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Abstract. The Global Burden of coronary heart disease (CHD) between 1990 and 2019 report 

shows that in 2019, there were about 9.14 million deaths from CHD globally, and other 197 

million people suffered from CHD. At present, there are limitations in the cure of coronary heart 

disease, and also the research and treatment of some mechanisms. This paper discusses the 

pathogenesis and treatment of coronary heart disease from the perspective of the influence of 

mechanical force. This paper discusses the key role of mechanical force signaling in the 

occurrence and development of atherosclerosis and coronary heart disease (CHD). Studies have 

shown that mechanical forces such as shear stress and tensile stress significantly affect 

endothelial cell function and the stability of atherosclerotic plaques, factors that are critical for 

the progression of CHD. At the same time, it is pointed out that future studies should focus on 

revealing the specific mechanisms of different mechanical forces in atherosclerotic plaque 

formation, vascular remodeling and plaque vulnerability. 
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1.  Introduction 

Atherosclerosis, the main cause of vascular diseases, involves lipid deposits in the artery walls [1]. These 

deposits form unstable plaques that can rupture, leading to blood clots and acute cardiovascular events 

[2].Atherosclerosis accumulates in the coronary arteries, reducing oxygen and blood flow to the heart 

muscle and causing CHD. This illness emphasizes how crucial it is to research mechanical force 

signaling in atherosclerosis in order to comprehend and treat CHD more effectively. Current treatments 

for CHD often address symptoms but not the underlying causes, such as endothelial dysfunction and 

plaque formation.  By studying mechanical force signaling, new therapeutic targets may be identified, 

potentially leading to treatments that directly address plaque formation and instability, improving patient 

outcomes [3]. 

Mechanical force signals influence gene expression and cell function, impacting atherosclerosis and 

CHD. This research aims to explore the effects of mechanical stress on coronary heart disease, 

particularly its role in plaque formation and instability [4]. 

2.  Mechanical Force Signals 

The mechanical forces of the cell microenvironment continuously regulate cell growth, survival, 

apoptosis, differentiation and morphogenesis by reshaping the cytoskeleton and regulating actin 
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contraction. The microenvironment provides mechanical signals, triggering biochemical signals through 

mechanical conduction 

2.1.  Definition and classification 

Blood flow shear force: shear stress (SS) refers to the frictional force exerted by flowing blood on 

endothelial cells within the walls of blood vessels. There are two main forms of mechanical bioforce: 

laminar flow shear force and frictional force parallel to the long axis of the blood vessel; the oscillatory 

shear force is a mechanical pull force which is vertical to the long axis of the blood vessels due to the 

beating of the heart. The shear force of blood flow is closely related to blood viscosity, blood flow 

velocity, and geometric anatomy of blood vessels [5]. 

Tensile stress refers to the stress acting on the wall of blood vessels or organs in both radial and 

circumferential directions, which is mainly caused by blood pressure and can affect the cells in the wall 

of blood vessels. In the heart, mechanical stress on the walls of the heart muscle is also similar to tensile 

stress. Tensile stress is essential in organ development and structure formation.      

2.2.  Biological basis 

The role of mechanical force signaling in atherosclerosis and coronary heart disease is realized through 

a variety of mechanical force sensors and gene expression regulation. These mechanisms play a key role 

in sensing and transducing mechanical force signals: 

Mechanical force sensor: ion channels: such as PIEZO1 and PIEZO2, these ion channels activate 

intracellular signal transduction pathways in endothelial cells by sensing mechanical forces such as shear 

stress and tension [6].Integrins: Integrins, as key proteins in the connection between extracellular matrix 

and cytoskeleton, play an important role in the perception and transduction of mechanical force signals 

[7].Glycoproteins: such as PECAM-1 and VE-cadherin, these molecules connect between endothelial 

cells and sense changes in mechanical forces caused by blood flow [8,9]. 

Mechanical force signals regulate gene expression by activating transcription factors such as KLF2, 

NF-κB, etc., thereby affecting endothelial cell function and inflammatory response. The regulation of 

these genes is a key factor in the onset and progression of atherosclerosis and coronary heart disease 

[10]. 

