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ABSTRACT 

Background: Cardiometabolic diseases (CMD) and its complications have reached epidemic proportions 
worldwide. These metabolic diseases and related syndrome such as type 2 diabetes mellitus, obesity, and 
metabolic-associated steatotic liver disease, among others account for the rising in cardiac morbidity and 
mortality worldwide. Considering the excruciating burden of CVDs globally, and the possible therapeutic potential 
of exosomes, the present review is undertaken to provide information regarding the current advances in CMDs 
and its complications.  

Discussion: Result from the present findings showed that exosomal miRNAs (miR-103, miR-29, and miR-107) 
regulate hepatic gluconeogenesis, insulin secretion, and autophagy, impacting glucose metabolism. Additionally, 

exosomes enhance local and ischemic inflammation by stimulating inflammatory cytokine release from immune 
and endothelial cells in plaque formation. Furthermore, exosomes contribute to endothelial dysfunction by 
reducing nitric oxide production, thereby altering vascular tone, and promoting plaque formation. They also 
facilitate lesion progression, vascular calcification, and endothelial rupture. Exosomal non-coding RNAs (miR-1 
and miR-133a) are also implicated in cardiac remodelling and fibrosis. However, the findings also revealed that 
exosomes from healthy cardiac fibroblasts protect cardiomyocytes from ischemic injury by enhancing miR-423-
3p, which downregulates RAP2C, reducing apoptosis. Similarly, exosomes from healthy cardiomyocytes of 
subjects interact via activating pathways (TLR4, ERK, p38MAPK, HSP27, HSP70) that inhibit apoptosis. 

Conclusion: This review showed that extracellular vesicles, exosome played a pivotal role in the CMD, which 
suggests that exosomes could be a possible therapeutic target in ameliorating CMD and CVD risk. 

Keywords: Cardiometabolic diseases; Mitochondria dysfunction; Exosomes; Inflammation; Cardiovascular 
diseases. 

 

INTRODUCTION 

Cardiometabolic diseases (CMD) are various 

metabolic disorders that contribute to the risk of 

cardiovascular challenges.1 These include type 2 

diabetes mellitus (T2DM), obesity, metabolic-

associated steatotic liver disease (MASLD), 

polycystic ovarian syndrome (PCOS), chronic 
kidney diseases (CKD) among others, and 

altogether remain an independent risk factor to 

cardiovascular diseases (CVD). 2-4 Cardiometa-

bolic diseases have risen as a global health issue 

for public health and it is consistently increasing 

the incidence and prevalence of CVD 

worldwide.5,6 Evidence suggest that the 

prevalence and burden of CVD varies substan-

tially by lifestyle, race, ethnicity, genetics and 

social risk factors.7 Nevertheless, the extent to 

which lifestyle risk factors and CMD occur 

individually or together is not well established, 

limiting the ability to identify critical high-risk 

contributors, including CMD for early diagnosis 

and prevention/management of CVD. Addition-

ally, experimental and human studies have 

implicated CMD as a critical factor in the 
heightened morbidity and mortality that is 

attributable to CVD.8,9 Hence, CVD remains the 

leading cause of death and accounts for a global 

estimate of 17.9 million lives per annum.10-12  

In the United States, the prevalence of CMDs 

including obesity, diabetes, and hypertension 

have increased substantially, particularly in 

young adults, and this has been attributable to 

poor lifestyle behaviours.4,13 Similarly, statistical 

data have shown that CMD and/or CVD remain 
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the most common cause of death in the 

European region, accounting for over 1.8 million 

deaths annually, and placing the healthcare 

systems under intense pressure from an influx 

of patients with CVD or metabolic-related 

syndrome.14 It has also contributed to a high 

fatality and morbidity in Asian races accounting 
for a wide range of pathological states such as 

