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Abstract: Objective To investigate the effect of resistance exercise on self-management ability, vascular endothelial relaxation 

and atherosclerosis in patients with hypertension.  Methods A total of 160 patients with hypertension treated in Sinopharm 

Dongfeng General Hospital from December 2019 to January 2022 were enrolled in this study. Patients were divided into study 

group (n=80) and traditional group (n=80) by random number table method. The traditional group was given routine aerobic 

exercise training based on drug therapy, and the study group was given anti-resistance exercise training based on traditional 

therapy. Patients in both groups were given intervention for 3 months, and the changes of vascular endothelial relaxation 

function and atherosclerosis were compared and analyzed before and after training. Results After training, the systolic blood 

pressure and diastolic blood pressure of the patients were analyzed. and diastolic blood pressure of the two groups decreased 

significantly compared with those before training (P<0.05), and the study group was significantly lower than the traditional 

group (P<0.05). The scores of self-management ability (45.28±3.17 vs 40.10±2.22) in the two groups were significantly higher 

than those before training (31.48±3.18 vs 31.54±2.58); The serum levels of lipoprotein-associated phospholipase 2 (Lp-PLA2) 

and homocysteine (Hcy) in two groups decreased significantly compared with those before training (P<0.05), and the levels of 

serum Lp PLA2 and Hcy in the study group were significantly higher than those in the traditional group (P<0.05). The change 

rate of artery diameter and the change rate of artery diameter of endothelium-dependent vasodilation function in the two 

groups were significantly higher than those before training, and the study group was significantly higher than the traditional 

group (P<0.05). There was no significant difference in carotid intima-media thickness between the two groups after training 

and before training, and there was no significant difference between the study group and the traditional group (P>0.05). 

Conclusion Anti-resistance exercise can improve vascular endothelial relaxation function and atherosclerosis status, inhibit the 

expression of Lp -PLA2 and Hcy, reduce blood pressure continuously, and improve the self-management ability of patients 

with hypertension. 
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Hypertension has no typical clinical symptoms and 

the diagnosis rate is low. It is usually detected during a 
physical examination. However, long-term uncontrolled 
blood pressure can be complicated by a series of serious 
complications, such as hypertensive nephropathy and 
stroke, which increase the mortality and disability of 
patients, seriously impair the quality of life of patients, 
and bring a huge burden on the family and the social 
healthcare[1]. Effective control of blood pressure through 
daily management to reduce the incidence of 
hypertension-related complications is the key to 
improving patient prognosis and reducing healthcare 
costs[2-3]. However, the management of hypertension is 
a long process, and long-term medication and poor 
lifestyle changes make it difficult for some patients to 
adhere to the medication, often leaving the disease 
unchecked, thus triggering cardiovascular and 

cerebrovascular accidents[4]. Rehabilitation training is of 
great significance in the prevention, control and 
management of hypertension, but the actual application is 
mostly based on aerobic exercise such as brisk walking, 
aerobics, cycling, jogging, etc., which has the 
characteristics of non-interruption, strong rhythm, low 
intensity and long time, etc. However, aerobic training 
often fails to improve the muscle strength of patients and 
change the body's internal environment, which is difficult 
to improve the patient's prognosis in a sustained way[5-6]. 
Resistance exercise is an exercise that relies entirely on 
the patient's own strength to overcome a certain external 
resistance, which mainly includes static and dynamic 
exercises, and is the main means to enhance muscle 
strength and endurance, and the resistance can come from 
other people, specialized equipment, themselves, gravity, 
elastic bands, etc.[7]. Abnormal endothelial diastolic 
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function and atherosclerosis are common in hypertensive 
patients, especially in hypertensive patients, there is a 
correlation between carotid intima-media thickness 
(CIMT) and endothelial diastolic function, and 
abnormalities of endothelial diastolic function may be an 
important part of atherosclerotic changes in the 
development of atherosclerosis [8-9]. 
Lipoprotein-associated phospholipase 2 (Lp-PLA2) and 
homocysteine (Hcy) are involved in the development of 
cardiovascular and cerebrovascular diseases [10-12]. 
Resistance exercise can effectively regulate blood 
pressure levels in hypertensive patients, but there are 
fewer studies on the correlation between resistance 
exercise and vascular endothelium and atherosclerosis in 
hypertensive patients. Based on this, the present study 
investigated the effects of resistance exercise on 
self-management ability, endothelial diastolic function 
and atherosclerosis in hypertensive patients, in order to 
clarify the application value of resistance exercise. The 
results of the study are reported as follows. 
 
