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Introduction
Elderly population in Japan has risen in recent years, by 

about 23.3% in 2011 (Cabinet Office, Annual Report on the Aging 
Society), and at the same time the average life expectancy has 
extended to about 80 years for men and 86 years for women, 
which has resulted in a type of aging society never seen before. 
Medical care and welfare have, therefore, become important 
issues for the maintenance of healthy life expectancy in the age 
of decline. Aging is normally accelerated in the age of decline, but 
regular exercise is an anti-aging method that improves health.

Exercise has been shown to be beneficial in the elderly, 
improving bodily functions such as VO2 max and the respiratory 
system [1,2], the circulatory system. [1-7], metabolic hormones 
[8,9], muscular hypertrophy [9,10], the immune system [11-
13], and antioxidant enzymes [14,15]. Exercise also produces 
a positive effect on the psychological and emotional state 
and alleviates stress [16]. In order to assist elderly people in 
carrying on healthy, independent social lives, it would be helpful 
to know whether the plasticity of the brain is enhanced by the 
maintenance of exercise and sports activities, and how it relates 
to activity level and sustainability.

The cerebrum’s function in maintaining concentration 
[target aiming function (TAF)] has been defined and developed 
by Takakuwa [17]. TAF is the ability to maintain mental 
concentration by maintaining a high level of cerebral cortical 
activity, and represents the integrated results of the cerebrum’s 
mental and physiological functions. The TAF test is an objective, 
numerical method for the measurement that indicates how 
well cerebral cortical activity level is maintained, and it makes 
statistical analysis possible. Previous studies have reported that 
advanced marksmen, pilots, and trained athletes can maintain 
high levels of concentration evaluated by the TAF test [18,19]. 
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Nevertheless, there has been little information available about the 
effect of physical exercise on the levels of mental concentration in 
elderly people, whereas many reports state that physical exercise 
can prevent and improve memory impairment in adult humans 
[20-22].

Thus, the aim of the present study was to examine the effects 
of continuous exercise on cerebral cortical activity for the 
maintenance of concentration in the elderly, in conjunction with 
oxidative stress indicators such as 8-hydroxydeoxyguanosine (8-
OHdG) [23] and acrolein (ACR) [24], and sympathetic nervous 
activity indicators like adrenaline, noradrenaline and dopamine 
concentrations, as well as assessment with the Profile of Mood 
States (POMS).

Materials and Methods
Subjects

The subjects in the long-term exercise group (LTE-G) were 21 
elderly people (4 males, 17 females) who had played tennis, run 
or jogged for 20 to 40 years, and were currently continuing these 
activities 2 to 5 times a week. The subjects in the health exercise 
group (HE-G) were 12 elderly people (5 males, 7 females) who 
had been participating in health exercise clubs once a week for 
90 minutes for 4 years, and did daily activities such as integrated 
compound movements and walking. We also examined 13 elderly 
people (4 males, 9 females), who engaged in no type of exercise 
and led a sedentary life, as the sedentary control group (SC-G).

We explained the aim of the research to the subjects 
and obtained their written informed consent. Experimental 
procedures were approved by the Ethics Committee of the 
Institute of Health and Sport Science, University of Tsukuba, 
Japan.

Body and blood pressure measurements
After conducting interviews and health examinations, we 

measured the subjects’ height and weight to determine their 
body mass index (BMI). Blood pressure was measured by the 
auscultatory method using the Manchette method’s mercury 
manometer after subjects rested sufficiently in a sitting position. 
We also measured the pulse rateat rest by palpating the radial 
artery. We then measured the body fat percentage using the 
Impedance method and aHDF-302 body fat scale made by Omron 
(Kyoto, Japan). Physical characteristics of the three groups are 
shown in Table 1.

Measuring the maintenance of concentration 
The maintenance of concentration was measured using 

the TAF test developed by Takakuwa [17] (Figure 1). The 
measurement is taken by asking the subjects to peep at a device 
through their dominant eye, and aim for a target emitting a 2.5 
cm diameter circle of light with their dominant arm continuously 
for 1 minute, continuing in the same manner for a total of 3 
minutes with 10 second breaks after each minute. The temporal 
variation accuracy was recorded as a continuous curve, and was 
simultaneously evaluated by converting the result to a numeral. 
For the evaluation, the top line of the recording sheet was marked 
0.0, and it went up to a score of 10.0 (the bottom line). A mark was 
plotted every 2.5 seconds, and the average scores for each minute 

were designated as L1, L2 and L3. The average score of the three 
results was designated as TAF-L, and the standard deviation was 
designated as TAF-D, respectively. TAF-L represented the level 
of mental concentration, and TAF-D showed the fluctuation in 
the mental concentration time. The lower the score falls, the 
higher the maintenance of concentration rises. It should be noted 
that this measurement was carried out after explanation of the 
measurement process, and 1 minute of practice.

