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Abstract: Obesity has become a global epidemic, contributing to the development of numerous chronic diseases, 
including diabetes, chronic kidney disease (CKD) and cardiovascular disorders. MicroRNAs (miRNAs) have 
emerged as key regulators in various biological processes, including metabolism, inflammation, and tissue 
remodeling, making them pivotal players in obesity-related pathologies. This review aims to provide 
comprehensive insights into the roles of miRNAs in obesity, with a particular emphasis on their involvement in 
the pathogenesis of CKD and cardiovascular disorders. We highlight the involvement of specific miRNAs in 
adipose tissue development, energy homeostasis, inflammation, and insulin resistance, contributing to the 
pathogenesis of obesity. Moreover, we explore the impact of miRNAs on renal fibrosis, and inflammation, giving 
clues on their roles in the development and progression of CKD. Additionally, we discuss the influence of 
miRNAs on endothelial dysfunction, atherosclerosis, and cardiac remodeling, emphasizing their contribution to 
obesity-related cardiovascular disorders. Understanding the regulatory functions of miRNAs in these 
interconnected conditions holds promise for improved diagnosis, prognosis, and therapeutic interventions. 
Indeed, miRNAs are potential diagnostic biomarkers for obesity-related diseases although challenges remain to 
be elucidated before their clinical translation. Furthermore, we highlight the emerging strategies that target 
miRNAs as therapeutic interventions to mitigate the detrimental effects of obesity on kidney and cardiovascular 
health. 
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1. Obesity as a Global Health Challenge 
Obesity has emerged as a significant global health challenge, affecting individuals of all ages 

and socioeconomic backgrounds in both developed and developing countries.1 It is a complex 
condition characterized by excessive body fat accumulation, which poses serious health risks and 
contributes to various chronic diseases. The causes of obesity are multifaceted, encompassing a 
combination of genetic, environmental, and behavioral factors. Sedentary lifestyles and the 
prevalence of highly processed, calorie-dense foods have become increasingly common in modern 
societies.2 Additionally, urbanization and globalization have resulted in the availability of 
inexpensive, high-calorie foods that are often lacking in nutritional value.2 Such obesogenic 
environments, coupled with the convenience of technology and decreased physical activity, 
contribute to weight gain and the development of obesity. 

The consequences of obesity are far-reaching and impact individuals, families, and entire 
communities. Obese individuals face a higher risk of developing chronic diseases such as type 2 
diabetes (T2D), cardiovascular diseases (CVD), and subsequently chronic kidney disease (CKD).3 The 
economic burden associated with obesity is significant, placing strain on healthcare systems and 
economies through increased healthcare costs and lost productivity. 
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2. MicroRNAs: An Overview of Regulatory Molecules 
MicroRNAs (miRNAs) are small non-coding RNA molecules that play a crucial role in gene 

regulation.4 They modulate gene expression by binding to target messenger RNAs (mRNAs), leading 
to mRNA degradation or translational repression. MiRNAs are involved in various biological 
processes and have implications in disease development and therapeutic interventions.5 

Understanding the biogenesis and function of miRNAs is essential for unraveling their complex 
regulatory networks and their potential applications in therapeutics.  

2.1. Biogenesis of miRNAs 
The biogenesis of miRNAs begins in the cell nucleus. It involves a series of steps, starting with 

the transcription of miRNA genes by RNA polymerase II to generate primary miRNA transcripts 
(pri-miRNAs). Pri-miRNAs are typically several hundred nucleotides long and contain one or more 
hairpin structures.4 

The next step involves the processing of pri-miRNAs into precursor miRNAs (pre-miRNAs) by 
the microprocessor complex, which consists of the ribonuclease III enzyme Drosha and its cofactor 
DiGeorge syndrome critical region 8 (DGCR8). Drosha cleaves the pri-miRNA hairpin near the base, 
resulting in a hairpin-shaped pre-miRNA molecule approximately 70 nucleotides long. 