1 Material and methods 
 
1.1 General information  
 

One hundred and sixty hypertensive patients who 
were treated at the State Pharmaceutical Dongfeng 
General Hospital from December 2019 to January 
2022 were included in the study.  

Inclusion criteria: (1) meeting the diagnostic 
criteria of essential hypertension; (2) aged 20 to 75 
years; (3) living in the community with a fixed 
residence; (4) having complete clinical data; (5) having 
indications of resistance exercise [hypertension not 
reaching the critical level (systolic blood pressure ≧ 

200 mmHg or diastolic blood pressure ≧  125 
mmHg), having normal cognitive function, and having 
no somatic disabilities ]; (6) patients were elementary 
school and above literacy level.   

Exclusion criteria: (1) people with cognitive or 
psychiatric disorders; (2) people with serious other 
diseases or complications that affect exercise 
performance, and people with poor compliance; (3) 
pregnant and lactating women; (4) people with 
secondary hypertension; (5) people who need to stay in 
bed for a long period of time; (6) people with advanced 
vital functions; (7) patients with glomerulonephritis 
and aortic valve closure insufficiency; (8) people with 
malignant tumors; (9) people with a combination of 
other serious diseases; and (10) people with a 
combination of other serious diseases. Those who 
failed to complete the whole study process. All patients 
were informed about the trial and signed an informed 
consent form, and the study was reviewed and 
approved by the Ethics Committee of the hospital 
(LW-2023-036). 

 

1.2 Intervention methods  
 

All patients were given collective health education, 
regular follow-up guidance, curative guidance, dietary 
guidance, etc., and were treated with antihypertensive 
drugs such as angiotensin receptor antagonists, calcium 
antagonists, angiotensin-converting enzyme inhibitors, 
diuretics, and other drugs according to the individual 
conditions of the patients. 

 
1.2.1 Traditional group  
Patients were given conventional aerobic exercise 
training including jogging, tai chi, etc., 30 min/time, 2 
times/day. 
 
1.2.2 Study group  

Resistance exercise training was given on the basis 
of the training of the traditional group, and the specific 
measures were as follows. 

(1) A resistance exercise training group was set up, 
including 2 sports rehabilitation therapists, 4 nursing staff, 
1 chief physician, and 2 community nurses. Prior training 
was given to the members of the group, so as to enable 
the members of the group to master the essentials of the 
resistance exercise and precautions when exercising. 

(2) Resistance exercise using elastic band resistance 
upper limb exercise method, specific training time was 
9:00 a.m. to 11:00 a.m. Each exercise would be 
conducted 8-16 times as a group, with an interval of 
30-40 seconds between each exercise, every 1-2 days 
once, 3 times a week.  

(3) Standing straight arm chest expansion: this 
exercise targets the latissimus dorsi and other back 
muscles. The patient should stand upright, feet 
shoulder-width apart, head up, and chest out. Each hand 
holds one end of an elastic band. While inhaling, lift both 
arms forward and then laterally to shoulder level, with 
fists facing outward, achieving a chest expansion pose. 
Pause briefly, then exhale and return to the starting 
position. 

(4) elastic band boxing: this exercise strengthens the 
upper limb muscles. The patient uses an elastic band, 
placing it behind their back and threading it through the 
left armpit to the left hand. The right hand holds the band 
at the starting position, keeping the upper body straight. 
The left hand, gripping the other end of the band, makes a 
forward punching movement, while the right hand 
remains stationary for 30 seconds. Repeat the action with 
the right hand. 

