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ABSTRACT 

Objective: 1) to investigate the effects of exercise training with interactive video games, on 
psychomotor and physiological responses in elderly. 2) to compare the physiological effects in older people 
with high blood pressure in the control group (CG), and training group. 

Method: Thirty elderly female with 68.4 ± 6.3 years were participated in this study. They were divided 
into two groups: training (TG) and control (CG) groups. The TG were trained by interactive video games (30 
min, 3 days per week for 8 weeks) and the CG was provided with normal activity for 8 weeks. Ankle brachial 
pressure index (ABPI),resting heart rate, tapping speed testing ,percentage of fat (%FAT) ,hip circumference 
,waist circumference, hand grip strength, six minute walk test (6MWT) were measured 3 times, at the 
baseline, 4th and 8th weeks, respectively. One-way repeated ANOVA and paired t-test were used to analyze. 
Significantly differences were considered at the p < 0.05 level. 

Results: There were no significant change in the hip circumference, waist circumference, grip 
strength, ABPI, heart rate at rest and finger tapping test the right and left index fingers. The results showed 
significantly decreased in body weight, percentage of fat and BMI. After training for 8 weeks six minute walk 
test (6MWT) increased in training group and after training with interactive video game ABPI, muscle strength, 
systolic, diastolic blood pressure did not change. 

Conclusion: The body composition, six minute walk test (6MWT) increased in training group. No 
difference in body composition and tapping speed testing was found. Moreover, interactive video game 
exercise training relate to quality of life. Interactive video game to help the elderly and the cardiovascular by 
six minute walk test changes body weight reduced but no effect on psychomotor. 

 
(Journal of Sports Science and Technology 2014;14(2): 75-89 ) 
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INTRODUCTION 
According to National Statistical Office of Thailand (NSOT), the number and proportion of the 

elderly population has been increasing. The number of elderly people aged over 60 years old and above 
were 6.8 percent of the total population and increased to 9.4 percent and  10.7  percent in 1994 and 2003, 
respectively (1). As a person gets older, many systems of the body, such as musculoskeletal, neurological 
and cardiopulmonary systems change are deteriorate. These are the main causes that make the elderly 
having risk of health problems and often limit their capacity to fulfill functional activities of daily living and 
decreased quality of life (2). From aging process,  many reports showed that the elderly has declined in the 
structure of the body including posture, and physiological changes such as the circulatory system, respiratory 
system, kidneys, endocrine system, transmission of the nervous system and the nervous of light to eyes other 
senses organs (3). 

Hypertension was defined as systolic blood pressure ≥140 mmHg or diastolic blood pressure 
≥ 90 mm Hg or self-reported use of hypertension medications. (4).Hypertension is a major public health 
problem (National Institute for Clinical Excellence (NICE) 2004; World Health Organisation, 2002; World Health 
Organization and International Society of Hypertension Writing Group, 2003) and a major risk factor for 
cerebrovascular and ischaemic heart diseases (5).  

The principle of ABPI determination is to obtain a systolic blood pressure reading at the brachial 
artery of the right and left arms and at the right and left ankles. At the ankles, either or both the dorsalis pedis 
and tibialis posterior artery is used. The perforating peroneal artery is sometimes used when a signal is not 
detected from the dorsalis pedis artery.Current practice advocates that the systolic ankle reading is then 
divided by the brachial reading to give the ABPI. There are problems with this formula though because the 
ABPI can be obtained using different methods/equations as well as different cut-off values indicating the 
presence of peripheral artery disease (PAD). (6) Systolic pressure was measured on the right brachial artery 
and in both posterior tibial arteries. The ABPI was calculated for each leg and was defined as posterior tibial 
systolic pressure divided by brachial systolic pressure. Three ABPI groups were defined: low (ABPI<0.90), 
normal (0.90 ≤ABPI ≤ 1.40), and high (ABPI > 1.40). (7) If both ABPI measures were in the same category 
(low, normal, or high), then the APBI farthest from 1.0 was used. (4) A high ABPI (greater than 1.30) is also 
associated with increased CV risk. (8) 

