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Abstract

The purpose of this study was to investigate the effect of 8-week rehabilitation exercise on active vascular 
health and ultimately propose an effective rehabilitation program applying various stretching methods. The 
research targets were females who visited hospital due to chronic diseases or metabolic syndrome; and 
were divided into two groups, participants of rehabilitation exercises, and non-participants of rehabilitation 
exercises. 10 people were included in each group. The subjects were restricted to participate in other 
exercise programs during the exercise period. The 8-week exercise program was designed to measure the 
ankle brachial index (ABI) and the cardio-ankle vascular index (CAVI) using active stretching and passive 
stretching. In the data processing, descriptive statistics were presented for each measurement item and a 
2-way RGRM ANOVA was conducted to examine the interaction effects between groups. The results have 
shown significant interaction effects in ankle brachial index (ABI) and the cardio-ankle vascular index 
(CAVI). Therefore, the eight-week rehabilitation campaign has shown to have a positive effect on vascular 
health and is believed to be an effective preventive measure to reduce the incidence and risk of cardiovascular 
disease. Also, this rehabilitation program is thought to help prevent cardiovascular disease if it is provided to 
more elderly people since which does not require special places or specialized equipment.
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Introduction

According to the report published by National 
Statistical Office (NSO) in 2014, the main cause of 
death in elderly women (over 65) was circulatory system 
diseases1. When compared to the fact that the main 
cause of death of men is cancer, it seems obvious that 
the women in their 60s or 70s have more relation with 
circulatory diseases than men. Cardiovascular disease 
is the most frequent manifestation of cardiovascular 
disease, and 80% of the causes are thought to be arterial 
dysfunction. It is considered as an element which brings 
high risk of death2. 

This change in cardiovascular aging is due to the 
loss of elasticity and stiffness of the pulsatile arteries, 
resulting in a loss of blood vessel expansion and a burden 
on the heart. It therefore causes cardiac hypertrophy and 
cardiac function, resulting in reduced cardiac output 
– which ultimately skyrockets the probability of heart 
function failure3.

The decrease of the arterial compliance- which is 
- The increase of arterial stiffness interferes with blood 
pressure or blood flow - can increase blood pressure, 
bring left ventricular hypertrophy, cause ischemic 
disease in the coronary artery, and decrease arterial 
baroreflex sensitivity4.

Various methods such as medication therapy, 
diet control, and exercise are being explored to 
alleviate arteriosclerosis and maintain proper arterial 
rigidity(Cardio Ankle Vascular Index, CAVI) and angle 
brachial index (ABI).

Since exercise (body activity) is considered as a 
means of minimizing physiological disorders caused 
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by aging and preventing chronic diseases or disorders, 
it is also thought as a method which efforts to increase 
expectations of positive life to achieve successful aging5. 
Exercise for the treatment and prevention of diseases is 
called therapeutic exercise or rehabilitative exercise6, 
and is constantly emerging as a countermeasure against 
diseases and injuries in the elder. Plus, the rehabilitative 
exercise which was conducted in conjunction with 
medical teams for injury or disease treatment has also 
proved and demonstrated its efficiency as well7. In 
this context, exercise rehabilitation programs for the 
elderly can reduce stress by improving physical health, 
giving confidence in physical strength and providing an 
opportunity to enjoy life by enhancing social activities 
and cooperation. Research in developed countries has 
shown that sports activities can effectively prevent 
problems and reduce diseases among older people, and 
aerobics, swimming, jogging and other sports activities 
can effectively relieve stress in the general public8.

Stretching, which is part of the dual rehabilitation 
exercise program, is a temple exercise that expands 
muscles, tendons, ligaments, and around joints. It not 
only improves the range of operation of joints and posture 
imbalance, but also prevents musculoskeletal damage, 
and is also effective in balancing the pelvis by relaxing 
the tense muscles around the pelvis and spine9. Stretching 
exercises are also simple to perform, by expanding and 
contracting muscles, and can be performed anywhere, 

reducing muscle and musculoskeletal adhesion as well 
as increasing joint flexibility and blood circulation10. 
Stretching exercise is one of the therapeutic interventions 
to improve the operability of connective tissue, such as 
muscles, and to increase the range of joint operation. 
Depending on how the exercise is performed, there are 
passive or active methods, but regardless of the method 
of stretching exercise performed, the most important 
thing is to relax the contracted muscles and increase the 
connective tissues’ flexibility as much as possible11.