Mood profile examination

We evaluated the moods and emotions of subjects over 
the past week using the POMS [25], which is a questionnaire 
method used to evaluate 6 mood scales. The scales [Tension], 
[Depression], [Anger], [Vigor], [Fatigue], and [Confusion], were 
all evaluated, and we drew a total vigor score from the total 
assembled score of the scales, excluding [Vigor]. The Total Mood 
Disturbance (TMD) score was calculated by adding 100 points, 
and the group scores were compared.

Measuring urine oxidative stress markers and 
catecholamines 

After about 25 ml of urine was collected in a measuring cup, 
1 ml of urine was placed in each of 4 micro-tubes and preserved 
at -80°C. A few days later, the concentrations of 8-OHdG, 
ACR, adrenaline, noradrenaline, and dopamine in urine were 
measured using the methods described as follows: We used an 
8-OHdG Check ELISA (Japan Institute for the Control of Aging, 
Shizuoka, Japan) to measure 8-OHdG, and used an ACR ELISA kit 
(NOF Corporation, Tokyo, Japan) to measure ACR concentration. 
Next, conventional reverse-phase high performance liquid 
chromatography was performed by the SRL testing center 

LTE-G (n=21) HE-G (n=12) SC-G (n=13)
Age (yr) 66.6 ± 4.0* 68.6 ± 5.4 70.3 ± 5.6

Height (cm) 161.9 ± 5.9＃ 160.7 ± 5.8 154.5 ± 7.4
Weight (kg) 58.9 ± 7.8 61.2 ± 5.7* 52.8 ± 8.8
BMI (kg/m2) 22.4 ± 2.1 23.7 ± 2.7 22.3 ± 3.6

%Fat (%) 27.5 ± 4.9 27.3 ± 6.6 29.6 ± 5.7
PR (beats/min) 62.1 ± 6.2＃$ 70.1 ± 7.4 69.8 ± 7.7

SBP (mmHg) 136.1 ± 19.8 132.9 ± 17.5 128.4 ± 11.5
DBP (mmHg) 82.5 ± 10.6＃ 75.1 ± 7.4 72.0 ± 8.2

Values are means ± SD.
*Significant difference from SC-G (p < 0.05)
#Significant difference from SC-G (p < 0.01)
$Significant difference from HE-G (p < 0.01)
Table1: Physical characteristics of three groups.

Figure 1: The picture of TAF test.
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(Tachikawa, Japan) to measure adrenaline, noradrenaline and 
dopamine concentrations.

Statistical analysis
The numbers shown in the table and figures are the average 

score ± the standard deviation (SD). After the Bartlett test was 
carried out, statistical analysis of the measurement results was 
performed using one-factor ANOVA and the Kurskal-Wallis test. 
The test of the differences between the groups was performed 
using the post-hoc test (Tukey-Kramer method), and levels of 
significance were set at p < 0.05.

Results
Body measurements

The three groups’ physical characteristics are shown in Table 
1. The age of the LTE-G was significantly lower (p < 0.05) than 
that of the SC-G. In terms of physical characteristics, the height 
of the LTE-G was significantly higher (p < 0.01), and the weight 
score of the HE-G was significantly higher (p < 0.05) than those 
of the SC-G, respectively. The BMI was in the range of 22 to 24 
for all three groups, and the % fat was about 27-30%. Thus, no 
significant differences in BMI or % fat was observed among the 
three groups. The systolic blood pressure (SBP) was 128-136 
mmHg, and there were no significant differences among the 
three groups, which appeared to be all within normal range. On 
the other hand, the diastolic blood pressure (DBP) of the LTE-G 
was significantly higher (p < 0.01) than that of the SC-G, but all 
three groups were within the normal range of 72-83 mmHg. The 
pulse rate at rest was 62 beats/min in the LTE-G, which was a 
significantly lower (p < 0.01) score than that of either the HE-G 
or the SC-G.

Maintenance of concentration
The TAF-L showing the maintenance of concentration for 

both the LTE-G and the HE-G, had a score that was significantly 
lower (p < 0.0001) than that of the SC-G, indicating excellent 
concentration maintenance for the LTE-G and for the HE-G 
(Figure 2A). An exercise activity group (EA-G), made up of LTE-G 
and HE-G, was divided by age into a 60’s group and a 70’s group, 
and each age group was compared with its equivalent from 
the SC-G (Figure 2B). For both age groups, the maintenance 
of concentration score was significantly lower (p < 0.01, p < 
0.05) for the EA-G, which indicated excellent maintenance of 
concentration for this group (Figure 2B). When the TAF-D of 
the EA-G, which shows fluctuation during the maintenance of 
concentration measurement, was compared with that of the SC-
G, no significant differences were observed with LTE-G, but the 
TAF-D score was significantly lower (p < 0.01) for HE-G (Figure 
3).