Physical activity that promotes health and prevents diseases is recommended to all adult age 
50 years up.  Exercise in elderly people can improve maximal and submaximal aerobic capacities, augment 
cardiac output and reduce resting heart rate and blood pressure.(9) While the American College of Sports 
Medicine (ACSM) recommends that elderly people should accumulate 30 minutes or more of moderate-
intensity physical activity for 5 days/week and vigorous-intensity physical activity for 3 day/week.(10) The 
Nintendo Wii is a recently released gaming system that features a motion sensing remote controller. The 
controller responds to a player’s body movements and players can participate in games by interacting with 
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on-screen environments and objects using their own body movements. The Wii offers multiple interactive 
games, which provide players with more choice and opportunity to select games according to their 
preferences. Wii Fit Plus is one of the Nintendo Wii games that is played using a special Wii balance board in 
order to perform activities like yoga, jogging and aerobics.(11) Saposnik G. et al 2010(12) have studied about 
effectiveness of virtual reality by using Wii game technology in stroke patients for rehabilitation. The result 
showed that in training group by Nintendo Wii was significant improvement in motor function and virtual reality 
gaming was safe, feasible and potentially effective options to assisted rehabilitation therapy. (13) New 
research showed that exergames have significant benefits for older adults by providing cognitive stimulation 
and a source of social interaction, exercise, and fun (Science Daily, 2012.)(14). The research on exergames 
has confirm their significant contribution in increasing the participation of individuals in exercise programs 
(Chin et al., 2008; Patsi et al., 2011). (15) 

In the studies of effects of interactive video game in adults it was found that energy 
expenditures during playing interactive video game were sufficient for the daily amount of exercise according 
to the guidelines from ACSM and the American Heart Association (AHA) (16). The oxygen consumption and 
heart rate after playing interactive video game such as Wii sports boxing increased significantly when 
compared with those of the treadmill walking (17). 

Lamoth et al., 2012 reported that the combinations of active video gaming and exercise 
(exergaming) could improve elderly people’s balance, and decreased the risk of fall. Exergaming has been 
shown to increase motivation during exercise therapy (17), such as Novel, 2006 used the interactive video 
games for rehabilitation therapy to improve physical fitness in healthy populations while Kho et.al ,2012(18) 
reported that the video game activities could improve the motor learning, cardiovascular, musculoskeletal, 
and balance systems.(19) 

Many research have focused on the physiological responses of a video game or interactive play 
in children and adolescents, but a few studies in elderly. This study is to investigate the effects of long term 
exercise training using the interactive video games on psychomotor, physiological responses in the elderly 
with hypertension. 
 
METHODS 
Participants 

Thirty elderly people with age range 60-75 years old from Baan-Salawan Hospital ( Salaya, Nakhon 
Pathom ) participated in this study. All participants will be screened and excluded using a specific-modified 
questionnaire. The plan of research was approved by, Mahidol Ethical committee for Human Research The 
anthropomorphic parametric such as age, weight, height and BMI were measured. They were divided into two 
groups as follows. Group 1: Control group (CG, n = 15), Group 2: Training group (TG; n = 15) 
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 Inclusion criteria : females with aged range 60-75 years old. Blood pressure was not greater than 
140/80 mm Hg. After a blood pressure medication to lower blood pressure. 
 

Procedure 
In TG group, participants trained by using the interactive game for 30 minutes, 3 days/week for 8 weeks and 
divided the intensity of training into 2 phases as follows. 
 1. Phase 1 (0th – 4th wk.): the intensity of exercise training is 55% maximum heart rate.  
 2. Phase 2 (5th – 8th wk.): the intensity of exercise training is 65% maximum heart rate. 
 Prior to participation, each subject will be clearly explained about the purpose, the experimental 
process, the benefit and possible risks in this study. Physical activity questionnaires will be used to assess a 
physical examination and exercise activity. This information will be recorded and kept confidentially. Warm up 
and training durations are 10 minutes and 20 minutes, respectively. The ABPI index is calculated through 
measuring the maximum systolic pressure at the ankle of dorsalis pedis artery then divided by the systolic 
pressure of the brachial artery. The ABPI was calculated for each leg and was defined as posterior tibial 
systolic pressure divided by brachial systolic pressure. Three ABPI groups were defined: low (ABPI<0.90), 
normal (0.90 ≤ABPI ≤ 1.40), and high (ABPI > 1.40). The tapping speed testing was using a dominator The 
participants are instructed to tap the denominator as fast as possible for 10 seconds. Three repetitions are 
determined for the right index finger (RI), left index finger (LI), right big toe (RBT), and left big toe (LBT). The 
tapping speed test recorded maximum tapping speed and the average of three sessions of tapping for 10 
seconds. The six-minute walk test is used as a tool to evaluate the functional exercise level of patients with 
moderate to severe heart or lung disease. The walk is done on a flat surface with a staff member measuring 
the distance walked. The subject walked at his own pace as far as he can in a six-minute period. The 
distance walk and any symptoms or pain were recorded. The blood pressure, pulse rate and oxygen 
saturation were be measured before and after the walk. 
 

