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Abstract. [Purpose] To study the brain function during a dual task (cycling exercise and cognitive training) via
functional near-infrared spectroscopy in young males. [Participants and Methods] Twenty Japanese young male
participants were divided into intervention and control groups by simple randomization (n=10 per group). In the in-
tervention group, participants were given a cognitive program training and cycling exercise (dual task). The control
group was given the cognitive program training (single task) only. The cognitive program training consisted of a
warm up, followed by 2 minutes of rock-paper-scissors, 2 minutes of numeric memory, 2 minutes of color match-
ing, 2 minutes of calculations, and a cool down. Brain function tests were performed individually throughout the
programs by functional near-infrared spectroscopy. [Results] The oxyhemoglobin levels significantly increased in
the frontal lobe of the intervention and control groups after program completion compared to before. And the oxy-
hemoglobin levels of the intervention group also significantly increased more than control group in the prefrontal
cortex and motor area. [Conclusion] This program used by Cognibike was also effective for improving hemoglobin

oxygen levels at the frontal lobe in young males.
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INTRODUCTION

Exercise is an important part of a healthy lifestyle. It can improve physical health, mental health, brain function and reduce
the risk of developing several chronic diseases (e.g., cardiovascular disease, diabetes, cancer, hypertension, obesity, depres-
sion and osteoporosis) and premature death!?). Recent evidence have shown that long-term exercise can not only lead to
structural changes of the brain, but also prevent age-related cognitive decline®. Short-term effect of exercise would improve
brain functions by increasing cerebral blood volume and oxygen levels in the brain. Mild cycling exercise can increase
oxygenation of the prefrontal cortex®), induced arousal system and result in improves executive function®.

Cognitive training is another type of exercise that focused on improving brain function. The design of brain stimulation
programs must be related to the function of the brain, including stimulating; thinking process, analysis, learning, memory,
using languages together with the attraction and interesting. Previous study suggested exercise with dual task has significant
benefit on cognitive function compared to single task exercise. The dual task exercise such as digit backward test with a cycle
ergometer exercise can improved performance changes on cognitive tests in young and elderly®). However, from literature
review, there are reports of physical function and cognitive function through implementation of dual tasks. But there have
been no reports of dual task using Cognibike related to the effect of brain function.

To address this issue, we used a dual task exercise which is a combination of cognitive training task and cycling ergometer
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task for evaluate brain activity by use function near-infrared spectroscopy (fNIRS) measure oxygenation changes during and
after exercise. The purpose of the study was to investigate the cerebral oxygenation changes in the prefrontal area in response
to dual task exercise which is a combination of cognitive training task and cycling ergometer task in healthy young adult.

PARTICIPANTS AND METHODS

Twenty right-handed Japanese male who studied at Teikyo Heisei University aged between 20 to 25 years participated
in the study (mean age 21.2 + 0.6 years, height 172.6 + 4.8 cm, weight 64.7 + 6 kg). All participants were in good physical
and mental health condition; they had no history of any major psychiatric disorder, neurological disorder, substance abuse,
head injury, major physical illness, communication problem, or visual problems and listening problem. This study was
approved by the Ethics Committee of Teikyo Heisei University (approval No. 29-115). After the information was given and
the participants submitted a written consent, participant was randomly assigned into 2 groups, 10 participants in the single
task group (ST) and 10 participants in dual task group (DT) by using simple random sampling.

Function Near-Infrared Spectroscopy (fNIRS) were conducted to evaluate brain function of frontal lobe. Brain activity of
prefrontal cortex and premotor cortex were recorded throughout the experiment. fNIRS is measured through hemodynamic
responses which associated with neuron behavior. The hemodynamic activity was monitored using a continuous wave multi-
channel fNIRS (SHIMADZU Corporation, Japan) using two wavelengths of near infrared light (780 and 830 nm) which
was adopted to monitor cortical hemodynamic changes. Oxygen hemoglobin (Oxy-Hb) and deoxygenated-hemoglobin
(deoxy-HDb) are stronger absorbers of light. And also, readily diffuses easily through biological tissue, can be used to measure
localized blood oxygenation levels of the brain to monitor where activity occurs in response to a task or stimulus. This
method allowed us to calculate signals reflecting the oxy-Hb, deoxy-Hb, and total hemoglobin (total-Hb) concentration
changes, calculated in units of millimolar-millimeter (nMsmm)”). The oxygen hemoglobin and the deoxygenate hemoglobin
signals were analyzed and sampling rate was set at 10 Hz. The optical data from fNIRS was analyzed based on the modified
Beer-Lambert law®.