metabolic cardiomyopathy, ischemic heart 

disease (IHD), atherosclerosis, heart failure, 

etcetera, in both young and old adults.15,16 

Likewise, population-based studies in Africa 

have demonstrated a high prevalence of meta-

bolic risk factor with an absolute risk score 

ranging from 12.5-15.3, representing a serious 

public health issue in African region.17 In Nigeria, 

report has shown that about 13.8%-18.1% of 

women in the reproductive age are diagnosed 

with PCOS, which predisposes these women to 

cardiovascular complications.18  

Although the pathophysiology of CMDs remains 

under elucidation, chronic inflammation has 

been strongly implicated in their development, 

including conditions such as T2DM, myocardial 

infarction (MI), MASLD, stroke, IHD, and 

hypertension.19 Studies have shown that IR 

disrupts cytokine regulation, promoting macro-

phage infiltration from adipose tissue and 

enhancing pro-inflammatory cellular respon-

ses.19,20 This chronic inflammatory state exacer-

bates complications in individuals with conven-
tional cardiovascular risk factors. Additionally, 

oxidative stress, driven by an imbalance of 

reactive oxygen species (ROS), depletes antioxi-

dant defenses and contributes significantly to 

the pathogenesis of obesity, T2DM, and atheros-

clerosis, thereby contributing to CMD progress-

sion.19,20 Mitochondrial dysfunction has also 

emerged as a critical pathological mecha-nism in 

CMDs and their cardiovascular manifestations. 

Both experimental and clinical data show that 

impaired mitochondrial quality control contri-

butes to myocardial dysfunction observed in 

various cardiac conditions, including cardiac 

hypertrophy, MI, ischemia/reperfusion injury, 
and metabolic cardiomyopathies.21,22 Dysfunc-

tional mitochondria generate toxic ROS, which 

disrupts the mitochondria respiratory chain and 

compromise ATP synthesis. These processes lead 

to cardiomyocyte apoptosis or necrosis triggered 

by cytochrome c release, and mitochondrial 

permeability transition pore (mPTP) opening, 

respectively. Thus, mitochondrial and inflamma-

tory dysfunction are key drivers in CMD-related 

CVD.22,23 

Exosomes are extracellular micromolecules 

secreted by most cell types and play a central 

role in intercellular communication under both 

physiological and pathological conditions.24 

Within the cardiovascular system, exosomes are 

released by diverse cell types, including 

cardiomyocytes, cardiac fibroblasts/progenitor 

cells, endothelial cells, and immune cells. They 

carry various bioactive molecules such as DNA, 

RNA, microRNAs (miRNAs), proteins, and lipids 

facilitating targeted molecular exchange and 

signaling. Their involvement has been widely 

implicated in the development and progression 

of CVD, including heart failure, atherosclerosis, 

and myocardial ischemia.24 Exosomes serve dual 
roles: as mediators of pathological signaling and 

as vehicles for cardioprotective responses, 

thereby holding potential as both diagnostic 

biomarkers and therapeutic agents. The miRNA 

content is highly dynamic and reflects the 

pathophysiological state of the heart, suggesting 

that exosome-associated miRNA pathways may 

represent viable targets for novel therapeutic 

strategies. 25 Given the rising global burden of 

CMD and their cardiovascular complications, 

there is necessity for further research into 

exosome biology. 26 The present review explored 

the potential benefits of exosomes in CMD and 

provided a fundamental basis for future studies 
regarding exosomes as possible target in early 

prevention and management of CMD and its 

comorbidity.  

CARDIOMETABOLIC DISEASES  

Cardiometabolic diseases (CMD) is a cluster of 
metabolic and related conditions that predispose 

individuals to CVD.27 These include T2DM, 

obesity, MASLD, hypertension and related 

syndrome. 18 These conditions often result in 

cardiovascular morbidity and mortality, which 

remains the leading cause of death globally.28 

Approximately 31% of all global death are 

associated with CMDs and 75% of these occur in 

low-/middle-income countries.29 A recent study 

showed that 6.8% of Americans suffer cardio-

metabolic health complications, which is charac-

terised by increased body mass index (BMI), 

cholesterol level, blood pressure, with normo-

/hyperglycemia and IR, impaired glucose tole-
rance, inflammation, chest pain, and alteration 

in urine output.30  Elevated BMI or obesity has 

been reported as a huge driver of CMDs in Africa, 

which is notably triggered by a greater level of 

total adiposity.31,32 In fact, visceral adiposity is 

considered as a prime cause of CMDs, and has 

been positively correlated to T2DM, hyperten-

sion, atherogenic dyslipidemia.33,34 Similarly, a 

recent experimental study validated that visceral 

adiposity is a major link to CMD complications, 

including cardiac inflexibility.35 However, the 

mechanistic link between visceral adiposity and 

CMD is largely under elucidation.31,35 Several 

metabolic diseases and related syndrome have 
been identified as a cluster of cardiovascular risk 

factors,18 including T2DM, obesity and IR, 

MASLD, hypertension, atherogenic dyslipidemia.  