RESULTS 
1. Physical characteristics 

Subjects in this study were divided into two groups. One was control group. (CG, n = 15) and the 
other was training group (TG, n = 15). Descriptive characteristics of subjects were presented in Table 1 as 
mean and standard deviation (SD) in age, weight, height, hip and waist circumference, resting HR, resting 
systolic blood pressure, resting diastolic blood pressure, body composition (% fat, BMI). Thirty people were 
recruited to participate in this study with age between 64-79 years. There were no significantly differences 
between 2 groups. 
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Table 1 Physical characteristics of the subjects. Data were mean ± SD 
Physical characteristics C group (n=15) T group (n=15) p-value 

Mean SD mean SD 
Age (year) 68.40 5.33 69.60 5.06 0.585 
Height (cm) 151.0 5.0 150.0 4.0 0.346 
Weight (kg) 58.83 6.48 55.65 8.73 0.343 
BMI  (kg/m²) 25.68 3.09 24.61 3.34 0.429 
Percentage of fat (%) 37.35 2.08 34.12 5.76 0.061 
Resting HR (bpm) 70.53 11.51 68.2 8.9 0.358 
Resting systolic blood pressure 
(mmHg) 

119.56 15.11 123.73 12.98 0.415 

Resting diastolic blood pressure 
(mmHg) 

66.26 7.23 69.13 5.9 0.651 

Hip circumference (cm) 87.30 5.90 84.93 7.00 0.427 
Waist circumference (cm) 98.50 7.27 95.40 6.44 0.263 

CG: Control group, TG: Training group - No Significant difference between groups. 
 

Table 2 Body composition. Data were mean ± SEM 
 Group Baseline week 4 week 8 

mean ± SEM mean ± SEM mean ± SEM 
Body weight (Kg) CG 58.83±1.73 59.19±1.73a 59.47±1.74a 

TG 55.65±2.33 55.10±2.34a 54.55±2.33a 

Hip circumference (cm) CG 87.30±1.57 87.73±1.56 88.10±1.56 
TG 84.93±1.87 84.57±1.89 80.23±1.91 

Waist circumference (cm) CG 98.50±1.94 98.73±1.93 98.73±1.93 
TG 95.40±1.72 95.40±1.72 95.33±1.71 

Percentage of fat (%) CG 37.35±0.55 37.78±0.46e 37.82±0.49f 

TG 34.12±0.95 33.44±0.96ae 34.03±0.98af 

BMI (kg/m²) CG 25.68±0.82 25.84±0.83a 25.96±0.82a 

TG 24.61±0.89 24.37±0.89a 24.12±0.88a 

 CG: Control group, TG: Training group 
a = p < 0.05 compared within group at baseline  
e = p < 0.05 compared between CG and TG at 4th week 
f = p < 0.05 compared between CG and TG at 8th week 
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The body weight of TG and CG were significantly difference at the 4cth week and 8th week when they 
compared with baseline.  Percent changes of body weights in TG was decreased 0.99±0.21 %, 1.99±0 %, 
respectively. While that in CG was different between baseline at the 4th week and 8th week was 0.60±0.13 %, 
1.08±0.30 %. 

Hip and waist circumference of TG were lower than CG at the 4th week and 8th week, respectively but 
they were not significantly difference within group and between groups.  

The percentage of fat (%FAT) and BMI of TG and CG were significantly different at the 4th week and 
8th week when they compared with baseline as shown in Table 2.  
 