(5) Upright arm bending: this exercise targets the 
biceps. The patient stands with one foot in the middle of 
the elastic band, feet parallel and shoulder-width apart, 
hands naturally at the sides holding the band. Inhale and 
bend the elbow to lift the band, then exhale and return to 
the starting position.  

(6) Standing shoulder external rotation: this exercise 
focuses on the internal and external oblique muscles. The 
patient stands upright, feet shoulder-width apart, with the 
elastic band fixed to the upper edge of a crossbar. With 
elbows bent and positioned in front of the chest, both 
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hands pull the band to rotate the shoulders outward to 
their maximum extent, then return to the starting position.  

Both groups of patients underwent this training 
regimen for three months. After the training period ended, 
patients continued with their regular oral antihypertensive 
drugs. 

 
1.3 Observation indicators 
 
1.3.1 Levels of Lp-PLA2, Hcy   

All patients got 2-3 mL of venous blood drawn 
before and after training, centrifuge at low temperature 
and separate the upper serum layer, and use enzyme 
immunoassay to detect serum levels of Lp-PLA2 and 
Hcy. 

 
1.3.2 Blood pressure  

The patients' systolic and diastolic blood pressures 
were measured and recorded before and after training 
using an electronic sphygmomanometer, and the blood 
pressure was taken as the average of three consecutive 
measurements. 

 
1.3.3 Self-management behavior scale  

The self-management behavior scale was used 
before and after the training to assess the patients' 
self-management ability, including dimensions such as 
dietary intake, cognitive symptom management, 
endurance exercise, doctor-patient communication, 
physical exercise, etc., with a total score of 50 points, 
with the higher scores indicating better self-management 
behaviors, and with scale reliabilities of more than 
0.85[4]. 

 
1.3.4 Vascular endothelial diastolic function  

Endothelium-dependent diastolic function of the 
patients was determined by ultrasound before and after 
the training, and the selected indexes included the rate of 
change of arterial internal diameter, the rate of change in 
arterial internal diameter of the 
non-endothelium-dependent vasodilator function, which 
can reflect the endothelium-dependent vasodilatory 
function mediated by blood flow, and the ultrasound 
equipment was purchased from SIEMENS (721PP). 

 
1.3.5 Atherosclerosis  

The carotid intima-media thickness of the patients 

was also measured by ultrasound before and after the 
training, and the left and right carotid arteries were 
measured three times each, and the average value was 
taken as the final value.  

All of the above measurements are strictly quality 
control management, indoor and inter-room quality 
control in the determination of various indicators, the 
investigation to ensure that the investigation of the 
validity of the survey is 100.0%. 

 
1.4 Statistical methods  
 

All data were analyzed using SPSS 24.00 software, 
and count data were expressed as %. Comparisons 
between groups were made using the chi-square test. 
Measurement data that conformed to a normal 
distribution was expressed as x ±s , and independent 
samples t test was used for comparison between groups, 
and paired t test was used for pre- and post-training 
comparisons. Multiple time point comparisons should be 
analyzed using repeated measures ANOVA. P<0.05 was 
considered a statistically significant difference. 
 
2 Results 
 
2.1 Comparison of general information  
 
The patients included in the study were divided into 80 
cases in the study group and 80 cases in the traditional 
group by using the method of randomized numerical 
tables.General information such as age, gender and years 
of education were compared between the two groups and 
the differences were not statistically significant (P>0.05). 
[Table 1]  
 
2.2 Comparison of systolic blood pressure and 
diastolic blood pressure before and after training  
 
The systolic blood pressure and diastolic blood pressure 
of the two groups of patients after training decreased 
significantly compared with that before training (P<0.05), 
and the study group was significantly lower than the 
traditional group (P<0.05). [Table 2] 

 
 

