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ABSTRACT 

We evaluated whole body reaction time and one leg 
with eye closed balance in elderly Japanese. A total of 
2059 elderly Japanese (730 men and 1329 women), 
aged 60 - 79 years, were enrolled in the cross-sectional 
investigation study. Anthropometric parameters, whole 
body reaction time and one leg with eye closed balan- 
ce were measured. Whole body reaction time was sig- 
nificantly higher and one leg with eye closed balance 
was significantly lower in 70’s than those in 60’s in 
both sexes. Two hundred twenty seven men (31.1%) 
and 533 women (40.1%) were having no medications. 
In men, whole body reaction time was significantly 
higher and one leg with eye closed balance was signi- 
ficantly lower in subjects with medications than those 
in subjects without in 60’s. However, significant dif- 
ferences of whole body reaction time and one leg with 
eye closed balance between subjects with and without 
medications in men with 70’s and women with 60’s 
and 70’s were not noted. This standard mean value 
may provide a useful reference database for evaluat-
ing whole body reaction time and one leg with eye 
closed balance in Japanese elderly subjects. 
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1. INTRODUCTION 

Rate of elderly subjects (over 65 years) in Japan are dra- 
matically increased and has become public health chal-
lenge in Japan. For example, 28,216,000 subjects (22.1%) 
are reported to be over 65 years old in Japan [1]. 

It has been shown that obese subjects have a high mo- 
rtality rate [2] and have linked to atherogenic risk factors, 
such as hypertension, coronary heart disease, diabetes me- 
llitus and dyslipidemia [3]. In addition, physical fitness 

was a graded, independent, long-term predictor of mor-
tality from cardiovascular causes in healthy, middle-aged 
men [4]. Lower and declining muscle strength was also 
associated with increased mortality, independent of phy- 
sical activity and muscle mass [5]. We have previously 
showed that anthropometric parameters, muscle strength, 
flexibility and aerobic exercise level in elderly Japanese. 
Especially in elderly subjects without medications, this 
standard mean value in 60’s and 70’s may provide a use- 
ful database for evaluating anthropometric parameters and 
physical fitness [6]. However, according to other physical 
fitness i.e. agility and balance, there are few studies that 
focused on reductions in mortality or the prevention of li- 
festyle-related diseases, and the optimal level was not de- 
fined. Therefore, evaluation of agility i.e. whole body reac- 
tion time and balance i.e. one leg with eye closed balance 
still remains to be investigated in elderly Japanese with-
out medications. 

In this study, we evaluated whole body reaction time and 
one leg with eye closed balance in elderly Japanese and 
compared those parameters between subjects with and 
without medications. 

2. SUBJECTS AND METHODS 

2.1. Subjects 

A total of 2059 elderly subjects (730 men and 1329 wo- 
men), aged 60 - 79 years, was enrolled in this cross-sec- 
tional investigation study. All subjects met the following 
criteria: 1) they had been wanting to change their lifes- 
tyle i.e., diet and exercise habits, and had received an 
annual health checkup from June 1997 to Dec 2009 at 
Okayama Southern Institute of Health; 2) their anthro-
pometric, whole body reaction time and one leg with eye 
closed balance measurements had been taken as part of 
their annual health checkups; and 3) they provided writ-
ten informed consent (Table 1). 

The study was approved by the Ethics Committee of 
Okayama Health Foundation. *There is no conflict of interest. 
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Table 1. Clinical profiles of enrolled subjects. 

 Men (n = 730)        Women (n = 1329) 

 Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum

Age 65.6 ± 4.6 60 79 64.8 ± 4.1 60 79 

Height (cm) 164.4 ± 5.5 145.3 180.2 151.9 ± 5.0 136.2 167.0 

Body weight (kg) 65.9 ± 9.3 40.1 112.2 55.1 ± 7.6 33.4 92.4 

Body mass index (kg/m2) 24.3 ± 3.0 16.2 40.9 23.9 ± 3.1 15.4 41.9 

Abdominal circumference (cm) 86.0 ± 9.2 61.6 127.0 78.7 ± 9.1 54.7 121.6 

Hip circumference (cm) 91.9 ± 5.5 77.8 122.7 90.2 ± 5.2 69.0 120.5 

Whole body reaction time (sec) 0.44 ± 0.10 0.24 1.01 0.46 ± 0.10 0.26 0.99 

One leg with eye closed balance (sec) 9.6 ± 10.7 1.0 93.0 10.1 ± 12.0 1.0 120.0 

Number of subjects without medications (%) 227 (31.1)   533 (40.1)   

 
2.2. Anthropometric Measurements 

The anthropometric parameters were evaluated by using 
the following respective parameters such as height, body 
weight, body mass index (BMI), abdominal circumferen- 
ce and hip circumference. BMI was calculated by wei- 
ght/[height]2 (kg/m2). The abdominal circumference was 
measured at the umbilical level and the hip was measu- 
red at the widest circumference over the trochanter in 
standing subjects after normal expiration [7]. 

