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Abstract

Introduction: Dual-task (DT) exercise can act as a substitute, which can help improve

both physical and cognitive functions. Thus, this study investigated the effects of a

game-like cognitive DT exercise called “Synapsology” (SYNAP) among the oldest res-

idents of a nursing home.

Methods: Participants (aged 85–97 years) were assigned to the intervention group

(n= 12) and the control group (n = 12). The intervention group underwent 60-minute

sessions, twice a week for 24weeks.

Results: A comparison of the Mini-Mental State Examination scores and six physical

function tests, before and after the intervention, shows that the SYNAP had a positive

impact on the cognitive and physical functions among the intervention group.

Discussion: These findings suggest that SYNAP may help maintain or improve cogni-

tive and physical functions among older adults compared to no interventions. There-

fore, SYNAPwould act as a beneficial tool amidst a “superaging” society like Japan.
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1 HEAD AND TAIL OF SUPER-AGING SOCIETY:
JAPAN

According to the World Health Organization (WHO),1 the population

of Japan has the longest life span, averaging 84.3 years. Furthermore,

Japan has already become a “superaging” society. This increased aver-

age life expectancy has been enabled by medical advancements. In

addition, the national health insurance and long-term care insurance

system facilitate this phenomenon in Japan.

In long-lived societies, as the birthrate declines and the population

ages, the population pyramid changes into an inverted triangle. Indi-

viduals over 70 and 80 years account for 21.5% and 8.9% of the total

population, respectively. According to the JapaneseMinistry ofHealth,

Labour, and Welfare,2 the incidence of dementia increases exponen-
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tially after the age of 65, and it is predicted that by 2025, one in two

people (55%) aged 85 years or older will suffer from dementia. Con-

sidering these situations, the Nursing Care Insurance Act system was

implemented in 2000, to address various problems related to older

adults that are faced by society. Approximately 50% of the financial

resources are secured by collecting insurance premiums from work-

ers aged 40 and older, while the other half is covered by the govern-

ment. Older adults with dementia need long-term care (namely, Long-

Term Care Insurance System), which imposes a substantial personal

and societal burden.3 Indeed, Japan has faced considerable financial

burden and difficulties related to providing care for them. Thus, there

will be an increase in the phenomenon of “aged care,” in which older

adults care for those older than them. Therefore, one of the major

goals of the Japanese government is to extend a “healthy lifespan”—

Alzheimer’s Dement. 2022;8:e12276. wileyonlinelibrary.com/journal/trc2 1 of 6

https://doi.org/10.1002/trc2.12276

https://orcid.org/0000-0003-2934-8337
mailto:yoon.jieun.fu@u.tsukuba.ac.jp
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/trc2
https://doi.org/10.1002/trc2.12276


2 of 6 YOON ET AL.

that is, to maintain Japan’s older adult population’s health and well-

being. Subsequently, public awareness regarding the importance of

healthy lifestyles has increased. Moreover, the “Sports Promotion Lot-

tery Law” was enacted in 1998 to promote healthy lifestyles. Conse-

quently, numerous public sports facilities and sport activity societies

for older adults have emerged throughout Japan. However, although

there are such nationwide infrastructures in place for older adults,

no intervention that can help maintain or enhance their cognitive and

physical functions has been presented. Because no practical, scientif-

ically validated program has been proposed to delay or prevent mild

cognitive impairment (MCI) and Alzheimer’s disease (AD), there is a

strong demand for an effective intervention to help older adults in

Japan.

2 REASONS TO SUBSTITUTE MEDICATION
THERAPY WITH DUAL-TASK EXERCISES AMONG
OLDER ADULTS

Becausewe, as human beings, hope to have normal cognitive and phys-

ical functions until our death, scientists involved in AD research are

trying to achieve this through science and technology that is currently

available. For example, although the breakthrough medical treatment

antibody aducanumab reduces amyloid bet (Aβ) plaques4 in the brain,

the daywhen humankind overcomesAD is still far away. There are very

few scientifically possible measures to meet such needs thus far. How-

ever, the difficult questions about how to continue to maintain cogni-

tive function in an aging society and how to prevent the onset of AD

must be answered.