2. Muscle strength 
Table 3.Hand grip strength (right arm and left arm) Data were mean ± SEM 

 
Hand grip strength (kg) Baseline week 4 week 8 
Control group Mean SEM mean SEM mean SEM 
 Right arm 0.32 0.10 0.33 0.09 0.34 0.08 

Left arm 0.33 0.07 0.32 0.07 0.33 0.07 
Training group       
 Right arm 0.39 0.05 0.39 0.05 0.39 0.05 

Left arm 0.37 0.06 0.36 0.06 0.36 0.06 
 
Hand grip strength right and left arms were of TG was not significantly lower than CG at the 4th and 

8th week, respectively. There were no significant difference within group of TG and CG at the 4 th week and 8th 
week, respectively, when compared with baseline as shown in Table 3 
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4. Cardiovascular parameters 
Table 4 Cardiovascular parameters. Data were mean ± SEM 
 

Parameters Baseline week 4 week 8 
mean±SEM mean±SEM mean±SEM 

ABPI (Rt) CG 1.12±0.01 1.15±0.02 1.14±0.03 
TG 1.10±0.03 1.09±0.02 1.15±0.03 

ABPI (Lt) CG 1.09±0.02 1.09±0.02 1.12±0.02 
TG 1.00±0.02 1.08±0.02 1.08±0.03 

6MWT 
(meter) 

CG 311.60±16.29 306.87±16.33ae 305.80±17.67af 
TG 333.80±13.44 357.33±15.38ae 367.00±16.09abf 

Systolic blood 
pressures (mmHg) 

CG 119.56±4.01 118.11±3.26 116.33±2.64 
TG 123.73±3.47 124.33±4.18 122.14±4.61 

Diastolic blood 
pressures (mmHg) 

CG 66.26±1.86 65.46±1.58 67.33±2.20 
TG 69.13±1.52 68.13±1.55 67.60±1.75 

Resting heart rate 
(beat/min) 

CG 70.89±2.97 69.56±2.61 67.89±2.53 
TG 64.93±2.32 67.93±2.15 68.57±2.15 

CG: Control group, TG: Training group. 
a = p < 0.05 compared within group at baseline 
b = p < 0.05 compared within group at 4th week  
e = p < 0.05 compared between CG and TG at 4th week 
f = p < 0.05 compared between CG and TG at 8th week 
 

Right and left of ABPI of TG was not significantly lower than CG at the 4th and 8th week. ABPI was no 
significant difference between the 2 groups at baseline, 4th and 8th week, respectively as shown in Table 4. 

Six minute walk test (6 MWT) of TG was significantly higher than that in CG at the 4th week and 8th 
week, respectively. There was significant difference within group of TG at the 4th week and 8th week, 
respectively as shown in Table 4. 

Systolic blood pressures of TG were not significantly lower than CG at the 4th week and 8th week, 
respectively. There was no significant difference between the 2 groups at baseline, 4th week and 8th week, 
respectively. Systolic blood pressures of TG were 123.73±3.47 mmHg, 124.33±4.18 mmHg, and 122.14±4.61 
mmHg at baseline, 4th week and 8th week, respectively. While that in CG was 119.56±4.01 mmHg, 
118.11±3.26 mmHg, and 116.33±2.64 mmHg at baseline, 4th week and 8th week, respectively as shown in 
Table 4. 
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Diastolic blood pressures of TG were not significantly lower than CG at the 4th week and 8th week, 
respectively. There no significant difference between 2 groups at baseline, 4th week and 8th week, 
respectively. Diastolic blood pressures of TG were 69.13±1.52 mmHg, 68.13±1.55 mmHg, and 67.6±1.75 
mmHg at baseline, 4th week and 8th week, respectively. While that in CG was 66.26±1.86 mmHg, 65.46±1.58 
mmHg, and 67.33±2.2 mmHg at baseline, 4th week and 8th week, respectively as shown in Table 4. 

Resting heart rate of TG was not significantly lower than CG at the 4th and 8th week, respectively. 
There was no significant difference between the 2 groups at baseline, 4th week and 8th week, respectively as 
shown in Table 4. 

