as endothelial cells, fibroblasts, 
stem cells, neurons, and immune cells, may contribute to 
obesity. High-fat feeding reduced miRNA-10a-5p levels 
in adipose tissue macrophages, and treatment of mice 
with a miRNA-10a-5p mimic suppressed pro-inflamma-
tory responses and improved systemic glucose tolerance 
in obesity [63]. Ferrante et al. [64] evaluated whether ad-
ipocyte-derived exosomes from obese and lean subjects 
contained mediators capable of activating end-organ in-
flammatory and fibrotic signaling pathways. The authors 
found 55 differentially expressed miRNAs accompanied 
by growth factor beta (TGFβ) signaling and Wnt/β-catenin 
signaling among the top canonical pathways expected to 
be altered in visceral adipocytes from obese subjects com-
pared to lean subjects [64].

miRNA mimetics and inhibitors offer an option for 
the development of tissue-specific therapeutic inter-
ventions. The miRNA-33 family (miRNA-33a-b) is im-

Fig. 2. Dysregulated miRNA profile associated with the obesity phenotype in different tissues (e.g., adipose, heart, and vascular). miRNA, 
microRNA.
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plicated in lipid metabolism and atherosclerotic plaque 
formation and rupture [65, 66]. The miRNA-33 family 
targets the adenosine triphosphate-binding cassette 
transporter A1  (ABCA1) and genes involved in fatty 
acid oxidation, important regulators of high-density li-
poprotein synthesis and reverse cholesterol transport. 
Silencing of the miRNA-33 family increased hepatic ex-
pression of ABCA1 receptors and plasma high-density 
lipoprotein levels [65, 66]. Mice treated with anti- 
miRNA-33 for 4 weeks showed an increase in circulat-
ing high-density lipoprotein levels and enhanced re-
verse cholesterol transport to the plasma, liver, and fe-
ces. Consistent with this, anti-miRNA-33-treated mice 
showed reductions in plaque size and lipid content, in-
creased markers of plaque stability, and decreased in-
flammatory gene expression. These studies indicate 
therapeutic promise for the treatment of dyslipidemias 
that increase cardiovascular disease risk using a  
miRNA-33 family inhibitor [67]. The dysregulated 
miRNA profile in obesity-induced adipose tissue is il-
lustrated in Figure 2.

Studies on the role of exercise training on the expres-
sion of miRNAs in obesity are still incipient. Few studies 
deal with the expression of miRNAs in the fatty tissue of 
trained obese individuals, despite the large number of 
studies showing that exercise training has a direct influ-
ence on adipose tissue, including increased lipolysis, in-
creased mitochondrial density in adipocytes, increased 
expression of cholinergic receptors in adipocytes, among 
others [68]. In this context, Tsiloulis et al. [69] conduct-
ed a study to determine the expression of miRNAs in 
adipocytes that are responsive to aerobic exercise and to 
determine the exercise-responsive miRNAs that control 
metabolism. The authors performed a large-scale se-
quencing analysis on the fat tissue of overweight men 
before and after 6 weeks of endurance training. Al-
though the authors observed an increase in the subjects’ 
adipocyte lipolysis, there was no change in the expres-
sion of miRNAs in the sequencing. There was a tenden-
cy to reduce miRNA-10b [69]. Also, Brandão et al. [70] 
showed that aerobic exercise training upregulates Dicer 
in adipose tissue of mice and humans, increasing overall 
miRNA expression in adipose tissue; and upregulation 
of miRNA-203-3p limits glycolysis in adipose under 
conditions of metabolic stress. However, the effects of 
exercise training on Dicer expression and miRNA bio-
genesis are unknown in the obesity context [70]. These 
data will provide a framework for further studies on ex-
ercise training and obesity in adipose tissue involving 
miRNAs.

Circulating miRNAs in Obesity and Exercise Training

While the majority of miRNAs are detected in intracel-
lular environment, there are a great number of miRNAs, 
commonly known as circulating miRNAs, that have also 
been detected in extracellular environment, being export-
ed or released by cells into the circulation [11, 71–73]. 
miRNAs are very stable in body fluids (plasma, urine, sa-
liva), microvesicles (exosomes, microparticles, apoptotic 
bodies), and protein/lipoprotein complexes (high-density 
lipoprotein ([HDL]) and Argonaute 2. Upon uptake by 
target recipient cells, circulating miRNAs can regulate 
translation of complementary mRNAs. Thus, miRNAs 
can be explored for their roles in intercellular communi-
cation affecting physiological processes, and also miRNAs  
could be used in the development of molecular biomark-
ers for various diseases, including obesity and associated 
comorbidities [73–75]. Indeed, adipose-derived circulat-
ing miRNAs may regulate gene expression in other tis-
sues highlighting their “endocrine-like” systemic effects 
[76].