Tab.1 Comparison of general information between two groups (n=80, x ±s) 

Groups 
Years of 

education (years) 
Body mass index 

(kg/m2 ) 
Duration of 

illness (months) 
Gender 

(male/female, case) 
Age (years) 

State of an illness 
(Stage 1/ 2/ 3, case) 

Study group 16.25±1.59 22.82±1.46 9.17±0.15 43/37 54.19±2.84 33/37/10 
Traditional group 16.33±1.22 22.87±1.22 9.22±0.24 42/38 54.67±3.18 35/36/9 
χ2 /t value 0.111 0.142 0.132 0.025 0.452 0.125 
P value 0.904 0.862 0.878 0.874 0.614 0.939 

Note: BMI is the body mass index; a means the patients is divided into stage 1, stage 2, and stage 3 according to the reference [12]. 
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2.3 Comparison of self-management behavior scale 
between the two groups of patients before and after 
training  
 

The self-management behavior scores of the 
two groups after training were significantly higher 
compared with those before training, and the study 
group was significantly higher than that of the 
traditional group (P<0.05). [Table 3] 

 
 

2.4 Comparison of serum Lp-PLA2 and Hcy levels 
before and after training  
 
 

The serum Lp-PLA2 and Hcy levels of the two 
groups of patients decreased significantly after training 
compared with before, and the study group was 
significantly lower than that of the traditional group 
(P<0.05). [Table 4] 

 
 

Tab.2 Comparison of changes in systolic and diastolic blood 
pressure between two groups before and after training (n=80, 

mmHg, x ±s) 

Note: compared with the pre-training of the same group;a P<0.05; compared 
with the post-training of the traditional group, b P<0.05. 

 
Tab.3 Comparison of self-management ability scores between 

two groups before and after training (n=80, x ±s) 

Groups Pre-training Post-training 

Study group 31.48±3.18 45.28±3.17ab 
Traditional group 31.54±2.58 40.10±2.22a 

t value 0.131 11.972 
P value 0.896 <0.001 

Note: compared with the pre-training of the same group, a P<0.05; compared 
with the post-training of the traditional group, b P<0.05. 

 

 

Tab.4 Comparison of serum Lp-PLA2 and Hcy levels between two groups before and after training (n=80, x ±s) 

Groups 
Lp-PLA2 (μg/L) Hcy (μmol/L) 

Pre-training Post-training Pre-training Post-training 
Study group 313.26±24.68 165.20±18.48ab 18.37±1.11 7.19±0.13ab 
Traditional group 313.09±25.09 223.09±20.17a 18.27±0.82 13.20±1.74a 

t value 0.043 18.928 0.648 30.808 
P value 0.966 <0.001 0.518 <0.001 

Note: compared with pre-training, a P<0.05; compared with traditional group after training, b P<0.05. 

 
2.5 Comparison of vascular endothelial diastolic 
function before and after training  

 
The rate of change in arterial internal diameter and the 
rate of change in arterial internal diameter of 
non-endothelium-dependent vascular diastolic function of 
the two groups of patients after training were significantly 
higher compared with that before training, and the study 
group was significantly higher than the traditional group 
(P<0.05). [Table 5] 
 
2.6 Comparison of carotid artery intima-media 
thickness before and after training of the two groups  
 

There was no significant difference between the 
carotid intima-media thickness of the two groups of 
patients after training compared with that before training, 
and there was no significant difference between the study 
group and the traditional group (P>0.05). [Table 6] 

 
 
 
 

 
Tab.5 Comparison of vascular endothelial diastolic function 

between two groups before and after training (n=80, %, x ±s) 

Groups 

Rate of change in arterial 
internal diameter 

Rate of change in arterial 
internal diameter of 

non-endothelium-dependent 
vascular diastolic function 

Pre-training Post-training Pre-training Post-training 

Study group 7.89±0.46 11.38±0.85ab 11.47±2.16 15.35±1.46ab 
Traditional 

group 
7.84±0.41 9.17±0.47a 11.98±1.45 13.29±1.00a 

t value 0.726 20.351 1.753 10.412 
P value 0.469 <0.001 0.082 <0.001 

Note: compared with pre-training, a P<0.05; compared with traditional group 
after training, b P<0.05. 

