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Introduction
Coronary Heart Disease (CHD) is a cardiovascular disease 

with the highest mortality in the world, which has signiϐicant 
gender differences in the incidence rate and prognosis [1]. 
According to research data, female patients with CHD have 
a higher probability of developing myocardial infarction or 
fatal CHD than males with age [1]. It has been conϐirmed that 
coronary  endothelial dysfunction is the key to the occurrence 
of atherosclerotic plaque. Repeated exposure of endothelial 
cells to blood ϐlow stimuli leads to adaptive changes in 
vascular function and structure. The ϐlow of blood in the lumen 
generates mechanical stimuli that act in various directions 
of the vessel wall, mainly including Wall Shear Stress (WSS) 
parallel to the blood ϐlow direction and cross-wall pressure 
perpendicular to the vessel wall (Figure 1) [2]. Researches 
indicate that WSS plays an important role in the regulation 
of vascular endothelial function, promoting or inhibiting 
the formation of coronary atherosclerotic plaque [3,4]. In 
addition, some researchers believe that exercise can induce 
sharp changes in WSS, trigger endothelial receptors, and thus 
affect the function of endothelial cells [5]. A large number of 
sports physiological studies have conϐirmed that long-term 
regular and reasonable exercise can reduce arterial stiffness, 
increase vascular elasticity, and thereby decrease the risk of 
cardiovascular disease [6-8]. Therefore, this paper brieϐly 

summarizes the effects of exercise intensities on WSS in male 
and female patients with CHD, to provide a theoretical basis 
for establishing personalized cardiac rehabilitation programs 
for patients with CHD in the future. 

Eff ects of exercise on WSS in patients with CHD

Exercise is an important means of non-invasive 
cardiovascular disease prevention, which can cause changes 
in WSS, and this change is related to exercise intensity. 
Endothelial located in the innermost layer of the vascular 
wall can recognize different WSS signals and transmit this 
mechanical force signal to the interior of the cell, resulting 
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Figure 1: Diagram of forces on the wall of a blood vessel [2].
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in changes in the secretion of vasoactive substances such as 
nitric oxide and reactive oxygen species [9,10], which are 
closely related to vascular endothelial function and vascular 
homeostasis. Many in vivo studies have shown that WSS plays 
a key role in the regulation of endothelial function by exercise, 
and the regulation of shear force signals induced by different 
intensities of exercise on endothelial function and the 
mechanobiological mechanisms are different [11,12]. Studies 
have shown that the increase in exercise intensity can increase 
the WSS value acting on the arterial wall, resulting in changes 
in endothelial cell function and phenotypic adaptation [11]; On 
the other hand, exercise can change the direction, frequency, 
pulse amplitude, or blood ϐlow pattern of blood ϐlow to affect 
WSS [13]. For example, during the initial stage of the exercise, 
the blood ϐlow in the vessels represents an oscillatory pattern 
[14], while as the exercise continues, the arterial blood ϐlow 
changes to an antegrade WSS mode, which is beneϐicial for 
changes in endothelial [15]. Experiments have conϐirmed that 
endothelial cell exposed to unidirectional laminar ϐlow WSS 
with a size of more than 10 dyn/cm2 shows the phenotype 
of anti-atherosclerosis and vascular protection, and leakage 
in disturbed oscillatory ϐlow or unidirectional laminar ϐlow 
WSS with the size of less than 4 dyn/cm2 is easy to activate 
the atherosclerotic phenotype [16-18]. Therefore, regulating 
endothelial function through mediating changes in WSS may 
be a key factor in improving cardiovascular function through 
exercise.