 
5. Psychomotor performances 
Table 5 Tapping speed testing (taps/10sec). Data were mean ± SEM 

Tapping speed testing 
(taps/10 sec) 

Baseline week 4 week 8 
mean±SEM mean±SEM mean±SEM 

right index finger (RI) CG 39.67±1.91 44.11±2.13 43.67±2.14 
TG 41.27±2.36 44.27±1.84 45.87±1.91 

left index finger (LI) CG 38.33±1.94 38.33±1.85 40.56±1.7 
TG 41.27±1.56 41.53±1.48 41.40±1.32 

CG: Control group, TG: Training group 
c = p < 0.05 compared between CG and TG at baseline 
f = p < 0.05 compared between CG and TG at 8th week 

 
Tapping speed testing right and left index finger of TG was not significantly higher than CG at the 4th 

week and 8th week, respectively. There was no significant difference between the 2 groups at baseline, 4th 
week and 8th week, respectively as shown in Table 5. 
 
DISSCUSSION 
 

In this study, the physical characteristics of the age, weight, height, body mass index (BMI), waist 
circumference, hip circumference, resting heart rate, resting systolic blood pressure, resting diastolic blood 
pressure, percent of fat were measured. The results showed that the body weight, body mass index (BMI), 
and percent of fat (%FAT) in TG were reduced significantly after training for 8 weeks. The values of percent 
change were found that the weight of the body mass index (BMI) and percentage of fat (% FAT) decrease in 
TG. This may be because during the participants used the muscles in aerobic exercise training by continuing 
to step up and raise the legs for min. Evrim C.et.al., 2010 (20) found the significantly differences (p <0.05) of 
the body weight, body mass index, body fat% after 8 weeks of exercise training. similar to in the research 
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conducted by Çolakoğlu & Karacan, 2006 (21) in order to investigate effects of aerobic exercises on some 
physiological parameters in young and middle aged females, body weight pre-test value of middle aged 
females  which they found statistically significant. This was similar to our study.  Maddison R, 2011 (22) 
concluded that the active intervention of the video game could changed in BMI and body composition in 
children with overweight and obesity. 
 

Cardiovascular physiological system tests  
Ankle brachial pressure index (ABPI) 
The ABPI measurement is now used worldwide as an easy can be used to clinically assess the risk of 

future cardiovascular events. 
This is study to evaluate the ABPI in hypertension. Several factors play an etiologic role, including the 

high prevalence of hypertension. The ABPI was a quick non-invasive method of measuring the effect the 
arterial disease. It developed as an indicator for peripheral vascular disease, such as atherosclerosis and can 
predict the risk of cardiovascular disease. (Resnick, 2004; Woo, 2005; McGee, 1998)(23,24,25). The ABPI 
was calculated for each leg and was defined as posterior tibial systolic pressure divided by brachial systolic 
pressure. Three ABPI groups were defined: low (ABPI<0.90), normal (0.90 ≤ABPI ≤ 1.40), and high (ABPI > 
1.40).(7)  Low ABPI was also independently associated with a high risk of all-cause and cardiovascular 
disease mortality (26). Furthermore, peripheral artery disease of the lower extremities is associated with an 
increased overall risk of mortality (27,28)  related to an increased incidence of myocardial infarctions and 
other cardiovascular events. From this study are similar to Colakoglu and Karacan ,2006 (21) found that after 
training for walking and running 30min/d, 3d/wk for 12 weeks, there was  no significantly difference between 
the tests of SBP and DBP.  Gornik and co-woker, (2005) (29), stated that normally, the blood pressure in the 
ankles was the same or slightly higher than the blood pressure in the legs. This finding was supported by 
Virtanen and co-worker (1982) (30), demonstrated that the central action of clonidine inhibits peripheral 
release of norepinephrine, was insufficient to attenuate cardiac stimulation by physical exercise. Reduction of 
ABPI is a strong independent predictor of cardiovascular mortality in all patients with peripheral arterial 
disease. (31) 
 
Six minute walk test (6MWT) 

The result of this study found that six minute walk test (6MWT) of TG was significantly higher than that 
in CG at the 4th week and 8th week, respectively. There was significant difference within group of TG at the 
4th week respectively, compared to the baseline. In accordance with Burr JF, 2001 (32), the 6MWT and 
correlated with health status indicated the severity of moderate to strong which were useful in the 
classification of exercise aerobics. Inclusion of further readily available variables, such as body weight, sex, 
resting heart rate, and age, greatly improved the discriminative ability of the 6MWT and allowed for the 
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creation of a useful prediction equation. Inclusion of further measures, such as exertional symptoms or body 
composition may have improved predictive abilities further, but were unavailable for the current investigation 
and may be cumbersome for inclusion by primary care physicians or other members of the health care team 
seeking a simple fitness estimation tool. 