 
Tab.6 Comparison of carotid intima-media thickness between 

two groups before and after training (mm, x  ±s) 

Groups Case Pre-training Post-training 

Study group 80 1.34±0.24 1.30±0.11 
Traditional group 80 1.33±0.18 1.32±0.18 

t value  0.298 0.848 
P value  0.766 0.398 

3 Discussion 
 
The prevention and treatment of hypertension is a 

critical research area in cardiovascular medicine and 

poses a significant challenge due to the aging population. 
Currently, the prevalence of hypertension in our country 
is the highest worldwide, and its prevention and treatment 
need to be solved urgently[14-15]. In terms of 

Groups 
Systolic blood pressure Diastolic blood pressure 

Pre-training Post-training Pre-training Post-training 
Study group 154.22±4.85 124.59±10.78ab 98.28±3.38 72.57±3.18ab 
Traditional group 154.09±9.18 134.09±11.15a 98.43±3.34 78.47±4.68a 
t value 0.118 5.479 0.294 9.327 
P value 0.819 <0.001 0.712 <0.001 



                                           Chin J Clin Res, June 2024, Vol.37, No.6 
fundamentals, the management of hypertensive patients in 
the past was based on group training management and 
lacked individualized training management. Conventional 
aerobic exercise has some efficacy in reducing patients' 
recent blood pressure, but the blood pressure lowering 
effect is often difficult to maintain[16]. In this study, 
resistance training was given to patients, and the results 
showed that resistance training could effectively reduce 
patients' blood pressure and improve their 
self-management ability. Compared with aerobic exercise, 
the heart rate response caused by resistance exercise is 
lower, and it has good application safety. However, 
resistance exercise needs to be targeted in practical 
application, and the exercise intensity is the key to 
evaluating the quantification and scientificization of the 
exercise program, which ensures the effectiveness of the 
exercise intensity as well as the safety of the 
exercise[17-18]. This study uses elastic bands to train 
patients, simple and easy to implement, not only to ensure 
the operability of the exercise, but also at the same time 
for different patients, through a variety of forms of 
resistance exercise educational activities, to improve the 
health awareness of the patients, to strengthen the 
effective supervision of the patients' resistance exercise, 
to improve the effectiveness of the patients' resistance 
exercise[19-20]. 

Primary hypertension is a complex disease with 
multifactorial effects, and atherosclerosis plays a 
dominant role in the pathogenesis of primary 
hypertension. Lp-PLA2 belongs to the phospholipid 
family of isoforms, with a relative molecular mass of 
about 4.54×104, containing 441 amino acids, and is 
secreted and synthesized by macrophages and 
lymphocytes, and is capable of hydrolyzing oxidized 
lecithin on low-density lipoproteins, and can also be 
bound to LDL, thus dynamically reflecting the degree of 
intravascular inflammation, and is a diagnostic and 
predictive indicator of high sensitivity and specificity. It 
can also bind to LDL, thus dynamically reflecting the 
degree of intravascular inflammation, and is a diagnostic 
and predictive indicator of atherosclerosis with high 
sensitivity and specificity[21-22]. Hcy is an important 
intermediate product in the metabolism of methionine, 
and is also a cytotoxic sulfur-containing amino acid, and 
when the metabolic pathway of Hcy is impeded in vivo, it 
can make the serum level of Hcy rise, causing chronic 
pathological damage and triggering the onset of 
hypertension[23]. In this study, we showed that Lp-PLA2 
and Hcy levels decreased after resistance training, 
suggesting that resistance exercise may inhibit Lp-PLA2 
and Hcy expression in hypertensive patients. Resistance 
exercise can increase the level of high-density lipoprotein 
and promote blood circulation, thus regulating and 
improving lipid metabolism of patients, effectively 
lowering the level of blood lipids in patients, thus 
down-regulating the expression of Lp-PLA2 and Hcy, and 
promoting the recovery of patients and improving the 
prognosis of patients[24]. Resistance exercise training can 
increase vascular compliance in young normotensive 
subjects, increase vascular compliance in healthy men, 

and can slow or reduce the progression of atherosclerosis 
associated with aging. 