The fNIRS probes covered the prefrontal cortex and premotor cortex activation. Two sets of 4 x 2 multichannel probe
holders were used. These consisted of 8 illuminative and 8 detective probes arranged alternately at an inter-probe distance of
3 c¢m, resulting in 8 channels (CH) per set. Divide the area of the brain into 4 parts® !9 (Fig. 1).

Both groups practiced cognitive task from cognitive training program of Cognibike but only DT practiced cognitive dur-
ing cycling ergometer. The Cognibike is an innovation of new workout that can exercise with cyclic ergometer and practice
cognitive training in the same time as presented in Fig. 2. Cognibike exercise was based on the concept of “cognicise” that
promote by the national center of Geriatrics and Gerotorogy as an exercise program to prevent dementia. Procedure of
experimental design was shown in Fig. 3 (A). Participants in ST group received cognitive program training while sitting on
Cognibike following step of warm up with touch screen practice 2 minutes, cognitive program training 8 minutes and cool
down with relax sitting 5 minutes. DT group received series of exercise including; 5 minutes warm up with riding ergometer
at 50 rpm speed with load, without load and with touch screen practice respectively, 8 minutes of cognitive training with ride
bicycle with load 30 watt in the same time and 5 minutes cool down with riding ergometer at 50 rpm speed without load. The
cognitive training tasks which used in this study consisted of Rock-paper-scissors, Numeric memory, Color matching and
Calculation. Each program takes 2 minutes from easy to difficult respectively (Fig. 3B). Brain activities of both groups were
measured by fNIRS continuously throughout the experiment.

After data extraction to a personal computer with Microsoft excel, analysis was conducted at eight different time points:
before programs, warm up, each program, cool down, and after programs. The average data used is oxygen hemoglobin only.

Statistical analysis was performed using SPSS v.22 for Windows. Data are expressed as mean values with standard devia-
tions. Variable data for ST and DT were compared using the independent t-test. Within-group change in oxygen hemoglobin
level between pre-intervention and each program, was evaluated using One-way ANOVA test. P<0.05 was considered sta-
tistically significant.

RESULTS

Characteristics of the participants in Table 1 shows the characteristics of the DT group (n=10) and the ST group (n=10).
There were no significant differences observed between two groups in age, gender, and BMI.

Oxy-hemoglobin in prefrontal cortex in two groups were shown in Table 2. There were no significant differences between
before cognitive training for the ST and DT group. Oxy-hemoglobin in prefrontal lobe and left premotor cortex showed
significant increase in DT group than ST group in calculation task and after used cognitive training (p<0.05). Whereas,
oxy-hemoglobin in right premotor cortex were not significantly different between groups.

DT group showed more increase of oxy-hemoglobin in supplement motor area during numeric memory task than ST
group (p=0.03) which was significant.
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Fig. 1. Measurement area at the frontal lobe. Chanel 1-10: Prefrontal cortex, Chanel 11-20: Premotor cortex divided
into 3 subdivisions, including Chanel 11, 14, 18: Left premotor cortex, Chanel 12, 15, 16, 19: Supplementary
motor area, and Chanel 13, 17, 20: Right premotor cortex.
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Fig. 2. Cognibike. Retrieved from: Start of functional training to prevent dementia at TSUKUI Day Service®.
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Fig. 3. (A) Experimental design, consisting of the single task (ST) and dual task (DT) conditions. Frontal lobe hemo-
dynamic changes were continuing monitored with functional near-infrared spectroscopy (fNIRS) throughout
the experiment. (B) Illustration of cognitive training including of 4 tasks; 1) Rock-paper-scissors is a memory,
thinking and resolving task, 2) Numeric memory is a short-term memory task, 3) Color matching is an analyti-
cal thinking, long term memory and thinking task, and 4) Calculation is thinking task.
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Table 1. Characteristics at baseline measurements in both intervention and control groups

Intervention group N=10  Control group N=10  p value

Age (years) 21£0.5 21.4+£0.7 0.06
Gender (Female/male) 0/10 0/10 N
BMI (kg/m?) 21.8+2.1 21.3+1.7 0.35

Data are expressed as mean + SD.