3.  Mechanical forces and coronary heart disease 

The pathogenesis of coronary heart disease (CHD) involves a series of complex physiological and 

pathological processes, which mainly revolve around coronary artery atherosclerosis and myocardial 

ischemia. 

3.1.  Formation and development of atherosclerosis 

The core pathological process of coronary heart disease is atherosclerosis, that is, atherosclerotic plaque 

formed by the accumulation of lipids in the inner wall of the artery. These plaques, which are usually 

made up of cholesterol, calcium and other substances, build up over time and can lead to narrowing and 

hardening of the arteries, restricting blood flow. 

Mechanical stress significantly affects the pathophysiological process of atherosclerosis. The 

interaction between mechanical forces and cellular responses is critical to understanding the formation 

and development of atherosclerotic plaques [11]. 

For example, HIF-1α is activated by mechanical stress in vulnerable arterial sites with abnormal 

blood flow shear. It is a key regulator under hypoxic conditions, and its activation leads to changes in a 

range of gene expression, promoting the inflammatory response and dysfunction of endothelial cells. 

The activation of HIF-1α enables endothelial cells to release more inflammatory mediators and adhesion 

molecules, attract and activate inflammatory cells, and enhance local inflammatory response, which can 

lead to cardiovascular disease [10]. 
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3.2.  Endothelial cell injury and dysfunction 

Atherosclerosis begins with damage and dysfunction of vascular endothelial cells (ECs). Abnormal 

changes of mechanical stress such as blood flow shear and tension are important causes of endothelial 

cell injury. This damage leads to increased endothelial permeability, infiltration of low-density 

lipoprotein (LDL) into the artery wall and oxidation to oxidized low-density lipoprotein 

(oxLDL) ,causing blood vessels to constrict and further plaque formation [8,10]. 

3.3.  Myocardial ischemia and infarction 

Myocardial ischemia occurs when the supply of blood to the coronary arteries cannot meet the metabolic 

needs of the heart muscle. A short period of ischemia may be reversible, but if the ischemia continues, 

irreversible damage to the heart muscle cells can occur, eventually leading to myocardial infarction. 

4.  Pathological mechanisms of coronary heart disease under mechanical forces 

Coronary heart disease (CHD) is a kind of heart disease that causes myocardial ischemia, hypoxia or 

necrosis due to atherosclerosis of the coronary arteries [8].The mechanism of mechanical stress-induced 

coronary heart disease (CAD) is realized through a series of complex biological processes, in which 

mechanical stress and inflammatory response are key factors 

4.1.  Tensile stress 

After feeling tensile stress, cardiomyocytes regulate the occurrence of cardiac hypertrophy by activating 

MAPK signaling pathways (ERK, JNK, p38 MAPK) and JAK/STAT signaling pathways. These 

pathways play an important role in the thickening of myocardial fibers and the thickening of myocardial 

walls, and long-term pathological tensile stress can lead to cardiac dysfunction and heart failure. 

4.2.  Shear stress effects 

Low shear stress and oscillatory shear stress increase oxidative stress levels, decrease nitric oxide (NO) 

generation, and activate nuclear factor kappa B (NF-κB) to promote endothelial cells' inflammatory 

response and the development of atherosclerotic plaques. It also promotes the development of plaques 

and the occurrence of coronary heart disease by regulating the c-Jun N-terminal kinase (JNK)/p38 

MAPK signaling pathway, increasing the expression of vascular cell adhesion molecule (VCAM-1) and 

intercellular adhesion molecule (ICAM-1).  

High shear stress is associated with the degeneration of fibrous and fibrofatty areas of arterial plaque. 

This degeneration causes plaques to become more susceptible to rupture, increasing the risk of acute 

coronary events such as myocardial infarction. High shear stress promotes an increase in the necrotic 

core area, making plaques more susceptible to rupture and triggering acute coronary events [11,12]. 

The shear force of blood flow can also lead to the damage of vascular endothelial cells, which can 

trigger local inflammatory responses. This inflammatory response further leads to the recruitment of 

monocytes, activation of endothelial cells, and deposition of lipids in the artery wall, eventually forming 

atherosclerotic plaques [13-15]. 