Pre-miRNAs are then exported from the nucleus to the cytoplasm by the exportin-5 protein, in 
a process facilitated by the binding of the nuclear protein exportin-5 and its cofactor Ran-GTP to the 
pre-miRNA. In the cytoplasm, pre-miRNAs are further processed by the endonuclease Dicer, 
resulting in the formation of mature miRNAs.4 

Dicer cleaves the pre-miRNA hairpin, releasing a double-stranded RNA molecule. One strand, 
known as the guide strand, is incorporated into the RNA-induced silencing complex (RISC), while 
the other strand, known as the passenger strand, is typically degraded. The guide strand guides the 
RISC complex to target messenger RNAs (mRNAs) through sequence complementarity. 

2.2. miRNA Function 
Once incorporated into the RISC complex, miRNAs exert their regulatory effects primarily by 

base-pairing with complementary sequences in the 3' untranslated regions (UTRs) of target mRNAs. 
This binding can result in the degradation of the target mRNA or the inhibition of its translation.6 

By modulating gene expression, miRNAs fine-tune the activity of numerous target genes, 
allowing for the precise control of biological processes. They are involved in various cellular 
processes, including cell proliferation, apoptosis, and differentiation. Additionally, miRNAs have 
been implicated in the pathogenesis of numerous diseases. 

The specificity of miRNA targeting is determined by the degree of complementarity between the 
miRNA and its target mRNA. Perfect or near-perfect complementarity usually leads to mRNA 
degradation, whereas imperfect complementarity typically leads to translational repression. 

Moreover, a single miRNA can regulate multiple target mRNAs, and a single mRNA can be 
targeted by multiple miRNAs, further expanding the regulatory potential of miRNAs. This 
complexity enables miRNAs to participate in intricate regulatory networks, exerting both synergistic 
and antagonistic effects on gene expression.7 

3. MicroRNAs in Obesity 
3.1. MicroRNAs and Adipose Tissue Development 

MiRNAs have been identified as important regulators of adipose tissue development and 
function.8 Adipose tissue is a crucial energy-storing organ and plays a significant role in metabolic 
homeostasis. MiRNAs control adipogenesis, the process by which preadipocytes differentiate into 
mature adipocytes, and also influence adipocyte metabolism, insulin sensitivity, and lipid storage.8 
Dysregulation of miRNAs in adipose tissue has been associated with obesity and related metabolic 
disorders. Understanding the specific miRNA-mediated regulatory mechanisms in adipose tissue 
development can provide valuable insights into the pathogenesis of obesity and potentially open up 
new avenues for therapeutic interventions targeting miRNAs to modulate adipose tissue function 
and combat metabolic diseases. 
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3.2. MicroRNAs in Energy Homeostasis and Metabolic Pathways 
MiRNAs play a significant role in maintaining the balance between energy intake, storage, and 

expenditure in various tissues and organs. 
MiRNAs have been implicated in the regulation of adipocyte differentiation and lipid 

metabolism. For example, miR-27a and miR-143 have been shown to promote adipogenesis in rat9 
and pig10 by targeting key genes involved in adipocyte differentiation, such as PPARγ and 
adiponectin. On the other hand, miR-26a and miR-30d have been found to inhibit adipogenesis by 
suppressing the expression of adipogenic transcription factors.11 

Furthermore, miRNAs have been identified as regulators of brown adipose tissue (BAT) and its 
thermogenic function. MiR-133 and miR-455 have been shown to inhibit BAT development and 
thermogenesis by targeting key genes involved in brown adipocyte differentiation and function.12 
Conversely, miR-193b and miR-365 have been found to promote BAT activity and thermogenesis.12 
A recent multiomics study identified the key nodes likely controlling non-shivering thermogenesis 
in adipose tissue, and identified numerous miRNAs such as miRNA-27, miRNA-34a, miRNA-106b 
and miRNA-125-5p.13 

In addition to adipose tissue, miRNAs also play a role in the regulation of hepatic lipid 
metabolism. MiR-122, for instance, is highly expressed in the liver and has been shown to regulate 
cholesterol and fa�y acid metabolism.14 Its inhibition leads to decreased hepatic lipid accumulation 
and improved insulin sensitivity. 

Moreover, miRNAs have been implicated in the regulation of glucose metabolism and insulin 
signaling. For example, miR-143 have been shown to regulate insulin sensitivity by targeting key 
components of glycolysis and insulin signaling pathways.15 

Overall, miRNAs play a crucial role in the regulation of energy homeostasis and metabolic 
pathways. Dysregulation of miRNA expression and function has been associated with metabolic 
disorders such as obesity, T2D, and dyslipidemia. Therefore, understanding the intricate miRNA-
mediated regulatory networks in energy metabolism holds promise for the development of novel 
therapeutic approaches for metabolic diseases. 