8-OHdG, ACR, adrenaline, noradrenaline and dopamine 
concentrations

No significant differences were observed among the three 
groups in terms of 8-OHdG, ACR, adrenaline, noradrenaline or 
dopamine concentration in urine (data not shown).

Mood profile examinations
There were no significant differences in Tension, Depression, 

Anger, Vigor or Fatigue, but the LTE-G and HE-G had significantly 
lower values (p < 0.05) for Confusion compared to the SC-G 
(Figure 4). The LTE-G also had a significantly lower TMD score (p 
< 0.05) compared with that of the SC-G (Figure 5).

Discussion
The ages of the subjects were significantly lower in the LTE-G 

compared to the SC-G, but since subjects in both LTE-G and SC-G 
were in the early age of decline of 65 to 70, they were considered 
over all to be more or less the same age. With respect to physical 
characteristics, LTE-G and HE-G scored higher for height and 

A) B)

Figure 2: The effects of long-term exercise on maintenance of concen-
tration in elderly people.
The maintenance of concentration function for the long-term exercise 
group (LTE-G), health exercise group (HE-G) and sedentary control 
group (SC-G) was measured using the target aiming function (TAF) test, 
and the TAF-L score shown is the average of the 3 results. 
(A) TAF-L comparison among LTE-G, HE-G and SC-G. The mean ± SD 
(LTE-G: n = 21; HE-G: n = 12; SC-G: n = 13) is given. 
***Significant difference from SC-G (p < 0.0001). 
(B) The relationship between exercise habits and TAF-L by age group. 
LTE-G and HE-G were combined to form an exercise activity group (EA-
G), which was then divided by age into subjects in their 60’s and 70’s, 
and compared with their equivalent age groups in SC-G. The mean ± SD 
[EA-G (60 yrs): n = 23; EA-G (70 yrs): n = 10; SC-G (60 yrs): n = 6; SC-G 
(70 yrs): n = 7] is given. *Significant difference from SC-G (p < 0.05).
**Significant difference from SC-G (p < 0.01).

Figure 3: The effects of long-term exercise on fluctuation in mainte-
nance of concentration.
The standard deviation of TAF-L was calculated as TAF-D, then com-
pared among LTE-G, HE- G and SC-G. TAF-D shows the fluctuation in the 
mental concentration time. The mean ± SD (LTG-G: n = 21; HE-G: n = 12; 
SC-G: n = 13) is given. 
**Significant difference from SC-G (p < 0.01).
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weight, respectively, in comparison to the SC-G, but the BMI score 
was almost the same for all the groups, falling within the normal 
range. The SBP score of the three groups was within the normal 
range of approximately 130 mmHg, and DBP was around 70 to 80 
mmHg, also within the normal range. Therefore, all three groups 
were speculated to be in a healthy physical condition. Meanwhile, 
the resting pulse rate score of LTE- G was significantly lower than 
that of the SC-G. This is likely due because endurance exercise 
had been continued over a very long period of 20 to 40 years, 
leading to an increase in chronic vein reflux during exercise, an 
enlargement of the left ventricular end-diastolic diameter and 
an increase in the left ventricular volume, which in turn resulted 
in an increase in myocardial contractile force. As a result, the 
heartbeat output increased [7,26], and at the same time produced 

the effect to bradycardia at rest due to vagal tone increase, 
reflecting compensation for the lower resting pulse rate.

Normally, the form and function of neurons and the neural 
network in the brain change in response to environmental 
factors, but they usually mature through the growth and 
developmental stages, and then, as people enter middle and old 
age, learning ability and memory are thought to decline [27]. 
Many epidemiological studies, intervention trials, and animal 
experiments have demonstrated that memory dysfunction, 
which is the predominant symptom of dementia and Alzheimer’s 
disease, can be prevented and reduced in aged subjects through 
physical exercise [20-22]. However, the effects of physical 
exercise on mental concentration in the elderly are still unclear.

In this research we found that the maintenance of 
concentration in LTE-G and HE-G was clearly superior to that 
of SC-G. Even when examined by age, the results were almost 
the same for those in their 60’s and 70’s. The fluctuation in the 
maintenance of concentration (TAF-D) was also significantly 
smaller in HE-G compared to the SC-G, suggesting that the subjects 
were able to focus their concentration on one point in a relaxed 
and calmemotional state during the test. These results show that 
a high level of cerebral cortex activity and concentration can be 
maintained, even if the duration or amount of exercise differs.