Table 2. Comparison of oxy-hemoglobin in frontal lobe between dual and single task groups

Task Prefrontal cortex Left Premotor cortex Right Premotor cortex Supplementary motor area
as|

DT ST F p DT ST F p DT ST F p DT ST F p
Before 0 0.02+0.02 0.84 0.37 0£0.03 0.02+0.01 0.84 0.37 0.01+0.02 0+0.04 0.14 0.71 0+0.01 0.01+0.04 0.58 0.46
(Touch screen)
Rock paper

scissors 0.02+0.01 0.01+0.02 0.03 0.86 0.01=0.03 0.02+0.02 0.03 0.86 0+£0.02 0.01+£0.04 1.31 0.27 0+0.01 0.01+0.03 2.09 0.17

Numeric memory 0.02+0.02 0.02+0.02 2.68 0.12 0.02+0.04 0.02+0.02 2.68 0.12 0.01+£0.03 0.01+0.04 0.44 0.52 0£0.03 0.01+£0.03 525 0.03*
Color matching 0.06+0.06 0.04+0.04 1.58 0.23 0.06+0.05 0.04+0.04 1.58 0.23 0.02+0.03 0.01 £0.06 0.03 0.88 0+0.03 0.01+0.03 3.84 0.07
Calculation 0.06 = 0.06 0.03+0.02 5.56 0.03" 0.06+0.04 0.03+0.02 5.66 0.03* 0.02+0.03 0.02+0.05 0.07 0.80 0+0.03 0.02+0.03 2.47 0.13
Cool down 0.10+0.09 0.04+0.01 3.37 0.08 0.09+0.04 0.04=0.01 3.37 0.08 0.03+0.03 0.02+0.04 0.55 0.47 0.01+0.03 0.02+0.04 2.62 0.12
After training 0.07 £0.07 0.04+0.01 5.88 0.03" 0.07+0.04 0.042+0.01 5.88 0.03* 0.03+0.03 0.02+0.04 1.90 0.19 0.01+0.03 0.01 +0.04 2.40 0.14

Data are expressed as mean = SD. DT: dual task group (n=10), ST: single task group (n=10) *Significance was set at p<0.05.

DISCUSSION

This study examined effect of cognitive training (single task and dual task) on frontal lobe activation by measuring
changes in the concentration of oxy-hemoglobin levels in the frontal lobe using fNIRS during a cognitive program. The
results have been confirmed effectiveness of cognitive program training (single task and dual task) for increased brain activity
in healthy male young people. Both single and dual task training with Cognibike induced oxy-hemoglobin improvement in
frontal lobe, but dual task has more significant improvement in difficulty task and at the end of exercises.

Increased oxy-hemoglobin levels at frontal lobe are associated with cognitive program training, which affects to increase
executive brain function. Previous studies related to the four programs, such as Pock-Paper-Scissors task can increase in
the frontal region, especially the lateral prefrontal area'). NIRS study using the ‘to lose’ Rock-Paper-Scissors task increase
to oxy-Hb in the laterally dominant prefrontal cortex in adults'?. The study about the arithmetic network. Showing dorso-
lateral prefrontal cortex (DLPFC) and ventrolateral prefrontal cortex (VLPFC) were related to the calculation mechanism
etc!?). Which reviewed several areas of research suggesting a close neural link between, and substantial co-activation of the
cerebellum, critical for complex and coordinated movement, and DLPFC, critical for executive function. Showing that the
cerebellum seems to be important for complex cognitive functions as well as complex motor functions; likewise, the DLPFC
seems to be important for complex motor functions as well as complex cognitive functions'¥. And also, the neuroimaging
studies have revealed that the DLPFC plays a significant role in the performance of a working memory task!> 19,