The purpose of this study was to investigate the 
effect of 8-week rehabilitation exercise on the vascular 
health of active elderly women with active stretching 
and passive stretching, and to propose an effective 
rehabilitation exercise program for stretching.

Materials snd Method

Subject of Study: This study was conducted with 
the consent of participating in rehabilitation exercise 
for women who visited the hospital due to metabolic 
syndrome and chronic diseases. The subjects were 
10 rehabilitation exercise group(RG) and 10 non - 
participation group(CG) and they were restricted to 
participate in other exercise programs during the exercise 
period. Other daily activities were instructed to live the 
same as before the experiment, and explained that if you 
feel any abnormality during the experiment, you can 
withdraw from this experiment immediately<Table 1>.

Table 1: Physical Characteristic of Subjects (M ± SD)

Group N Age (yr) Height (cm) Weight (kg) Fat (%)
RG 10 69.33 ± 2.54 153.42 ± 3.51 62.13 ± 4.29 29.12 ± 4.03
CG 10 70.20 ± 2.06 154.17 ± 2.76 62.97 ± 4.23 29.30 ± 3.70

Exercise Program: The exercise program of this study 
was applied in parallel with active stretching and passive 
stretching. Stretching can help relieve pain in the long 
term through orthodontic correction and extension, and 
can improve physical activity by improving the range 
of motion of the joints. First, active stretching was 
performed in a way that the subject could proceed alone 
while watching the leader, and passive stretching was 
performed by artificially stretching the range of motion 
of the subject’s joint by the assistant. The exercise 
program consisted of 30 minutes of active stretching for 
30 minutes and passive stretching for 60 minutes, three 
times a week for 8 weeks. Specific exercise programs 
are shown in <Table 2>.

Table 2: Exercise Program

Division Intensity Main Stretching

Periods
(8week)

RPE
(Borg 
scale)
 <=11

Cervical rolling, cervical joint 
release, cervical trapezius 

stretching, cervical side bending 
stretching, cervical rotation, 
erector spinae stretching, 

mobilization, traction modify, 
scapula medial STR, scapula 
dislocation, shoulder full 
extension, trunk rotation 

stretching, thoracic mobilization, 
hamstring stretching, hip joint 
traction stretching, quadriceps 
stretching, psoas stretching
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Measurement Method and Equipment: The vascular 
health according to the rehabilitation exercise was 
measured before and 8 weeks after exercise program 
using Vascular Screening Device (VeSera VS-2000, 
Japan). The measurement items were 4 diastolic blood 
pressure (both arms and legs), atherosclerosis (CABI), 
and arterial stenosis (ABI).

Data Analysis: The data analysis of this study presented 
descriptive statistics for each measurement item and 
2-way RGRM ANOVA was performed to examine the 
interaction effect between groups. The significance level 
was analyzed based on a = .05.

Result

Cardio Ankle Vascular Index (CAVI): After an 8-week 
rehabilitation exercise with RG and CG, ANOVA 
showed that R-CAVI had an interaction effect(p=.035) 
between the two groups. Also, L-CAVI was also found 
to have interactive effects(p=.04)<Table 3>.

Ankle Brachial Index (ABI): After an 8-week 
rehabilitation exercise with RG and CG, ANOVA 
showed that R-ABI had an interaction effect(p=.045) 
between the two groups. Also, L-ABI was also found to 
have interactive effects(p=.049) <Table 4>.

Table 3: CAVI ANOVA

Factor Group Pre Post P

R-CAVI
RG 10.10 ± 1.01 9.20 ± 1.03 Group*period: .035

Group: .547, Period: .02CG 9.89 ± .98 9.99 ± 1.10

L-CAVI
RG 9.28 ± .89 8.92 ± 1.02 Group*period: .04

Group: .486, Period: .035CG 9.45 ± .94 9.55 ± .88

Table 4: ABI ANOVA

Factor Group Pre Post P

R-ABI
RG 1.75 ± .13 1.25 ± .11 Group*period: .045

Group: .423, Period: .024CG 1.98 ± .50 1.99 ± .64

L-ABI
RG 1.48 ± .15 1.02 ± .13 Group*period: .049

Group: .436, Period: .027CG 1.42 ± .21 1.52 ± .32

Discussion

The purpose of this study was to compare and 
analyze the differences of vascular health changes 
through the 8 - week rehabilitation exercise program 
which included active stretching and passive stretching 
in the elderly women who visited the hospital due to 
metabolic syndrome and chronic diseases. The results of 
this study are as follows.