In elderly people who have led an in active life style, the effects 
of aging are greater, and the onsets of developing cerebrovascular 
ischemia are higher. In fact, a decline in cerebral blood flow is 
the basis behind the onset of vascular dementia, and a strong 
correlation has been reported between the amount of decreased 
blood flow and the progression of dementia [28]. However, in a 
report [29] related to exercise and cerebral blood flow, when an 
exercise pushing a spring with the thumb and index finger together 
was carried out, the local blood flow of the primary motor cortex 
tended to increase linearly in proportion to the frequency of the 
spring exercise, compared to the resting state. Furthermore, 
exercising the entire body using an incremental load method 
notably increases the blood volume in the brain to the level of 
50-60% of VO2 max [30]. Even 30 seconds of anaerobic exercise 
increases the oxygen level and blood volume in the brain [31]. 
The loss of neurons due to aging is an inevitable phenomenon, 
but it has been suggested that the dentate gyrus nerves in the 
hippocampus of humans are regenerated after maturation [32]. 
It is known that exercise increases neurogenesis in the dentate 
gyrus [33]. When information input into the brain is determined 
by the amygdala to be either “pleasant” or “valued” the activity of 
the entire brain is enhanced via the humoral regulation system, 
which improves learning in the cerebral cortex, and by building 
the neural network [34], stimulates “the perceptions of pleasant” 
and “cognitive functions of value” enhancing the brain’s internal 
activity level.

The results of this study, taken together, suggest that when 
elderly people continue to enjoy moderate exercise 1-3 times 
a week over a long period of time, exercise contributes greatly 
to learning ability and memory, which are thought to decline 
when the brain ages, and also contribute to the maintenance 
and improvement of the cerebral cortical activity level and 
maintenance of concentration. This desirable phenomenon 
occurs not only in persons in their 60’s, but also in those in their 

Figure 4: The effects of long-term exercise on the mood and emotional 
state in elderly people.
We evaluated the mood and emotional state of subjects in all the groups, 
dating back one week, using the Profile of Mood States (POMS). The 
mean ± SD (LTG-G: n = 21; HE-G: n = 12; SC- G: n = 13) is given. *Signifi-
cant difference from SC-G (p < 0.05).

Figure 5: The effects of long-term exercise on the Total Mood Distur-
bance (TMD) in elderly people.
We calculated the overall affective index (TMD) using the POMS results 
as a basis, and compared this among the groups. The mean ± SD (LTG-G: 
n = 21; HE-G: n = 12; SC-G: n = 13) is given. 
*Significant difference from SC-G (p < 0.05).
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70’s. Nevertheless, the results from the present study seem to 
causative because we did not actually perform fixed exercise 
to the elderly subjects. Therefore, there is no denying that 
other factor(s) is involved in the maintenance of concentration 
observed in exercise group, and further studies are required. 

Oxidative stress is thought to be connected to enhanced 
aging and illness [35]. In this research, we examined the effects 
on oxidative stress indicators and sympathetic nervous reaction 
indicators from the viewpoint of aging and exercise. We saw no 
differences between any of the measured scores of the three 
groups, thereby suggesting that oxidative stress level in healthy 
persons does not affect the brain’s concentration maintenance 
function.

With regard to the psychological effects of exercise, according 
to the International Society of Sport Psychology, exercise creates 
an emotional effect, regardless of sex or age, by decreasing anxiety, 
depression and various stress indicators [36](International 
Society of Sport Psychology). This study used the POMS to 
examine the effect of continuous exercise on mood in daily life. 
It was found that LTE-G and HE-G scored significantly lower on 
the [Confusion] scale compared to SC-G. LTE-G also had a lower 
overall TMD score on the 6 POMS scales in comparison to SC-G, 
clearly indicating a stable mood and suggesting that continuous 
exercise contributes to the enhancement of mental self-control 
even in aged persons. Exercise requires the participant to always 
stay relaxed and calm, and to respond quickly. While playing 
tennis, instant response is required to the ball’s movements and 
developments in the game, and in the case of running or jogging 
it is essential to pay attention to the speed, level of fatigue and 
physical condition, and the like. It is also important that those 
who participate in health exercise classes respond correctly to the 
instructor’s explanations and important points, and that they are 
required to learn these things. When exercise becomes habitual, 
the [Confusion] scale will naturally be decreased in daily life, 
improving emotional stability and calmness. In previous studies 
it has become clear that transient exercise has antidepressant 
and anxiolytic effects, [37] and that exercise contributes to the 
reduction of anxiety and an increase in positive feelings [38,39]. 
Improving one’s mood creates mental stability, resulting in an 
enhancement of the cerebralcortical activity level, and is thought 
to contribute to the maintenance of concentration fluctuation.

These results, taken together, indicate that if elderly people 
habitually continue to exercise, it enhances their cerebral activity 
level and maintenance of concentration, resulting in a more 
stable mood.
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