3.3. Role of MicroRNAs in Inflammation and Insulin Resistance 
MicroRNAs (miRNAs) play a crucial role in the regulation of inflammation and insulin 

resistance, two interconnected processes that contribute to the development of various metabolic 
disorders, including obesity, T2D, and CVD. 

Inflammation is a fundamental response of the immune system to injury or infection. However, 
chronic low-grade inflammation mediated by the NLRP3 inflammasome can occur in adipose tissue 
and other metabolic organs in the context of obesity and insulin resistance.16 MiRNAs are involved 
in the regulation of pro-inflammatory and anti-inflammatory pathways. For instance, miR-146a and 
miR-155 are key modulators of inflammation and play important roles in regulating immune 
responses.17 Dysregulation of these miRNAs can contribute to sustained inflammation and impair 
insulin signaling. 

Insulin resistance, a hallmark of T2D, occurs when cells become less responsive to the effects of 
insulin. MiRNAs are implicated in the regulation of insulin sensitivity by targeting key components 
of the insulin signaling pathway. For example, miR-29, miR-143, and miR-33 have been shown to 
modulate insulin sensitivity by regulating insulin receptor substrate-1 (IRS-1), a critical mediator of 
insulin signaling.18 

Furthermore, miRNAs are involved in the cross-talk between inflammation and insulin 
resistance. They can regulate the production of inflammatory cytokines and chemokines, as well as 
the expression of insulin signaling molecules. MiR-155, for instance, has been shown to promote both 
inflammation and insulin resistance by targeting multiple molecules involved in these processes.19 
More precisely, mice that display double Knock-out for both ApoE and miR-155 have high fat diet-
induced obesity, adipocyte hypertrophy, non-alcoholic fa�y liver disease and increased plasma 
leptin.19 

4. MicroRNAs’ roles in the Link between Obesity and CKD 
CKD is associated with an increased risk of CVD, and obesity is a well-established risk factor for 

both CKD and CVD.20 
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Several miRNAs have been identified as key regulators of renal fibrosis, inflammation, and 
apoptosis, which are hallmarks of CKD progression. MiR-21, for instance, is upregulated in CKD and 
has been shown to promote renal fibrosis by targeting anti-fibrotic factors.21 Conversely, miR-29 
family members are downregulated in CKD and play a protective role against fibrosis by inhibiting 
extracellular matrix synthesis.21 

There is a strong link between obesity and CKD, with obesity being recognized as an 
independent risk factor for the development and progression of CKD. MiRNAs have been implicated 
in mediating the connection between obesity and CKD. For instance, miR-126, which is 
downregulated in obesity, has been shown to promote kidney injury and fibrosis by impairing 
endothelial function.22 Additionally, miR-192 and miR-217 have been found to be upregulated in 
obesity and contribute to renal inflammation and glomerular dysfunction.23 

Understanding the role of miRNAs in CKD and the link between obesity and CKD can provide 
insights into the underlying molecular mechanisms and potential therapeutic interventions. As  
discussed below (subchapter 7) , targeting specific miRNAs involved in renal pathology holds 
promise for the development of novel treatments to slow down or halt CKD progression.5 
Furthermore, identifying circulating miRNAs as non-invasive biomarkers may enable early detection 
and monitoring of CKD in obese individuals, facilitating timely interventions to mitigate disease 
progression and improve patient outcomes. 

In conclusion, miRNAs are involved in the regulation of multiple processes implicated in CKD 
and cardiovascular disorders, including inflammation, oxidative stress, fibrosis, and endothelial 
dysfunction.5 Dysregulation of specific miRNAs contributes to the progression of CKD and the 
development of CVD in the context of obesity.24 

5. MicroRNAs in Obesity-Associated Cardiovascular Risk Factors 
Obesity-associated miRNAs can directly impact cardiovascular health by affecting cardiac 

remodeling, endothelial function, and vascular smooth muscle cell proliferation.20 

5.1. MicroRNAs in Endothelial Dysfunction and Atherosclerosis 
Endothelial dysfunction is characterized by impaired endothelial cell function and is a crucial 

event in the development and progression of atherosclerosis, a chronic inflammatory disease of the 
arterial wall.25 

MiRNAs play a pivotal role in endothelial dysfunction by modulating various molecular 
pathways involved in endothelial cell biology. They can regulate endothelial cell proliferation, 
migration, inflammation, and oxidative stress, which are all important factors in the development of 
atherosclerosis.20 Several miRNAs have been identified to be dysregulated in endothelial dysfunction 
and atherosclerosis, such as miR-126, miR-155, miR-21, and miR-92a. 