There is a growing body of evidence that has demon-
strated that circulating miRNAs are dysregulated in sub-
jects with obesity or metabolic syndrome, and some of 
these dysregulated miRNAs are closely associated with 
obesity measures, markers of inflammation, and diabetes 
measures, suggesting a diagnostic role of these miRNAs 
in the detection and classification of morbid obesity [49]. 
Ortega et al. [11] showed that morbidly obese patients 
had a marked increase in miRNA-140-5p, -142-3p, and 
-222, and decreased levels of miRNA-532-5p, -125b, 
-130b, -221, -15a, -423-5p, and -520c-3p. Heneghan et al. 
[77] showed that circulating levels of miRNA-17-5p and 
-132 were decreased in obesity, and this change was also 
reflected in the expression of miRNAs in omental fat tis-
sue from the same individuals. In agreement, Liu et al. 
[78] also showed that the circulating levels of miRNA- 
1934, which were decreased in obese subjects, were in-
versely correlated with body mass index, low-density li-
poprotein cholesterol, insulin resistance, and inflamma-
tory marker. Iacomino et al. [43] assessed the profile of 
circulating miRNAs expressed in plasma samples of over-
weight or obese and normal weight prepubertal children 
from a European cohort. Gene arrays were employed to 
differentially screen the expression of 372 miRNAs, and 
miRNAs-31-5p, -2355-5p, and -206 were differentially 
expressed and correlated with obesity [43]. It is likely that 
additional circulating miRNAs will be identified as bio-
markers for cardiovascular disease. This type of study 
represents a rapidly evolving area of research [78].
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Shi et al. [59] showed that miRNA-148a could be a po-
tential biomarker of obesity. This miRNA plays a key role 
in adipogenesis by inhibiting Wnt1. Wnt-induced chang-
es in gene expression result in repression of adipogenic 
transcription factors, such as C/EBPα and PPARγ [79]. 
Wang et al. [80] showed that adipocytes secreted miRNA-
130b during adipogenesis, reflecting the degree of obesi-
ty, and could serve as a potential biomarker for hyper-
triacylglycerolemia and metabolic syndrome.

It is noteworthy that some studies have demonstrated 
the modulation of circulating miRNAs induced by exer-
cise training, pointing them as possible biomarkers of the 
harmful effects of intense exercise training as a potential 
tool [81, 82]. Additionally, studies suggest dose-response 
relationships between aerobic exercise and circulating 
miRNA expression, varying under different exercise type, 
duration, and intensity [83, 84]. However, there are few 
studies about exercise-induced circulating miRNAs in 
the obesity phenotype [85].

Bao et al. [86] analyzed the expression of miRNAs-126, 
miRNA-130b, miRNA-221, and miRNA-222 in the cir-
culation of nonobese and obese individuals after a single 
session of aerobic exercise. It was found that this set of 
miRNAs had an increased baseline state before the exer-
cise session in obese individuals, and there was a pro-
nounced increase in the content of this set of miRNAs in 
the circulation of obese subjects after exercise [86]. These 
miRNAs are linked to inflammation pathways, so it is ob-
served that an acute session of aerobic exercise increased 
the number of miRNAs in circulation that signal inflam-
mation in obese individuals more than in nonobese indi-
viduals. There is no evidence of a chronic effect of aerobic 
exercise on the expression of this set of miRNAs. Cor-
roborating, Russo et al. [87] showed miRNA-146a-5p, 
but not miRNA-126, was significantly increased in obese 
patients as compared with controls and decreased in pa-
tients after a 3-month physical activity program charac-
terized by aerobic training sessions of 90 min adminis-
tered twice a week. Exercise-induced miRNA-146-5p lev-
els were correlated with beneficial effects on waist 
circumference, the inflammatory and lipid parameters, 
indicating the use of miRNA-146a-5p as a biomarker and 
predictor of the clinical response to physical activity in 
obesity. Recently, de Mendonça et al. [88] demonstrated 
that aerobic training changed the circulating extracellular 
vesicles’ miRNA profile of diet-induced obese mice, in-
cluding decreases in miRNA-122, -192, and -22 levels. 
Aerobically trained obese mice also showed reduced adi-
pocyte hypertrophy and increased numbers of smaller 
adipocytes and the expression of adipogenesis markers, 

and ATP-citrate lyase enzyme activity. Other miRNAs 
are possibly involved in these effects and may contribute 
to the overall effect of aerobic training and should be fur-
ther investigated [88].