Diff erences in WSS between sexes

CHD is myocardial ischemia and hypoxia caused by 
stenosis or even occlusion of coronary artery atherosclerosis. 
Compared with male, female with CHD has a special 
pathogenesis. Emphasizing the role of gender differences in the 
pathogenesis of CHD is important for improving the prognosis 
of CHD in females. Endothelial dysfunction and hemodynamic 
abnormalities are common features and key events in the 
occurrence and development of CHD [19]. WSS, as one of the 
important hemodynamic parameters, is closely related to 
sex. Currently, many studies have proven that there are sex 
differences in the changes of WSS from multiple aspects. For 
example, Xixi Zhao, et al. conducted a cross-sectional study 
to monitor the mean WSS (MWSS) of the cerebral artery of 
301 healthy males and females with aged between 18 and 84 
years [20]. They found that MWSS in both males and females 
decreased signiϐicantly with age, and the most signiϐicant 
decrease occurred between the age range of 48-57 and 58-67. 
Furthermore, compared to males, females had signiϐicantly 
higher MWSS.  Studies have shown that differences in WSS 
between sexes are closely related to anatomical structure, and 
physiological characteristics differences in the cardiovascular 
system. The anatomical results show that females have a 
smaller heart volume, coronary artery diameter, and lumen 
area than males [21]. The literature review written by Cheng, 
et al. elucidates that the value of WSS is inversely proportional 
to the vascular diameter (Figure 2) [22]. In addition, a 12-

year longitudinal study found that the peak of WSS and 
MWSS decreased more signiϐicantly with age in males than 
in females, which was related to a more signiϐicant increase 
in arterial intimal thickness and degree of arteriosclerosis 
in females [23]. In terms of physiological function, an animal 
experimental study conducted by Huang A, et al. showed that 
estrogen in females regulates vascular dilation by stimulating 
the release of NO from endothelial cells, which can further 
affect the value of WSS [24]. These studies directly or indirectly 
indicate a close relationship between the mechanism of sex 
differences in CHD and WSS.

Discussion
Atherosclerosis is an independent risk factor for the 

occurrence and development of CHD, and hemodynamic 
factors may be the vital factors of atherosclerosis changes, 
which play a key role in the formation and development of 
lesions. Therefore, studying the effects of exercise training 
on WSS is of great signiϐicance for early diagnosis and cardiac 
rehabilitation. Intensities of exercise have great effects 
on WSS. The maximum and mean values of WSS and the 
oscillatory WSS increase with increasing exercise intensity 
[25]. Research shows that moderate-intensity exercise is the 
most commonly recommended exercise prescription [26], 
which can not only reduce the damage to blood vessels caused 
by high-intensity exercise but also obtain higher exercise 
beneϐits. It is mainly manifested by the greater amplitude 
of changes in the oscillatory WSS index after high-intensity 
exercise, and the longer recovery time required after exercise. 
As mentioned earlier, there are signiϐicant differences in 
WSS between males and females [27], and this difference is 
directly or indirectly related to differences in cardiovascular 
between males and females [28]. Even in multivariate models 
that consider body surface area and control for other factors, 
the diameter of blood vessels in females is relatively small 
[21], and the vascular diameter is inversely correlated with 
the value of WSS [22]. However, in addition to physiological 
differences between sexes, differences in their lifestyle habits 
are also factors that cannot be ignored. Studies have shown 
that females are less physical activity than males [29], while 
exercise is an important means of preventing and improving 
cardiovascular disease. A randomized controlled experiment 

Figure 2: Relation between mean WSS and vessel lumen diameter in diff erent 
types of arteries of non-atherosclerotic humans [22].
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has shown that low-intensity continuous exercise can 
improve endothelial function in postmenopausal females, but 
high-intensity intermittent exercise has a better effect than 
moderate-intensity continuous exercise [29]. Another study 
based on a young obese male showed that high-intensity 
intermittent exercise can also signiϐicantly improve WSS 
and endothelial function [11]. This review mainly elaborates 
on the role of WSS in the process of exercise-mediated 
improvement of vascular endothelial function, providing a 
reference theoretical basis for further research on WSS with 
different exercise intensities. It is expected that in the future, 
suitable exercise prescriptions can be developed for patients 
with CHD, especially for female patients with speciϐicity. At 
the same time, it also provides an important exercise pathway 
for simulating the increase of WSS in exercise scenarios.

Conclusion
In summary, abnormal changes in WSS are an important 

factor leading to endothelial cell damage in coronary arteries, 
and there are clear sex differences. As an important means 
of non-invasive prevention and treatment of cardiovascular 
diseases, exercise can effectively regulate changes in WSS, 
and this change is related to exercise intensity. Therefore, it 
is an important measure to improve the cardiac rehabilitation 
effect for male and female CHD patients by monitoring WSS 
and formulating personalized exercise prescriptions for 
cardiac rehabilitation.
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