4.3.  Blood pressure 

The role of mechanical tension in vascular smooth muscle cells (VSMCs) must be emphasized when 

studying the effect of mechanical force signal on coronary heart disease. Mechanical tension induced by 

hypertension significantly promotes the proliferation and apoptosis of VSMCs by activating PKCα 

(protein kinase Cα) and MAPK (mitogen-activated protein kinase) signaling pathways, which play a 

key role in the occurrence and development of atherosclerosis (As). These changes in cell behavior not 

only drive vascular remodeling, but also exacerbate atherosclerotic plaque instability and increase the 

risk of acute coronary events [4,14]. 
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4.4.  Vulnerability and rupture of plaques 

Mechanical stress can lead to increased vulnerability to atherosclerotic plaques through a variety of 

mechanisms. Inflammatory cells within the plaque, such as macrophages and T cells, release enzymes 

(such as matrix metalloproteinases) that degrade the plaque's fibrous cap, making it more likely to 

rupture. Once the plaque ruptures, the exposed lipid core can trigger acute thrombosis, leading to a heart 

failure. 

5.  Future research directions and applications 

5.1.  Understanding complex mechanism 

The specific molecular mechanisms of mechanical force signaling in the occurrence and progression of 

coronary heart disease are still not fully understood.  Future research should focus on unraveling the 

specific molecular mechanisms of mechanical force signaling in coronary heart disease, particularly 

how high shear stress affects plaque degradation and rupture by altering endothelial and smooth muscle 

cell function 

5.2.  The need for multidisciplinary research 

Numerous academic fields, including biomechanics, molecular biology, and clinical medicine, are 

involved in the research of coronary heart disease. A thorough knowledge of the function of mechanical 

force signals in coronary heart disease can be achieved through multidisciplinary study. For instance, 

by merging molecular biology research with biomechanical models, the effects of blood flow shear 

stress on atherosclerosis may be more properly reproduced. Furthermore, the therapeutic applicability 

of laboratory results may be confirmed with the support of a mix of animal model studies and clinical 

research. 

5.3.  Applications 

Understanding the role of mechanical force in atherosclerosis provides a new approach for therapeutic 

intervention. Pathways that target mechanical stress activation, such as those involved in HIF-1α, offer 

the potential to develop treatments that prevent plaque formation or reduce plaque susceptibility. For 

example, interventions that regulate shear stress or inhibit HIF-1α activation can reduce inflammatory 

responses and endothelial dysfunction, thereby slowing the progression of atherosclerosis. 

6.  Conclusion 

Through the regulation of gene expression and cellular function, mechanical force signaling plays a 

significant role in the advancement of atherosclerosis and coronary heart disease. The inflammatory 

response and endothelial cell function are influenced by several mechanical stress sensors and signaling 

pathways, which facilitate the development, stabilization, and rupture of atherosclerotic plaques. 

Shear stress promote endothelial inflammatory response and atherosclerotic plaque formation by 

enhancing NF-κB activity, increasing oxidative stress levels and reducing nitric oxide (NO) production. 

High shear is associated with degeneration of the fibrotic areas of plaque, making plaque more likely to 

rupture and increasing the risk of acute coronary events. 

This study highlights the importance of mechanical force signaling in the development of 

atherosclerosis and coronary heart disease (CHD).  Mechanical forces, such as shear stress and tensile 

stress, significantly influence endothelial cell function, inflammatory responses, and the stability of 

atherosclerotic plaques.  These forces contribute to the formation, vulnerability, and potential rupture of 

plaques, thereby increasing the risk of acute coronary events. The research underscores the importance 

of understanding these mechanisms to develop targeted therapies that address the underlying causes of 

CHD, rather than merely treating its symptoms. 

Future studies should further reveal the specific mechanisms of different types of mechanical forces 

in atherosclerotic plaque formation, vascular remodeling and plaque vulnerability, especially how high 
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shear forces promote plaque degradation and rupture by affecting endothelial and smooth muscle cell 

function. 
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