i. Type 2 diabetes mellitus 

This is a major threat to global health often 

characterized by IR that has been linked to CVD, 

contributing to an increase in the rate of 

morbidity and mortality globally.36 About 530 
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million adults globally are diagnosed with 

diabetes and approximately 98% of this 

population are presented with T2DM,37 with 

about 1.5 million death-related cases annually 

and about 48% of these deaths were recorded in 

individuals below the age of 70 years.38,39 An 

analysis by the National Health Interview Survey 
showed that 8.5% of adults in the United States 

were diagnosed with T2DM.37,40 In addition, the 

incidence of T2DM in children and adolescents is 

continually on the increase, due to the incessant 

rise in the rate of childhood obesity.41 Evidence 

show that macrovascular and microvascular 

alterations in T2DM, often results in diabetic 

retinopathy, neuropathy, nephropathy, cardio-

myopathy among others, which is largely due to 

environmental factors, lifestyle/diet, with little 

contribution to genetics and aging.42 Coronary 

heart disease, ischemia, cardiomyopathy, 

arrhythmias, peripheral artery disease, cerebro-

vascular diseases, among others are complica-
tions that affect the macrovascular system of 

diabetic patients and serve as independent or 

joint risk factors that contribute to sudden death 

in diabetic individuals, as CVD remains the 

primary cause of death in individuals with,43 

affecting about 90% of diabetic individuals.44 

ii. ii. Obesity and insulin resistance 

Obesity is a rapidly increasing, complex 

metabolic disease affecting over 30% of the global 

population and contributing to about 8% of 

annual deaths worldwide.45 Projections indicate 

that by 2030, more than 38% of people will be 

overweight or obese. Obesity was originally more 

common in developed countries, driven by 

environmental factors, diet/lifestyle choices, and 

genetics. However, its prevalence has rapidly 

increased in developing countries, affecting 

children and adolescents.46 The condition is 
characterized by excessive adiposity, IR, hyper-

glycemia, increased BMI (≥ 30). 47 Obesity is 

strongly linked to various chronic diseases, 

including T2DM, kidney disorders, and CVD.48 

Insulin resistance plays a critical role in 

exacerbating metabolic complications associated 

with CMD.49 Under physiological conditions, 

insulin regulates glucose homeostasis by 

promoting glucose uptake in insulin-sensitive 

tissues such as adipose tissue, liver, and skeletal 

muscle.50 However, disruptions in insulin 

signalling impair these metabolic functions, 

which aggravates cardiovascular risk factors.51 

(Figure 1).   

 

iii. Metabolic-associated steatotic liver 

disease (MASLD) 

Metabolic-associated steatotic liver disease 

(MASLD), including non-alcoholic steatohe-
patitis (NASH), cirrhosis, and hepatocellular 

carcinoma is now the leading cause of chronic 

liver disease globally and a major indication for 

liver transplantation. Affecting nearly one-third 

of adults in developed nations, MASLD has 

emerged as a significant public health concern.52  

 

 

Figure 1: The link between metabolic disease and hypertension 
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Strong associations have been established 

between MASLD and metabolic disorders such 

as obesity, T2DM, and atherogenic dyslipidemia, 

largely mediated by insulin resistance, and 

MASLD share several common risk factors with 

CVD. Hyperlipidemia which is an independent 

contributor to hypertension, CHD, and 
cardiomyopathy has been implicated in over half 