The pattern of the cognitive program training should have a direct effect on the brain’s function. From the previous research
of Brondmann’s area 10 observed increased recruitment of the rostral parts of Brondmann’s area 10 in multi-tasking conditions
compared to a control task!” '), consistent with the present and previous research in young adults. Finding of prefrontal cortex
activation during multitasking confirms the relationship between dual tasking and prefrontal lobe function'®). Moreover, our
findings show that oxygen hemoglobin levels were different during ST and DT. ST apparently do elicit a large increase in
blood oxygenation in the frontal area as this could be considered a relatively simple motor task, as least in healthy male young
people. Conversely, oxygen hemoglobin levels were much higher when the DT. Consistent with the previous research in young
adults. Findings show that oxygen hemoglobin levels were not different during quiet standing and usual-walking. Usual-walking
apparently does not elicit a large increase in blood oxygenation in the frontal area as this could be considered a relatively simple
motor task, as least in healthy young adults. Conversely, oxygen hemoglobin levels were much higher when the walking task
was paired with either simple counting or a more complex DT'?. So, increasing the oxygen hemoglobin at frontal lobe. It has
a direct effect on the increasing work of working memory and executive brain function. However, the direction of increasing
oxygen hemoglobin between ST and DT was also observations as well as the study Doi et al.??, although the younger partici-
pants showed slightly higher baseline levels of activation than the patients with mild cognitive impairment. Thus, it is likely that
oxygenation levels in response to a DT may be affected by age and disease, decreasing the initial activation level and limiting
the hemodynamic response and the ability of the brain to adapt to complex situations. This is consistent with the hypotheses
explaining possible mechanisms of diminished DT performance in older adults?! 2,

The pattern of the cognitive program training consists of 4 successive programs. It can help stimulate brain function in the
frontal lobe. This is similar to their assumption that Hiroyuki Suzuki said the frequent use of brain neural network strengthens
its connections and helps to prevent possible morbid invasions?®). Which the programs focuses on repeated training to brain
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thinking and learning. But this study was not conducted in the same way as the elderly. Therefore, it is not possible to sum-
marize the relationship with age and experience. Because as age increases, it correlates with the experience and degeneration
of various systems in the body.

In addition, exercise and cognitive program training (DT) both increase cerebral blood flow (CBF). From the previous re-
search found that exercise-induced cognitive improvements is that increased CBF makes more oxygen and glucose available
for metabolic functions and improves the clearance of metabolic waste?* 2. And facilitating neurogenesis, synaptogenesis
and neurotrophins?®31). Especially, Brain-derived neurotrophic factor (BDNF). BDNF is a protein that promotes neuroplas-
ticity: the growth and survival of neurons, regulation of axonal and dendritic branching, and synaptic transmission. Which
improve memory and cognitive functions®?3%. Moreover, increases of the volume of hippocampus of >2% together with
plasma concentration of brain-derived neurotrophic factor (BDNF) were also observed in older healthy participants and in
individuals with AD following one year of moderately intense aerobic exercise (3 days per week, 40 min per session)3® 37,
However, aerobic exercise on serum BDNF levels has generated complex findings. In young adults have documented signifi-
cant transient increases of circulating BDNF with short-term aerobic exercise’®*!. Thus, 5 weeks of chronic aerobic exercise
in young adults was associated with increased levels of circulating BDNF*?). Although, this study found that the increase in
oxygen hemoglobin may be the effect to BDNF. But, on this study is not directly measured BDNF level. So, in the future
research, should study more about the effect of BDNF level by cognitive program training (Dual task) for young people.

This study has three limitations. First, this research is conducted in male young people. The brain is in full development
phase, so it may need to be studied at other ages and in female. Second, the program used to stimulate the brain of all four
programs to stimulate the brain function continuously for only a short time. Therefore, it may not be possible to conclude that
this program can provide long-term brain function stimulation. Third, the application of the program to stimulate the brain
function. It is necessary to use all four programs continuously. Therefore, application of one or two programs may not only
stimulate frontal activity as described above.

The young male people participated in the cognitive program training achieved significant improvement in oxygen hemo-
globin at frontal lobe. Especially, prefrontal cortex, left premotor cortex and supplementary motor area. Clearly showing the
beneficial effects of cognitive program training (Dual task) can stimulate oxy-hemoglobin at frontal lobe more than cognitive
program training (Single task). However, using the program together with exercise can stimulate the brain rather than using
the program alone. Future research should be applied to the elderly or elderly people with mild cognitive impairment. To see
the clear results. Application of basic principles related to basic functions of the frontal lobe using Cognibike is convenient,
safe and stimulating or promote the brain working. Also, it can prevent Dementia for elderly in the future.
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