2.3. Whole Body Reaction Time 

Whole body reaction time was measured by using THP- 
15 (Sakai, Tokyo, Japan) (Figure 1) as follows. Subjects 
stood still with a posture to be able to change immedi-
ately and concentrated attention on a red lamp. When the 
subjects watch the lamp shined, they jumped as early as 
possible. Average second of five trials that both legs 
completely left from a floor was employed to be whole 
body reaction time [8]. 

2.4. One Leg with Eye Closed Balance 

The examiner first asks the subjects to decide on which 
leg they would like to stand. The subjects are then asked 
to stand initially in a relaxed stance with their weight 
evenly distributed between both. With their eyes close, 
the subjects are instructed to stand on the leg they have 
selected, without using any assistive device, and keeping 
their arms by their sides. The test is over after 120s has 
elapsed, when the stance foot shifts, or when the lifted 
foot is replaced on the board, whichever occurs first. To 
prevent falls or injuries, the examiner stands close to the 
subjects throughout the trial (Figure 2) [9]. 

 
Figure 1. Measurements of whole body reaction time pho- 
tographed at Okayama Southern Institute of Health, Oka-
yama, Japan. 

 

 

Figure 2. Measurements of one leg with eye closed balan- 
ce photographed at Okayama Southern Institute of Health, 
Okayama, Japan. 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



N. Miyatake et al. / Open Journal of Epidemiology 2 (2012) 22-27 24 

2.5. Medications 

The data on medications were obtained at interviews con- 
ducted by well-trained medical staff using the structured 
method. The subjects were asked if they currently take 
medications i.e diabetes, hypertension, dyslipidemia and/ 
or orthopedic diseases. When the answer was “yes”, they 
were classified as subjects with medications. When the 
answer was “no”, they were classified as subjects with-
out medications. 

2.6. Statistical Analysis 

Data are expressed as means ± standard deviation (SD) 
values. A comparison of parameters between the 2 groups 
was made using the unpaired t-test: p < 0.05 was consi- 
dered to be statistically significant. 

3. RESULTS 

Clinical profiles are summarized in Table 1. Twenty hun-
dred and twenty seven men (31.1%) and 533 women 
(40.1%) were take no medications. 

We compared the clinical parameters between subjects 
60’s and 70’s (Table 2). In men, height, body weight, 
BMI and hip circumference in 60’s were significantly 
higher than those in 70’s. However, abdominal circum-
ference in 60’s was similar to that in 70’s. In women, 
height was significantly higher and abdominal circum-
ference was significantly lower in 60’s than those in 70’s. 
Whole body reaction time was significantly lower and 
one leg with eye closed balance was significantly higher 
in 60’s than those in 70’s in both sexes. 

We further analyzed clinical parameters between sub-
jects with and without medications (Table 3). There were 
significant differences of anthropometric parameters (ex- 
cept height), whole body reaction time and one leg with 
eye closed balance between men with and without medi- 
cations. In women, there were also significant differen- 
ces of anthropometric parameters (except height and hip 
circumference), whole body reaction time and one leg 
with eye closed balance between subjects with and with- 
out medications. 

In addition, in 60’s, significant differences of whole 
body reaction time and one leg with eye closed balance 
between men with and without medications, and body 
weight, BMI, abdominal circumference and hip circum-
ference between women with and without medications were 
noted. In 70’s, anthropometric parameters were signifi-
cantly higher in men with medications than those in men 
without medications. There were not significant differ-
ences of other parameters between subjects with and 
without medications (Table 3). 

We found that there were significant differences of some 
parameters between subjects with and without medica-
tions. We finally compared parameters between 60’s and 
70’s in subjects without medications (Table 4). In men, 
anthropometric parameters and one leg with eye closed 
balance were significantly lower and whole body reac-
tion time was significantly higher in 70’s than those in 
60’s. In women, whole body reaction time was signifi-
cantly higher, height and one leg with eye closed balance 
were significantly lower in 70’s than those in 60’s. There 
were no differences of other parameters between 60’s 
and 70’s in subjects without medications. 

 
Table 2. Comparison of clinical parameters in all subjects. 