of MASLD patients and contributes to elevated 

morbidity and mortality.53 Atherogenic dyslipi-

demia is frequently observed in MASLD and has 

been reported to promote systemic lowgrade 

inflamemation.53,54 Evidence show that lipid 

accumulation in hepatocytes induces inflamma-

tory responses, which in turn increase the risk 

of extrahepatic complications, particularly 

CVD.55 Cardiovascular disease is the leading 

cause of death among individuals with MASLD, 

account-ting for approximately 40% of all 

MASLD-related mortality worldwide. 56,57 

iv. Hypertension  

Hypertension is characterized by a persistent 

elevation in blood pressure and frequently 

coexists with metabolic and anthropometric 

abnormalities, including abdominal obesity and 

glucose intolerance.57 It is the leading global risk 
factor for CVD and commonly occurs in 

individuals with metabolic syndrome by associa-

ting with IR, obesity, and Atherosclerosis.58 

Similarly, hyperinsulinemia possibly promotes 

hypertension through chronic activation of the 

sympathetic nervous system and the renin-

angiotensin-aldosterone system (RAAS), enhan-

cing renal sodium reabsorption and causing 

vascular smooth muscle hypertrophy.57,59 

Evidence has shown a strong link between 

obesity and hypertension.60 Furthermore, 

research in sub-Saharan African adolescents 

reveals that childhood obesity is associated with 

premature onset of hypertension, which often 
persists into adulthood. Developing nations, 

including sub-Saharan Africa, experience 

 

 

 

 

 

 

 

 

increasing hypertension prevalence, with many 

cases progressing from childhood into 

adulthood, potentially leading to left ventricular 

hypertrophy and related complications.60,61 

Hypertension also contributes to endothelial 

dysfunction, triggering vascular remodeling, 

atherosclerosis, and cardiocerebrovascular 
diseases.59 It is recogni-zed as a silent killer, 

affecting 38.5% of adults and 42.16% of 

children.59,61 

v. Atherogenic dyslipidemia 

Atherogenic dyslipidemia is characterized by 

elevated levels of triglycerides, total cholesterol, 

and low-density lipoprotein cholesterol (LDLc), 

alongside decreased high-density lipoprotein 

cholesterol (HDLc), and has been well-

established as an independent risk factor of 
CVD.62 The prevalence of atherogenic dyslipi-

demia is approximately 50% among adults, 

globally. Lipid alterations in atherogenic 

dyslipidemia promote the development and 

progression of atherosclerosis, which underlies 

clinical outcomes including heart failure, stroke, 

MI, kidney failure, and endothelial dysfunction. 

The pathological process involves lipid and 

cholesterol deposition in the vascular intima, 

leading to toxic ROS release and oxidative stress, 

which impairs left ventricular function.62 

Similarly, oxidized LDLc triggers the expression 

of adhesion molecules and chemotactic factors, 

which exacerbates endothelial dysfunction 
through monocyte-macrophage recruitment. 

Lipid accumulation also stimulates smooth 

muscle proliferation and inflammatory active-

tion, culminating in cellular necrosis and plaque 

formation, intensifying atherosclerosis. Elevated 

TG combined with LDLc increases the risk of 

CHD, contributing to over four million deaths 

annually.63,64 Despite the increased prevalence, 

awareness of hypercholesterolemia remains low 

due to the asymptomatic nature of atherogenic 

dyslipidemia which could further trigger 

cardiovascular events.65,66 (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Various factors that contribute to atherogenic dyslipidemia 
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EMERGENCE OF MITOCHONDRIA DYS-

FUNCTION IN THE PATHOGENESIS OF CMD 

Mitochondria are double-membrane cellular 
organelles essential for ATP production and 

oxidative metabolism in eukaryotic cells. 

Mitochondria consist of outer and inner 

mitochondria membranes (OMM and IMM), with 

the mitochondrial respiratory chain located in 

the IMM. Oxidative phosphorylation (OXPHOS) is 

a process occurring in the IMM which involves 

the oxidation of NADH and phosphorylation of 

ADP to produce ATP required for metabolic 

activities.67 However, mitochondrial dysfunction 

has been implicated in the pathogenesis of CMD 

and is characterized by dysregulated bioenerge-

tics and altered intracellular signaling, which 

disrupts oxidative metabolism, by impairing 
oxidative enzyme activities and lipid oxidation.68 