Although the six minute walk test has been used to detect changes following interventions to improve 
exercise tolerance for healthy older adults (33,34) as well as people with rheumatologic conditions such as 
knee or hip osteoarthritis (35) and fibromyalgia (36). The 6MWT has been used with a variety of other 
conditions such as heart failure (37,38), chronic obstructive pulmonary disease (COPD)(39) and stroke 
(40,41) It has also been used to predict hospitalization and mortality (42,43). 

We found that elderly persons can safely perform the 6MWT to quickly measure their functional 
status. We may be the investigators to describe associations of 6MWT with training interactive video game, 
self-reported health, and education. 

It is probable that the relationship between health status and 6MWT-distance reflects the influence of 
the status of the cardiovascular system on the general fitness. Studies of exercise physiology have revealed a 
direct relationship between muscle strength and physical exercise. Decreased physical activity (i.e., 
inactivity) usually leads to altered muscle metabolism, decreases in muscle mass and lower physical 
capacity.(40) This relation is more obvious among patients with comorbid conditions, in which the rate of 
inactivity correlates significantly with 6MWD.(45,46) Local data suggest there is a high prevalence of physical 
inactivity among Saudis, particularly those who are middle-aged.(47,48) 

Zorba & et. al., 2000.(49) as a result of regularly conducted exercises, a decrease in thickness of 
subcutaneous fat and an increase in fat-free muscle mass can be expected similar to our study found that 
muscle strength exercises with interactive video game based on the test 6MWT. 

 
Psychomotor performances 

Tapping speed testing 
Tapping speed testing of TG and CG were not significant. In this study, it was anticipated that the 

training will have the effect of increasing the number of times the tap. However, the results of this study 
showed that right index finger tapping and left index finger tapping were not significantly different between 
the two groups.  

This may imply that, the psychomotor performances including speed of tapping (TST) in time were 
limited. These tests compose of various physiological components; the time of integration of signals and 
decision making plus time spent in motor pathways and muscle contractions. The psychomotor speeds data 
have been shown to reflect quite well with physical fitness. Reilly and Smith, 1986 (50) suggested that the 
implications for activities where psychomotor task were superimposed on a requirement for high muscular 
power out levels. Beverly and co-worker, 2006 (51) found that the reaction time was not merely an indicator of 
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age-related physiological deteriorations but rather an indicator of the brain's basic information processing 
ability. Chentanez and co-worker,1990 (52) suggested that the measurement of reaction time could be used 
in confirming the location of lesion in the patient with neuronal circuit damaged in brain, spinal cord or 
peripheral nerve pathways (6). The tapping test has been originally developed as part of neuropsychological 
tests, is a simple measurement of motor speed and motor control and is used in neuropsychology as a 
sensitive test for brain damage. Mitrushina et al.,1999(53), Penteado and co-workers (1993)(54) reported that 
patients with sensorineural hearing loss may be caused by vertebrobasilar arterial obstructive disease. 
Spirduso,1980 (55) suggested that measurement of the tapping speed test data had been shown to reflect 
quite well with the degree of physical fitness, in which  people who exercise regularly usually had greater 
psychomotor speeds of several tests than sedentary subjects. Furthermore the age and gender also affect to 
psychomotor. (56,57) 
 
CONCLUSION 

The present study found that 8th weeks of aerobic training with interactive video game decreased the 
body composition such as body weight, percentage of fat (%) and BMI. While six minute walk test (6MWT) 
was increased after training. However, there was no significant difference in hip and waist circumference, 
muscle strength, ankle brachial pressure index (ABPI), resting blood pressures , resting heart rate (HR) 
(beat/min) and tapping speed testing such as at the right index finger (RI),and left index finger (LI)  between 
groups. 

Exercise training by using interactive video games for 8 weeks affects the cardiovascular, and body 
composition in the elderly. Therefore, it can help to improve health in elderly. 
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