 Men  Women  

 60 - 69 70 - 79 p 60 - 69 70 - 79 p 

Number of subjects 589 141  1140 189  

Height (cm) 164.8 ± 5.3 162.7 ± 5.9 <0.0001 152.2 ± 4.9 149.8 ± 5.0 <0.0001 

Body weight (kg) 66.5 ± 9.0 63.3 ± 10.0 0.0002 55.2 ± 7.6 54.5 ± 7.6 0.2529 

Body mass index (kg/m2) 24.5 ± 3.0 23.8 ± 3.0 0.0279 23.8 ± 3.1 24.3 ± 3.2 0.0550 

Abdominal circumference (cm) 86.1 ± 9.1 85.6 ± 9.6 0.5186 78.2 ± 8.9 81.7 ± 10.0 <0.0001 

Hip circumference (cm) 92.2 ± 5.4 90.7 ± 5.6 0.0040 90.2 ± 5.2 89.9 ± 5.3 0.4198 

Whole body reaction time (sec) 0.43 ± 0.09 0.49 ± 0.13 <0.0001 0.45 ± 0.09 0.52 ± 0.12 <0.0001 

One leg with eye closed balance (sec) 10.6 ± 11.5 5.2 ± 4.6 <0.0001 10.9 ± 12.7 5.0 ± 4.3 <0.0001 
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Table 3. Comparison of clinical parameters between subjects with and without medications as classified by age groups. 

 Men  Women  

 Medication (–) Medication (+) p  Medication (–) Medication (+) p 

All subjects  

Number of subjects 227 503  533 796  

Height (cm) 164.2 ± 5.4 164.5 ± 5.5 0.3979 152.0 ± 5.2 151.8 ± 4.9 0.3890

Body weight (kg) 64.5 ± 8.7 66.5 ± 9.5 0.0090 54.3 ± 7.3 55.6 ± 7.8 0.0015

Body mass index (kg/m2) 23.9 ± 2.7 24.5 ± 3.1 0.0089 23.5 ± 3.0 24.2 ± 3.2 0.0002

Abdominal circumference (cm) 84.6 ± 9.0 86.7 ± 9.2 0.0057 77.3 ± 8.7 79.6 ± 9.3 <0.0001

Hip circumference (cm) 91.2 ± 5.0 92.2 ± 5.6 0.0279 89.9 ± 5.0 90.4 ± 5.4 0.0781

Whole body reaction time (sec) 0.43 ± 0.10 0.45 ± 0.1 0.0012 0.45 ± 0.09 0.46 ± 0.10 0.0016

One leg with eye closed balance (sec) 12.0 ± 12.9 8.5 ± 9.4 <0.0001 11.2 ± 13.5 9.4 ± 10.9 0.0072

60 - 69       

Number of subjects 193 396  485 655  

Height (cm) 164.8 ± 5.0 164.9 ± 5.4 0.8700 152.2 ± 5.1 152.3 ± 4.8 0.8571

Body weight (kg) 65.7 ± 8.2 66.9 ± 9.4 0.1128 54.4 ± 7.4 55.8 ± 7.7 0.0021

Body mass index (kg/m2) 24.2 ± 2.6 24.6 ± 3.1 0.0812 23.5 ± 3.0 24.1 ± 3.2 0.0014

Abdominal circumference (cm) 85.3 ± 8.8 86.5 ± 9.3 0.1439 77.1 ± 8.6 79.0 ± 9.0 0.0004

Hip circumference (cm) 91.7 ± 4.7 92.4 ± 5.7 0.1868 89.9 ± 5.0 90.5 ± 5.3 0.0401

Whole body reaction time (sec) 0.42 ± 0.08 0.44 ± 0.09 0.0009 0.44 ± 0.09 0.45 ± 0.09 0.0678

One leg with eye closed balance (sec) 13.0 ± 13.5 9.4 ± 10.1 0.0003 11.7 ± 14.0 10.3 ± 11.6 0.0592

70 - 79       

Number of subjects 34 107  48 141  

Height (cm) 160.7 ± 6.3 163.3 ± 5.7 0.0207 150.4 ± 5.6 149.7 ± 4.7 0.3971

Body weight (kg) 58.2 ± 8.8 64.9 ± 9.9 0.0006 53.3 ± 6.2 54.9 ± 8.0 0.1964

Body mass index (kg/m2) 22.5 ± 3.0 24.3 ± 2.9 0.0031 23.6 ± 3.2 24.5 ± 3.2 0.1118

Abdominal circumference (cm) 80.5 ± 9.4 87.2 ± 9.1 0.0003 79.4 ± 9.7 82.5 ± 9.9 0.0624

Hip circumference (cm) 88.2 ± 5.9 91.5 ± 5.3 0.0031 90.0 ± 4.6 89.9 ± 5.5 0.8791

Whole body reaction time (sec) 0.48 ± 0.16 0.49 ± 0.11 0.7586 0.50 ± 0.11 0.52 ± 0.13 0.2615

One leg with eye closed balance (sec) 6.2 ± 5.6 4.9 ± 4.2 0.1391 5.3 ± 3.7 4.9 ± 4.5 0.5943

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



N. Miyatake et al. / Open Journal of Epidemiology 2 (2012) 22-27 

Copyright © 2012 SciRes.                                                                      

26 

 OPEN ACCESS 

Table 4. Comparison of clinical parameters in subjects without medications. 