Although the cause-effect relationship remains 

unclear, evidence has shown that mitochondria 

respond to stress signals including DNA damage 

and hypoxia, thus suggesting that mitochondria 

may be a therapeutic target for the management 

of CMD.67,69 

Moreover, mitochondria generate approximately 

60% of ATP from fatty acid beta-oxidation. 
However, during cardiac pathology induced by 

IR, energy metabolism shifts toward increased 

glucose utilization and reduced fatty acid 

oxidation.67 This metabolic switch leads to 

uncoupled glycolysis, excessive lactate produc-

tion, and reduced ATP synthase efficiency, which 

aggravates pathological remodeling.67 Mito-

chondrial dysfunction also impairs insulin secre-

tion by pancreatic beta cells, contributing to 

glucose dysregulation and several metabolic 

disorders. Additionally, impaired mitochondria 

dynamics and mitochondrial quality control have 

been implicated in various cardiovascular 

events, including hypertrophy, MI, ischemia/ 
reperfusion injury, and metabolic cardiomyo-

pathyies.70 Dysfunctional mitochondria alter 

respiratory chain activity, which contributes to 

excessive ROS production, and calcium ion 

imbalances leading to cardiomyocyte apoptosis 

triggered by cytochrome c release, and necrosis 

induced by mitochondrial permeability transi-

tion pore (mPTP) opening.71 

DIAGNOSIS AND MANAGEMENT OF 
CARDIOMETABOLIC DISEASES 

There is increasing evidence that lifestyle 

modification and pharmacotherapy can delay or 

prevent the onset of CVD, including IR, T2DM, 

and obesity.27 Regular risk assessment is 

essential to guide therapy toward optimal 

cardiometabolic health. Five major organiza-

tions, including National Cholesterol Education 

project adult treatment panel 3 (NCEPATPIII), 
Nation Heart, Lung and Blood Institute 

(NHBI)/American Heart Association (AHA), 

World Health Organization (WHO), European 

Group for the study of Insulin Resistance (EGIR), 

International Diabetes Federation (IDF), offer 

diagnostic criteria for CMD, though their 

definitions vary. Regardless, the presence of 

clustered risk factors significantly increases CVD 

risk. Common components include dyslipidemia, 

hypertension, IR, and obesity, though their 

individual contributions differ.72 

Clinical assessment includes a full fasting lipid 

profile (e.g., total cholesterol >200 mg/dL, LDL 

>100 mg/dL, triglycerides >150 mg/dL, HDL 

<40/50 mg/dL), blood pressure ≥130/85 mmHg, 

and glucose dysregulation markers (fasting 

glucose, OGTT, or HbA1c). Additionally, BMI >22 

kg/m² indicates elevated CMD risk. Risk 

stratification tools, including biochemical tests, 

ECG, imaging, and biomarkers such as high-

sensitivity troponin, and proBNP >125 can detect 
early CVD.73 Imaging techniques such as 

coronary calcium scoring, computed tomography 

angiography, and ultrasound help identify 

asymptomatic patients with diabetes. Moreover, 

chronic kidney disease (CKD) is often co-

diagnosed with T2DM, which increases the risk 

of CVD in patients with both complications.42 

Similarly, evidence shows that albuminuria and 

associated lipid abnormalities further increase 

CVD risk, highlighting the need for improved 

guidelines in CMD/CVD assessment and 

prevention.42-44 The present management regi-

men for CVD includes the following:  

Pharmacological agents  

There has been a significant shift in drug 

development targeting CMD, especially T2DM 

and associated cardiovascular risks. Sodium-

glucose cotransporter-2 inhibitors (SGLT2i) and 
glucagon-like peptide-1 receptor agonists (GLP-1 