In addition to elevated blood pressure and 
atherosclerosis, patients with hypertension often have 
different degrees of endothelial dysfunction such as 
decreased endothelial function and changes in the 
structure of the vascular wall, especially vasospastic 
contraction of the body can cause vascular endothelial 
cell ischemia and hypoxia, which can further exacerbate 
the damage of endothelial cells, triggering weakening 
endothelium-dependent diastolic response[25-26]. Studies 
have shown that abnormal endothelial diastolic function 
is one of the main mechanisms and pathogenic links in 
the formation of hypertension, and has the effect of 
promoting the proliferation of vascular smooth muscle 
cells, which may be an important impact factor leading to 
hypertensive carotid artery intima-media thickness[27-28]. 
The results of this study showed that the carotid 
intima-media thickness was significantly reduced after 
resistance training, indicating that resistance exercise can 
improve the endothelial diastolic function and 
atherosclerosis in hypertensive patients. Resistance 
exercise can improve cardiopulmonary function, improve 
and increase muscle strength and cardiac function, 
increase basal metabolism, help patients to achieve a 
good level of physical fitness, improve vascular 
endothelial diastolic function and atherosclerosis, 
improve immune function, and play a sustained 
antihypertensive effect[29-30]. Resistance exercise helps 
to increase muscle mass, contributes to the synthesis and 
secretion of muscle factors in skeletal muscle, maintains 
the body's own ability of movement, balance and strength, 
can promote the exchange of substances between the liver 
and other organs or cells, and reduces the development of 
chronic diseases. In addition, this study also compared the 
carotid artery intima-media thickness before and after 
training of the two groups, but did not find any difference 
between the two groups before and after training, and the 
carotid artery intima-media thickness did not appear to be 
significantly reduced after training of the two groups, 
probably due to the fact that atherosclerosis is a slower 
process, and long-term studies are required to observe 
more significant changes. 

In conclusion, resistance exercise can improve the 
vascular endothelial diastolic function and atherosclerosis 
of hypertensive patients, inhibit the expression of 
Lp-PLA2 and Hcy, play a sustained antihypertensive 
efficacy, and improve the self-management ability of 
patients. However, due to economic pressure, the number 
of cases included in this study is relatively small, which 
makes the study have limitations and lack of long-term 
efficacy analysis, which will be further explored and 
analyzed in the follow-up study, in order to improve new 
ideas and methods for the prevention and treatment of 
clinical hypertension. 
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\6-0Ỳ9XV \̀W1YW.[W\6Y0W.Y[)E* DV0. EFV [̀MW8 LWV6Z07" )%)$"

('%A&! @%@

=

@$$?

)A*>OW9DH" N;HH" M61[V677CG" WY67?LW76]0. 1W8T-W[W.89YVW70T54

8W10_W8 _6[9-9.[Y10-Y09. 0. V \̀W1YW.[09.! LW_W670.;.W:YVW16\WTY0-

0.[0;VY[)E*?P1EFV6156-97" )%)%" $@@%$&! )$@

=

)''?

)**>O0T MO" m0.;CE" O06.;me" WY67?LW_W1[679XV \̀9]0-\T759.61̀

V \̀W1YW.[09. Z V̀ \̀9]0640.8T-0Z7W9_W1W]\1W[[09. 9X6.;09YW.[0.4%$4

@& 0. \T759.61̀W.89YVW7067-W77[)E*?M97KVW1MWYV98[D70. !W_"

)%)%" $@! *@B

=

*AB?
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