Therefore, the use of miRNAs as potential biomarkers 
and their potential therapeutic measures can be useful for 
early detection and treatment of disorders, including 
heart disorders caused by obesity. One of the advantages 
of the use of miRNAs would be its easy detection, which 
would be ideal as a specific biomarker.

Heart Tissue: Obesity, miRNAs, and Exercise Training

There is a consensus that obesity can be a precursor of 
cardiovascular disorders that could trigger a heart failure 
phenotype (Fig.  1). Obese individuals have double the 
risk of heart failure compared to individuals with a nor-
mal body mass index. In a study from Kenchaiah et al. 
[89], the authors analyzed 5,881 subjects (3,177 women 
and 2,704 men), and the results demonstrated that an in-
crease of one unit in body mass index generated a 5% 
increase in the risk of heart failure in men and 7% for 
women.

Several factors have been involved in obesity-related 
cardiovascular disorders, such as inflammation, neuro-
hormonal activation with an increased sympathetic tone, 
elevated leptin and insulin concentrations, obstructive 
sleep apnea, increased free fatty acid turnover, and intra-
myocardial and subepicardial fat deposition [90]. In ad-
dition, miRNAs have been described as critical regulators 
of cardiovascular function and play important roles in 
almost all aspects of cardiovascular biology, including 
heart disorders caused by obesity [48].

Studies utilizing microarray have been important to 
elucidate the role of miRNAs in cardiac disorders in-
duced by obesity. In this sense, Ortega et al. [11] conduct-
ed a study with 97 patients (40 obese patients with heart 
failure, 40 lean patients with heart failure, and a control 
group of 17 healthy lean patients), using a computational 
prediction, the authors identified miRNA expression al-
terations in these different phenotypes. The plasma sam-
ple analyses of the individuals identified a decrease in 
miRNA-130b expression in the obese group with the 
heart failure phenotype when compared to the other phe-
notypes (lean heart failure group and control group) [11]. 
This result was corroborated by a study that used micro-
array analysis to identify differentially regulated miRNAs 
in the heart of rats fed a high-fat diet. Zou et al. [91] 
showed that miRNA-410-5p was markedly upregulated 
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in the cardiac tissues of obese rats. miRNA-410-5p acti-
vates the TGFβ signaling pathway by targeting Smad 7, 
which is associated with cardiac fibrosis and dysfunction 
induced by obesity. Thus, these miRNAs possibly repre-
sent a potential therapeutic target for the treatment of 
cardiac disorders caused by obesity; however, it is neces-
sary to analyze the molecular mechanisms manipulated 
by them [80].

In 2000, the Olson laboratory group from Texas Uni-
versity published a series of studies showing the pivotal 
role of miRNAs in counteracting cardiac disorders [92, 
93]. In 2007, the Olson group published an article show-
ing that continuous stress in the heart caused by thorac-
ic aortic banding led to an increase in beta myosin heavy 
chain (β-MHC) expression and a decrease in alpha myo-
sin heavy chain (α-MHC) expression in the heart [93]. 
This gene expression change was accompanied by  
the dysregulated expression of miRNA-208a [93]. This  
miRNA is expressed in intron 27 of the α-MHC gene, and 
a cardiac-specific miRNA [94]. Van Rooji et al. [93] were 
the first to demonstrate that the inhibition of a miRNA 
could treat cardiac disorders. In this case, a decrease in 
miRNA-208a led to regulation of factors that led to de-
creased β-MHC expression after cardiac stress, showing 
that this miRNA plays a key role in cardiac homeostasis. 
Later, in 2012, the same group published an article show-
ing that miRNA-208a directly targeted MED-13, a unit of 
the mediator complex that regulates the transcription of 
thyroid hormone [92]. This study used transgenic over-
expressing MED13 animals and animals with anti-miR 
for miRNA-208a that were fed a high-fat diet. Both had a 
lean phenotype with increased energy expenditure and 
resistance to weight gain even when exposed to a high-fat 
diet [92]. This study concluded that there is an important 
association between MED13 and miRNA-208a in the 
heart, which is necessary for systemic homeostasis. Fer-
nandes et al. [23] showed that obese Zucker rats had an 
increase of 57% in miRNA-208a levels, compared to the 
lean group, which was accompanied by a decrease of 39% 
in the MED13 levels. However, when these animals were 
subjected to swimming training, the miRNA-208 and 
MED13 levels normalized when compared to the seden-
tary lean group. This study demonstrated that aerobic ex-
ercise training modulated the expression of specific miR-
NAs and, consequently, their target, suggesting a poten-
tial therapeutic target for obesity-associated cardiac 
disorders [23].