RAs) have demonstrated clear cardiovascular 

benefits in patients with and without T2DM. The 

food and drug regulatory agencies (FDA) have 

approved antidiabetic agents, including liraglu-

tide, canagliflozin, semaglutide, dulaglutide, and 

empagliflozin, to reduce major adverse cardiac 

events, heart failure and CKD.74 Additionally, 

GLP-1 RAs, noted for their potent weight loss 

effects, are particularly recommend-ded in 

regions with high obesity prevalence. Despite 

these benefits and guideline endorsements, 

these therapies remain underutilized. Notably, 

improving CMD care requires physician training 
to individualize management and reduce 

barriers to prescribing these agents. Currently, 

clinical care is often fragmented between 

cardiology and endocrinology specialties, with 

debate on whether primary care or specialists 

should manage patients with CVD and 

cardiovascular events. Given that cardiology 

training typically lacks emphasis on glycemic 

control, weight loss drugs, and lifestyle 

counseling, cardiologists may be less comfort-

table managing these aspects.75 Therefore, it is 

recommended that primary care physicians 

oversee CMD management and the side effects of 



9 Journal of Medicine & Biomedical Research 

 

Volume 25, Number 1, June, 2026 

Research 

 

these pharmacotherapies to improve patient 

outcomes. 

Lifestyle modification 

Lifestyle modification is crucial at all stages of 

CMD as it simultaneously targets multiple risk 

factors. Recommended strategies include a diet 

low in saturated fats, high in fiber and fish, and 

maintaining a BMI of 20-25 kg/m². Moderate 

physical activity, such as 30-60 minutes daily or 

3.5-7 hours per week, is effective in combating 

obesity. Evidence-based diets help prevent CMD, 

including the Mediterranean, vegetarian/vegan, 
portfolio, and Nordic diets. The Mediterranean 

diet, rich in vegetables, legumes, nuts, whole 

grains, and monounsaturated fats from olive oil, 

has been shown to protect against CMD and 

metabolic syndromes. Studies, including a 

randomized controlled trial with over 700 

participants, demonstrated a 30% reduction in 

cardiovascular events compared to a low-fat diet 

without medication. The vegetarian diet reduces 

CHD mortality and CMD risk by approximately 

40%, and is considered a superior nutraceutical 

for T2DM treatment. The portfolio diet lowers 

blood cholesterol through soluble fiber, tree 

nuts, and soy proteins. The Nordic diet similarly 
reduces LDLc by 21% and lowers blood pressure, 

favoring canola oil over olive oil. It also improves 

glucose homeostasis and decreases T2DM risk.76 

Experimental data from our laboratory suggest 

that acetate-rich diets may benefit management 

of obesity, diabetes, and PCOS-related CMD. 

Collectively, these lifestyle interventions provide 

effective, evidence-based approaches to CMD 

prevention and management.77 

ROLE OF CARDIAC EXOSOMES IN 

CARDIOMETABOLIC DISEASES 

Despite emerging therapeutic strategies, CMDs 

is still among the leading causes of cardiovas-

cular mortality and morbidity worldwide. 

Exosomes have recently gained public interest 

because of their role in metabolic homeostasis in 

cardiovascular physiology. Exosomes not only 

serve as carriers for signal molecules responsible 

for intercellular and interorgan communication 
underlying disease pathophysiology substantial 

but also are bioactive agents which are partly 

responsible in setting of metabolic abnormalities 

and as a therapeutic agent in cardiac 

dysfunction.24 

Role of exosomes in apoptosis, 

inflammation, angiogenesis and fibrosis 

Cardiomyocyte apoptosis is a key event in CVD 

progression, and exosomes play a crucial role in 

regulating this process. Exosomes from cardiac 

fibroblasts protect cardiomyocytes from ischemic 

injury by enhancing miR-423-3p, which 

downregulates RAP2C, reducing apoptosis. 

Similarly, exosomes from healthy subjects 

interact via HSP70 and toll-like receptor 4 (TLR4) 

on cardiomyocytes, activating pathways include-

ing TLR4, ERK, p38MAPK, HSP27 that inhibit 

apoptosis.24,78 Likewise, exosomes can also 

promote apoptosis; for example, those derived 

from cardiac endothelial cells postinfarction 

increase ILK, activating NF-κB and worsening 

cell death. The interaction of the immune system 
with cardiovascular function is complex, with 

exosomes mediating intercellular communica-

tion. Activated macrophages release miR-155-

enriched exosomes that increase proinflamma-

tory cytokines (TNF-α, IL-6) in myocardium, 

exacerbating inflammation. Inflammation can 

impair the protective effect of endothelial 

exosomes, which contributes to cardiac injury.78 

Angiogenesis and capillary density, essential for 

cardiac repair, are negatively impacted by pro-

inflammatory macrophage exosomes carrying 

miR-155, which inhibit the sirtuin-1/eNOS 

pathway in endothelial cells, worsening injury. 