MiR-126 is highly expressed in endothelial cells and is crucial for vascular integrity and 
angiogenesis.26,27 Reduced levels of miR-126 have been associated with endothelial dysfunction and 
increased atherosclerotic plaque vulnerability.22,28 Interestingly, exercise and diet where shown to 
improve obese adolescents endothelial function, and change seric miRNA-126 levels.26 MiR-155 is a 
pro-inflammatory miRNA that promotes endothelial cell activation and dysfunction by targeting 
anti-inflammatory factors.21 MiR-21 is involved in the regulation of endothelial cell apoptosis, 
proliferation, and migration,21 while miR-92a promotes endothelial dysfunction by inhibiting 
angiogenesis.29 miR-92a has been shown to be a potential biomarker of aortic valve calcification, and 
its use could be expanded to obese patients.24 

5.2. MicroRNAs in Cardiac Remodeling and Dysfunction 
In the context of obesity, altered miRNA expression profiles have been observed in both human 

and animal models, indicating their involvement in cardiac remodeling and dysfunction.30 Several 
miRNAs have been identified as key players in these processes.20 For instance, miR-133a and miR-1 
are downregulated in murine obesity models and have been associated with adverse cardiac 
remodeling, including hypertrophy and fibrosis.31 These miRNAs target genes involved in regulating 
cardiac hypertrophy, such as the transcription factor GATA4 and the calcium handling protein 
SERCA2a. 
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Additionally, miR-208a and miR-499, which are encoded within the introns of myosin genes, 
have been implicated in obesity-related cardiac dysfunction.32 These miRNAs are upregulated in 
obesity and contribute to the dysregulation of calcium homeostasis and contractile function in the 
heart. Accordingly, they have been propsoed as potential biomarkers of acute myocardial infraction.33 
Moreover, miR-21 and miR-29a have been found to promote cardiac fibrosis in the context of obesity 
by targeting factors involved in extracellular matrix remodeling, such as collagen synthesis and 
degradation enzymes.34 

miRNAs may serve as diagnostic biomarkers to identify individuals at high risk for developing 
these conditions, enabling early intervention and personalized management approaches. 

6. MicroRNAs as Biomarkers for Obesity-Related Diseases 
In CKD, altered expression of miRNAs has been observed in renal tissues but also in biofluids, 

such as urine and blood. These miRNAs modulate key molecular pathways involved in CKD 
pathogenesis, including transforming growth factor-beta (TGF-β) signaling, epithelial-to-
mesenchymal transition (EMT), and fibrosis. For example, miR-21 is upregulated in CKD and 
promotes renal fibrosis by targeting anti-fibrotic factors.21 

MicroRNAs (miRNAs) have gained significant a�ention as potential biomarkers for obesity-
related diseases due to their stability, tissue specificity, and altered expression pa�erns in various 
physiological and pathological conditions.35 The identification of reliable biomarkers is crucial for 
early detection, accurate diagnosis, and monitoring of obesity-related diseases. MiRNAs are thus 
emerging as promising candidates for fulfilling this role. 

Dysregulation of miRNAs has been observed in various obesity-related diseases, suggesting 
their involvement in disease pathogenesis. These dysregulated miRNAs can be detected in various 
biological samples, such as blood, serum, plasma, urine, and adipose tissue, making them accessible 
for non-invasive testing and potential clinical applications.35 

In T2D, several miRNAs have shown altered expression levels in insulin-producing pancreatic 
beta cells, liver, skeletal muscle, and adipose tissue. MiR-126, miR-375, and miR-29 have been 
implicated in pancreatic beta cell function and insulin secretion.28,36,37 In cardiovascular diseases, 
miRNAs such as miR-21, miR-126, and miR-155 have been associated with endothelial dysfunction, 
atherosclerosis, and cardiac remodeling.20 In NAFLD, miR-122, miR-34a, and miR-34c are 
dysregulated and play a role in hepatic lipid metabolism and inflammation.14  

miRNAs have been identified as potential biomarkers for obesity-related cardiac abnormalities. 
Circulating levels of specific miRNAs, such as miR-21, miR-208a, and miR-499,7 have been found to 
be altered in obese individuals and correlated with the severity of cardiac dysfunction. These findings 
highlight the potential of miRNAs as non-invasive diagnostic tools for assessing cardiac remodeling 
and dysfunction in obesity. 