miRNA-29c has also emerged as an important factor 
in cardiac remodeling because it has the potential to tar-
get the collagen gene directly (66). Animals that overex-

pressed miRNA-29c through the use of an LNA mimic 
showed a significant reduction in IA and IIIA collagen 
expression in infarcted animals [95]. Silveira et al. [20] 
demonstrated that the expression of miRNA was down-
regulated in the heart of obese Zucker rats, and this de-
crease was also followed by an increase in cardiac collagen 
content. Cardiac fibrosis was restored when these obese 
animals were submitted to aerobic training. Curiously, 
this study also demonstrated that miRNA-1 expression 
was upregulated and that exercise was able to normalize 
their expression and thus regulate the expression of pro-
teins in the calcium signaling pathway [20]. This once 
again highlights the role of exercise as a strategy to mod-
ulate the expression of miRNAs and establish cardiac ho-
meostasis in obesity [82].

Marchand et al. [96] identified miRNA-322 as protec-
tive against high-fat diet-induced cardiac dysfunction in 
mice by regulating the insulin signaling pathway. In Ku-
wabara’s study, it was shown that cardiac hypertrophy 
induced in animals after 20 weeks of a high-fat diet exac-
erbated the increase in miRNA-451 in the heart, which 
increased cellular toxicity [97]. However, a knockout 
model for miRNA-451 showed protection against cardio-
myopathy induced by a high-fat diet, and there was an 
attenuation of lipotoxicity induced by palmitate. Finally, 
this attenuation was associated with the regulation of the 
direct target of miRNA-451, calcium-binding protein 39 
[97]. Curiously, this article also shows that miRNA-451 
was directly regulated by GATA4, and this transcription 
factor has been shown in the literature to play an impor-
tant role in cardiac hypertrophy process [97, 98]. In an 
editorial in Circulation Research, Lopaschuk and Ussher 
concluded that Kuwabara’s findings were of high clinical 
relevance and that miRNAs are great candidates for the 
treatment of obesity and cardiovascular disorders caused 
by it [99]. All dysregulated miRNAs in obesity-induced 
heart tissue are illustrated in Figure 2. Although our 
knowledge of the roles of miRNAs in cardiac disorders 
has greatly improved, additional research is needed to 
identify and validate miRNAs as biomarkers for the diag-
nosis and prognosis of obesity-related cardiomyopathy.

Vascular Tissue: Obesity, miRNAs, and Exercise 
Training

miRNAs present in the vascular endothelium are also 
potential therapeutic targets to correct the inflammation, 
capillary rarefaction, defective angiogenesis, and endo-
thelial dysfunction observed in obesity. Endothelial dys-
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function is well-established in obesity and is considered 
an early predictor of atherosclerosis, which increases the 
risk for the occurrence of cardiovascular events [100]. 
Strong predictors for cardiovascular events are carotid 
intima-media thickness and fibrosis and plaque forma-
tion in the carotid segments. These predicators are high-
ly correlated with adiposity (Fig. 1) [101, 102]. Obesity is 
also associated with microvascular rarefaction and a sig-
nificant decrease in myocardial vascular endothelial 
growth factor (VEGF) and eNOS expression [103].

The understanding of the role of miRNAs in regulat-
ing specific vascular function may help with the preven-
tion and identification of new therapeutic strategies for 
obesity. There is growing evidence for an important role 
of miRNAs in modulating crucial biological process, such 
as inflammation [104], vascular endothelial and smooth 
muscle cells [105, 106], reactive oxygen species [107], ad-
ipocyte differentiation and function [108], and insulin re-
sistance [2].

There is evidence showing the role of aerobic exercise 
in controlling the expression of miRNAs in obese indi-
viduals. Fernandes et al. [22] demonstrated the role of 
aerobic exercise training in modulating deregulated  
miRNA in obesity that contributed to the microvascular 
rarefaction observed in cardiac tissue from obese Zucker 
rats. The study showed that aerobic exercise was a non-
pharmacological strategy to prevent cardiac capillary rar-

efaction induced by obesity due to its capacity to restore 
the levels of cardiac miRNA-16 in obese animals. The 
downregulation of miRNA-16 induced by exercise train-
ing increased VEGF expression, which is critical for the 
angiogenesis observed in the cardiac microcirculation 
from obese Zucker rats [22].