Exosomes can also act as miR-29 sponges to 
reduce oxidative stress by modulating IGF-1. 

Cardiac fibroblasts, vital for normal heart 

function, contribute to fibrosis when pathologi-

cally activated. Exercise induces diabetic 

cardiomyocytes to release exosomes enriched in 

miR-29b and miR-455, suppressing MMP9 and 

reducing fibrosis. However, exosomal miR-217 

from cardiomyocytes promotes fibrosis by 

stimulating fibroblast proliferation.79 Mechanical 

stress triggers exosomal miR-378, which inhibits 

fibrosis by suppressing the MAPK-SMAD2 

pathway.24,79 

Exosomes in metabolic diseases 

Metabolic diseases such as diabetes, obesity, 

atherogenic dyslipidemia, and hypertension 

collectively constitute metabolic syndrome, 

which is defined by biochemical and physio-

logical disturbances in glucolipid metabolism. 

The pathogenesis of these conditions is 
multifaceted, encompassing insulin resistance, 

alterations in adipose tissue distribution, 

dysregulated glycoprotein metabolism, and 

inflammatory processes.30-35 Emerging evidence 

shows that exosomes, modulate critical 

metabolic pathways in these disorders, which 

makes them possible diagnostic markers and 

therapeutic targets. 24 

Obesity, a cardiovascular risk factor is 
associated with increased adiposity and adipo-

cyte hypertrophy, which elevates adipocyte-

derived exosome levels.24,45 These exosomes 

carry distinct miRNAs in obese versus lean 

individuals, influencing glucose and lipid meta-

bolism across metabolic tissues. For example, 

adipocyte-derived exosomes stimulate macro-

phages to release proinflammatory cytokines 

(TNF-α, IL-6) via the TLR4 pathway, promoting 

chronic inflammation and glucose intolerance. 

Additionally, macrophage-derived exosomal 

miR-155 suppresses PPAR-γ, impairing insulin 

sensitivity. Similarly, T2DM also exhibits 
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increased circulating exosomes, particularly 

from immune cells, correlating with IR. 

Exosomal miRNAs such as miR-103, miR-29, 

and miR-107 regulate hepatic gluconeogenesis, 

insulin secretion, and autophagy, impacting 

glucose metabolism. Proinflammatory exosomal 

miRNAs (miR-142-3p/5p) promote beta-cell 
apoptosis and immune cell recruitment, while 

circular RNAs reduce beta-cell proliferation.78 

Additionally, atherogenic dyslipidemia has been 

reported to promote lipid accumulation/overload 

and inflammation which enhances exosome 

release enriched with ceramides from hepato-

cytes, and adipocytes. Likewise, exosomes 

regulate lipid degradation and adipose tissue 

distribution by modulating lipid transporter 

expression, highlighting their role in intercellular 

communication within metabolic diseases.24 

Exosomes in cardiovascular diseases 

Cardiovascular disease frequently arises as a 

consequence of metabolic disorders. Emerging 

evidence indicates that diverse cardiovascular 

cell types utilize exosomes to regulate heart 

function during the development and progress-

sion of CVD. Furthermore, atherosclerosis 

represents the leading cause of coronary artery 
disease and myocardial ischemic injury.18,24 

Extracellular vesicles, including exosomes, have 

been observed in atherosclerotic plaques across 

all stages of the disease. These vesicles derive 

from various cell types present in the plaque 

microenvironment. The inflammatory milieu 

during plaque progression promotes extensive 

tissue remodeling, wherein exosomes demons-

trate dual functionality, exerting both anti-

inflammatory and proinflammatory effects.25,26 

Evidence has shown that exosomes can enhance 

local and ischemic inflammation by stimulating 

inflammatory cytokine release from immune and 

endothelial cells early in plaque formation.80 
Furthermore, exosomes contribute to endothelial 

dysfunction by reducing nitric oxide production, 

thereby altering vascular tone, and promoting 

plaque formation. They also facilitate lesion 

progression, vascular calcification, and endo-

thelial rupture.25 Notably, inflammation is a 

feature of cardiomyopathy, and exosomes have 

been implicated to elicit proinflammatory 

responses. Platelet-derived exosomes enriched 
with NADPH oxidase, disulfide isomerase, and 

nitric oxide synthase disrupt inflammation 

resolution in cardiac tissue and downregulate 

miR-223, which is an anti-inflammatory 

microRNA.24 These exosomes induce endothelial 

apoptosis, exacerbating vascular dysfunction. 