The Cardio ankle vascular index(CAVI) is an index 
that reflects the loss of elasticity of the arterial blood 
vessels and is an independent predictor of the incidence 
and mortality of cardiovascular disease12. The central 
aorta is more easily stiffened by aging, menopause, 
smoking, metabolic syndrome, and lack of exercise due 
to lower percentage of muscles and a high proportion 
of elastic fibers13. Increased CAVI can lead to elevated 
central blood pressure, and can result in increased 
cardiovascular risk by overloading the left ventricle14. 

ABI is an indicator of atherosclerotic change and is used 
to diagnose peripheral arterial diseases15. It also can be 
used to assess blood flow to the ankles and play a role as 
a marker for vascular diseases16.

In a previous study on vascular health changes 
through exercise in the elderly, Madden et al17 conducted 
a three-month median-high-intensity aerobic exercise 
on hypertensive elderly people. The results showed 
that it decreased the pulse wave velocity of radius and 
aorta femoralis. Miura et al18 reported that at least two 
times of exercise can give positive effect on improving 
arterial stiffness. A study by Jung et al19 found that 12 
weeks of physical dance movements for senior citizens 
had a positive effect on improving arterial hardness and 
vascular function. According to study of Thetiwuthikiat 
et al20, there was no change in ABI after eight-week 
of arm-swinging exercise were conducted on men and 
women over the age of 50, while there was a significant  
decrease in cardio-ankle vascular index(CAVI). 
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However, it is necessary to conduct further studies about 
long-term results of arm-swings exercise to improve 
arteriosclerosis. 

Regarding the previous studies about the change 
in vascular health through stretching exercises, Logan 
et al21 reported that a 30-minute video demo of full-
body stretching exercises in healthy women resulted in 
a decrease in carotid-femoral pulse wave velocity(cf-
PWV). Also, Hota et al22 suggested that stretching 
exercises in patients with acute myocardial infarction 
could significantly increase the reactive hyperemia 
peripheral arterial tonometry(RH-PAT) and improve 
intravascular function and peripheral circulation. The 
study by Nishiwaki et al23 showed that the four-week 
of stretching exercises in middle-aged men resulted in a 
decrease in both brachial-ankle pulse wave velocity(ba-
PWV) and CAVI. However, according to Wong & 
Figueroa24, eight-weeks of stretching exercises in obese 
women after menopause did not show changes of 
arteriosclerosis. These contrasting studies could have 
excuse for the fact that vascular adaptation by stretching 
can vary depending on the characteristics of participants 
such as age, gender, history, type of exercise program, 
intensity, duration, frequency, and momentum 23.

In this study, eight-week of rehabilitation program 
using active –passive stretching exercise resulted in 
reduction of the degree of arterial rigidity and arterial 
stenosis, with statistically significant differences. It 
would be attributed to the improvement in the functional 
ability of vasodilation and also vascular epithelial cell 
itself by supporting endothelial progenitor cells involved 
in the hormone secretion and inflammatory response, 
owing to the stretching exercises 25. 

Therefore, it is supposed that rehabilitation program 
using active –passive stretching exercise is the way to 
not only reduce but also prevent the incidence of aging-
induced cardiovascular diseases by improving vascular 
function. However, further additional studies with larger 
subjects, various physiological factors, and various 
stretching exercise programs should be performed to 
establish a clear effectiveness.

Conclusion

The purpose of this study was to investigate the 
effect of rehabilitation exercise on vascular health for 8 
weeks. The rehabilitation exercise group and the control 
group were divided into two groups.

After the rehabilitation exercise group and the 
control group applied the rehabilitation exercise for 8 
weeks, the R-CAVI showed an interaction effect between 
the two groups. Also, L-CAVI was also found to have 
interactive effects.

After the rehabilitation exercise, R-ABI showed an 
interaction effect between the two groups. In addition, 
L-ABI also has an interaction effect.

And a statistically significant decrease in arterial 
stiffness and stenosis after the rehabilitation exercise. 
In addition, aerobic exercise is recommended as a 
method of reducing arteriosclerosis, but stretching based 
on rehabilitation exercise in this study also showed a 
significant effect on decrease of atherosclerosis.

In the follow-up study, it is necessary to increase the 
number of subjects to be interested in the validity of the 
study. In addition, it is thought that various approaches 
are needed to further refine the program, intensity, time, 
and frequency of rehabilitation exercise.
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