In the same sense, Gomes et al. [21] investigated the 
role of aerobic exercise counteracting capillary rarefac-
tion in the skeletal muscle generated by obesity. The au-
thors investigated the effects of aerobic exercise training 
on the expression of miRNA-126 on skeletal muscle an-
giogenesis in obese Zucker rats. It was observed that obese 
rats showed capillary rarefaction compared to the lean 
controls. However, exercise training normalized the cap-
illary density in obese rats. The authors observed that ex-
ercise training on obese rats increased the levels of VEGF, 
PI3K, and eNOS proteins. Also, an increased level of miR-
NA-126 expression and a decreased expression of its tar-
get, PI3KR2 (PI3K inhibitor, an important mediator of 
the VEGF signaling pathway), were observed [21].

Studies have also shown that exercise training im-
proves vascular function by normalizing miRNA expres-
sion in obese humans. Dimassi et al. [109] conducted a 
study with obese women and lean controls. The aim of the 
study was to determine the effect of 8 weeks of exercise 
training on the expression of miRNAs related to inflam-
mation and vascular function in obesity. The results 

Fig. 3. Chronic aerobic exercise-induced miRNA expression counteracting diseases and associated risk factors leading to obesity in dif-
ferent tissues. PI3KR2, phosphoinositide-3-kinase regulatory subunit 2; VEGF, vascular endothelial growth factor; NCX1, Na+/Ca2+-
exchange protein 1; β-MHC, beta-myosin heavy chain; miRNA, microRNA.
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showed that women with obesity had a high prevalence of 
cardiovascular risk factors and a higher level of circulating 
miRNA-carrying microparticles compared to healthy in-
dividuals, and the profile of miRNAs was significantly dif-
ferent in the 2 groups. The effects after the training proto-
col were reduced body mass index, inflammatory profile, 
and vascular function in both groups. In addition, physi-
cal training increased the level of miRNA-carrying mic-
roparticles in both groups. The authors performed an in 
silico analysis and selected 9 miRNAs related to the in-
flammatory profile. The training protocol increased 4 
miRNAs in both groups. There was also a correlation be-
tween microparticles, increased expression of miRNA-
124a and -150, and the decreased expression of inflamma-
tory cytokines such as adiponectin, TNFα, or IL-6 [109]. 
The functional roles for these miRNAs in vascular tissue 
(Fig. 2) will require further study.

Conclusion

Given the high prevalence of obesity worldwide and 
the risk that it represents in the development of comor-
bidities, in recent years, the search field for treatment 
strategies has expanded. We note in this review that obe-
sity results in an abnormal expression of miRNAs, which 
are influential factors for the function of adipose tissue, 
vessels, and the heart [18, 21, 81, 97].

Exercise training is frequently prescribed as a treat-
ment for obesity. It is known to have positive effects on 
adipocytes, vessels, and heart function, and morphology 
(Fig. 3). The expression of miRNAs is also controlled by 
physical exercise. The benefits from physical activity in 
these tissues are primarily generated by better control of 
the expression of many miRNAs [20–23]. Therefore, the 
modulation of miRNAs is a promising therapeutic strat-
egy for obesity. Understanding how the miRNAs are con-
trolled by exercise training is a possible strategy for the 
development of new treatments that can prevent injuries 
in specific tissues and improve their function in individu-
als unable to do exercise.

As shown throughout this literature review, within 
these strategies, exercise training has shown great promise 
as a therapy for obesity. Exercise can modulate miRNA  
expression, and it could be an advantage because of its 
easy detection, which would be ideal as a specific bio-
marker for the regulatory control of disorders induced by 
obesity. The miRNAs described thus far as being involved 
in obesity and metabolic syndrome may be important tar-
gets for the treatment of these diseases. In this way, it 

opens a window for the use of miRNA-based therapies, 
once miRNAs occur naturally in the bloodstream, target 
multiple mRNAs, have low toxicity, and patients show a 
good tolerance for them [11, 62, 98].

In conclusion, this review reinforces the importance of 
exercise training as a well-known strategy to combat obe-
sity and also provides evidence that exercise training 
could control the expression of miRNAs that are related 
to tissue injuries generated by obesity. Additional studies 
are required to help identify new exercise-derived tissue-
specific and circulating miRNAs in obesity, and their po-
tential role as a therapeutic target of obesity-associated 
disorders in response to exercise.
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