The potential utility of miRNAs as biomarkers lies in their ability to discriminate between 
different disease states and provide information about disease severity, progression, and response to 
treatment. High-throughput technologies, such as microarray analysis and next-generation 
sequencing, have enabled the identification of panels of miRNAs that exhibit differential expression 
pa�erns in obesity-related diseases. These panels can serve as signatures for disease classification and 
prediction. Moreover, advances in quantitative polymerase chain reaction (qPCR) and sequencing 
technologies have facilitated the development of robust and sensitive methods for miRNA detection 
and quantification. 

MiRNAs also offer the advantage of being able to provide information about the underlying 
molecular mechanisms of disease. Through their regulatory roles, miRNAs can modulate key 
pathways involved in disease pathogenesis, including inflammation, insulin signaling, lipid 
metabolism, and cell proliferation. By studying the functional implications of dysregulated miRNAs, 
researchers can gain insights into disease mechanisms and identify potential therapeutic targets. 

Despite the potential of miRNAs as biomarkers, there are challenges that need to be addressed.38 
Standardization of sample collection, processing, and analysis methods is essential to ensure 
reproducibility and comparability of results. Furthermore, the identification of disease-specific 
miRNA signatures requires large-scale validation studies involving diverse populations.39 
Additionally, the development of miRNA-based diagnostic tests and their integration into clinical 
practice requires regulatory approval and validation in prospective clinical trials. 
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In conclusion, miRNAs hold great promise as biomarkers for obesity-related diseases. Their 
altered expression pa�erns in various biological samples make them a�ractive candidates for non-
invasive testing and monitoring. The ability of miRNAs to provide insights into disease mechanisms 
further enhances their potential as diagnostic and prognostic tools. Continued research and 
validation efforts are needed to fully exploit the clinical utility of miRNAs in the management of 
obesity-related diseases, with the ultimate goal of improving patient outcomes and personalized 
medicine. 

7. Targeting MicroRNAs for Therapeutic Interventions. Challenges and Future Perspectives 
Understanding the role of miRNAs in CKD and the connection between obesity and 

cardiovascular disorders can provide valuable insights into the underlying mechanisms and potential 
therapeutic targets. Targeting specific miRNAs involved in renal and cardiovascular pathology may 
offer novel strategies for the prevention and treatment of CKD and CVD in the context of obesity.  

Targeting miRNAs holds therapeutic potential for mitigating obesity-related cardiac remodeling 
and dysfunction (Figure 1). Preclinical studies have demonstrated that manipulating miRNA 
expression levels can ameliorate pathological cardiac changes. For instance, miR-133a replacement 
therapy has shown beneficial effects in reducing cardiac hypertrophy and improving contractile 
function in obese animal models.40,41  

By modulating the expression or function of specific miRNAs, it may be possible to influence 
adipogenesis, adipocyte metabolism, insulin sensitivity, and other key pathways involved in obesity. 
Various approaches, such as antisense oligonucleotides, miRNA mimics, and small molecule 
inhibitors, are being explored to manipulate miRNA activity.42 However, more research is needed to 
fully understand the safety, efficacy, and delivery challenges associated with miRNA-based therapies 
in the context of obesity. 

 
Figure 1. Different ways to alter miRNA levels in obese patients in order to get a benefitial effect. 

8. Conclusions 
In conclusion, miRNAs play pivotal roles in the pathogenesis of obesity, chronic kidney disease, 

and cardiovascular disorders, offering exciting opportunities for clinical applications. Further 
research into miRNA biology and their interactions with metabolic pathways and tissue-specific 
targets will likely provide valuable insights for developing innovative strategies to combat these 
global health challenges. 
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