 Men  Women  

 60 - 69 70 - 79 p  60 - 69 70 - 79 p 

Number of subjects 193 34  485 48  

Height (cm) 164.8 ± 5.0 160.7 ± 6.3 <0.0001 152.2 ± 5.1 150.4 ± 5.6 0.0188

Body weight (kg) 65.7 ± 8.2 58.2 ± 8.8 <0.0001 54.4 ± 7.4 53.3 ± 6.2 0.3148

Body mass index (kg/m2) 24.2 ± 2.6 22.5 ± 3.0 0.0013 23.5 ± 3.0 23.6 ± 3.2 0.7063

Abdominal circumference (cm) 85.3 ± 8.8 80.5 ± 9.4 0.0040 77.1 ± 8.6 79.4 ± 9.7 0.0803

Hip circumference (cm) 91.7 ± 4.7 88.2 ± 5.9 0.0001 89.9 ± 5.0 90.0 ± 4.6 0.8551

Whole body reaction time (sec) 0.42 ± 0.08 0.48 ± 0.16 0.0004 0.44 ± 0.09 0.50 ± 0.11 <0.0001

One leg with eye closed balance (sec) 13.0 ± 13.5 6.2 ± 5.6 0.0043 11.7 ± 14.0 5.3 ± 3.7 0.0016

 
4. DISCUSSION 

We evaluated whole body reaction time and one leg with 
eye closed balance in elderly Japanese. Especially in 
elderly subjects without medications, this standard mean 
value in 60’s and 70’s may provide a useful reference 
database for evaluating whole body reaction time and 
one leg with eye closed balance. 

For preventing life-style related diseases, the level of 
maximal oxygen uptake and muscle strength was reco- 
mmended in exercise and physical activity reference qua- 
ntity for health promotion 2006 (EPARQ2006) by minis- 
try of health, labor and welfare of Japan. However, acco- 
rding to other physical fitness i.e. agility and balance, the 
optimal level was not defined [10]. Reaction time is a 
physiological entity that has been linked as a causal fac- 
tor in the incidence of falls in the elderly population [11]. 
In some literatures, whole body reaction time was analy- 
zed in elderly Japanese. Higuchi et al. have reported that 
the whole body reaction time was increased with aging 
over 50’s by 1028 Japanese, aged 20 - 85 years [12]. Cao 
et al. have reported that the effect of a 12-week com- 
bined exercise intervention program on physical perfor- 
mance and gait kinematics in community dwelling elder- 
ly women (n = 20). They showed that the whole body rea- 
ction time significantly decreased from 0.48 ± 0.07 sec 
to 0.45 ± 0.07 sec (6.4%) after intervention [11]. In addi- 
tion, they also explored the effect of 12-month exercise 
and nutritional intervention by voluntary, homebased exer- 
cise [13]. 

According to one leg with eye closed balance, referen- 
ce value for one leg balance time in elderly subjects va- 
ried widely from study to study [9], because various 
procedure are used to carry out the test i.e. eye-opened 

and eye-closed. At present, there is no consensus on 
whether it is better to perform the test with the eye open 
or closed. Potvin et al. reported and concluded that the 
test was more effective with the eyes closed [14]. The 
mean reported one leg balance time of women aged 70 - 
79 years ranging widely by as much as 6.9 - 32.9 sec 
[15]. 

In this study, we measured 730 men and 1329 women 
over the age of 60. In addition, we compared parameters 
between subjects with and without medications. This in- 
formation gathered may serve as a useful reference data- 
base for evaluating whole body reaction time and one leg 
with eye closed balance in elderly Japanese. 

Potential limitations remain in this study. First, our study 
was a cross sectional and not a longitudinal study. In 
addition, although there were differences of height or wei- 
ght between 60’s and 70’s, cross sectional study design 
and/or difference of the birth cohort may affect these re- 
sults. These greatly decrease the validity of the study. Se- 
cond, the 2059 elderly subjects, all of whom wanted to 
change their lifestyle, underwent measurements for this 
study at Okayama Southern Institute of Health: they were 
therefore more health-conscious than the average person, 
especially may be in 70’s. Thus, this study has a big sele- 
ction bias. Third, the small sample size in especially 70’s 
without medications might make it difficult to compare 
whole body reaction time and one leg with eye closed 
balance between subjects with and without medications. 
Therefore, this study does not have enough participants 
to obtain the standard mean value for the Japanese popu- 
lation. Further prospective, large sample size and commu- 
nity based studies are urgently needed in elderly Japa- 
nese. 
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