Additionally, hyperglycemia triggers cardio-

myocyte-derived exosomes enriched with miR-

320, which inhibits endothelial proliferation and 

perpetuates dysfunction in diabetes-associated 

cardiomyopathy. Exosomal non-coding RNAs 

such as miR-1 and miR-133a are also implicated 

in cardiac remodeling and fibrosis.24,80 Advances 

in understanding cardiometabolic pathogenesis 
have spurred research into exosomes as 

diagnostic and prognostic biomarkers, drug 

delivery nanocarriers, and cell-free therapeutics 

for tissue regeneration. Due to their stability and 

reflection of tissue homeostasis, exosomes offer 

non-invasive means for early detection of CMD 

and their cardiovascular complications. Their 

biocompatibility, specificity, and biodegrade-

ability further support their potential as effective 

drug delivery vehicles and tools to assess 

therapeutic efficacy. (Figure 3). 

CONCLUSION AND FUTURE PERSPECTIVE 

Collectively, cardiometabolic diseases are 

continuously associated with increased cardio-

vascular morbidity and mortality, which has 

remained the leading cause of death globally. 

Despite decades of research and investigation, 

the pathophysiology is completely unresolved 

which have contributed to suboptimal preven-
tion, diagnosis and management. Nevertheless, 

 

 

Figure 3: Involvement of exosomes in metabolic diseases and progression to cardiomyopathy 
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novel biomarkers for early diagnosis and 

prognosis as well as therapeutic strategies that 

prevent cardiometabolic disease complications 

are urgently imperative. Exosomes specifically in 

the current review have been described as both 

mediator and therapeutic candidate in the 

pathogenesis of these excruciating metabolic 
disorders. The present review has also noted 

increase level of exosomes in both experimental 

animals and humans with obesity, insulin 

resistance, diabetes, atherogenic dyslipidemia 

and atherosclerotic cardiovascular dysfunction 

and this reflects the relevance of exosomes for 

signal transduction in metabolic regulation. 

Specific miRNAs enclose in exosomes including 

cardiac exosomes represent critical signalling 

pathways in glucose and lipid metabolism.  In 

addition, cardiac function is also regulated by 

exosomal cargo and changes in cardiac and 

vascular function due to glucotoxicity/ 

lipotoxicity also induce the release of exosomes 
that has been shown to ameliorate or further 

cardiac/endothelial damage. Similarly, exo-

somes have been implicated in inflammatory 

response in the setting of CMDs as is well known 

that inflammation characterised both metabolic 

and cardiovascular disruption. Exosomes also 

transfer component and modulator of inflamma-

tory pathways across the immune system. 

Considering the functional role such as 

biodegradability, maintenance of homeostasis 

due to their stability, specificity for drug delivery, 

therapeutic intervention, among others, exoso-

mes have been suggested as a non-invasive 

biomarker for diagnosis and prognosis. The 
review has also shown that exosomes have the 

potential to be used in determining the risk of 

developing cardiometabolic abnormalities and it 

can also be proposed for the early diagnosis of 

CMDs and to access its progression to 

cardiovascular complications. 

More so, exosomes assessment may be a 

classical marker of CMDs such as obesity, 

diabetes mellitus, insulin resistance, athero-

genic dyslipidemia, and hypertension among 
others. This review has provided fundamental 

bases for future studies regarding the patho-

physiological and interventionary roles of 

exosomes in cardiometabolic disease and its 

attendant cardiovascular morbidities. Future 

studies should focus on molecular mechanisms 

underlying the therapeutic actions of exosomes 

in CMDs and related cardiomorbidities. 
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