Various diseases cause dementia; however, it is difficult for the

oldest population to take special precautions other than antidemen-

tia medication therapy due to its high costs and ambiguous effects.

Although antidementia medications can be helpful for patients with

AD, these medications have various side effects, especially in older

adults.5–6 In Japan, apart from medication, there are no specific pro-

grams to help improve cognitive function in the oldest population;

thus, there is a need for effective interventions. Furthermore, finan-

cial cost is a barrier for the older adult population to engage in phys-

ical activities.7 Therefore, the ideal treatment must include low-cost

physical activities,8 and supplements,9 in place of medication therapy.

Of these, according to the WHO’s recommendation, physical activity

(e.g., aerobic, resistance training, and multicomponent physical activi-

ties)maybe the best solution for this problem.10 It is beneficial for both

the physical and mental health of most of the older adults, especially

those with cognitive impairments, such asMCI and AD.11–17 However,

many of the studies regarding this have not quantitatively assessed

how physical activity reduces MCI and AD. Therefore, it is unclear

what kind of physical activity is beneficial and how such activities must

be conducted to achieve these beneficial effects. Recently, dual-task

(DT) training/exercises have attracted extensive attention in the field

of gerontology. Dual-task exercise refers to when specific cognitive

andmotor tasks are performed simultaneously to improve the selected

cognitive or physical functions.18–20 Evidence consistently shows that

RESEARCH INCONTEXT

1. Systematic review: We searched PubMed using the

terms “most elderly,” “oldest,” “dual task,” “dual-task,”

“cognitive function,” and “physical function” from January

1, 2000.

2. Interpretation: This study is the first to evaluate a game-

like dual-task (DT) intervention for the most elderly

residents of a nursing home. Findings: By performing a

cognitive dual-task (DT), the cognitive function (MMSE)

and the six items of physical function were improved in

the experimental group receiving the intervention com-

pared to no intervention. This indicates that this unique

DT may help to improve cognitive and physical function

abilities in themost elderly population.

3. Future directions: Future research on the underlying

mechanisms would help evaluate the interactive influ-

ence of SNAYP and cognitive function in the human brain

by fMRI/FDG-PET. In addition, amethod of quantitatively

measuring amyloid beta (Aβ) in serum samples byMALDI-

TOFMS is needed to gather powerful evidence for under-

standing the cognitive function changes.

both physical and cognitive training have the potential to maintain

cognitive functioning in aging individuals and that successively com-

bining them amplifies the effect. Dual-task and physical exercise, to

our knowledge, cannot treat patients with AD. However, if DT is more

effective in improving cognitive and physical functions among older

adults, compared to medication therapy, it may help prevent or delay

AD onset. Therefore, combining therapies is expected to help address

the problems faced by the most elderly. To the best of our knowledge,

existing studies have not explored which DT exercise is more bene-

ficial for older adults. Moreover, the mechanisms underlying cogni-

tive and physical functions are multitudinous and interact in complex

ways. Despite the several answered scientific questions related toDT’s

effects on cognitive and physical functions, our current understand-

ing points to specific solutions and answers therein. Therefore, we aim

to maintain and prevent the deterioration of older adults’ cognitive

functions throughgaining an in-depthunderstanding of cognitive train-

ing and developing the DT intervention accordingly. Additionally, if the

purported benefits of DT are accurate, accelerating the spread of DT

will be beneficial for older adults.

3 CONSOLIDATED RESULTS AND STUDY
DESIGN

3.1 Synapsology program (details in supporting
information and Video 1)

To clarify the beneficial effects of physical activity, which was rec-

ommended by the WHO, and to overcome the weaknesses of simple
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F IGURE 1 Design and its brain activation of “Synapsology” (SYNAP; games combinedwith number-counting, calculation, memory,
problem-solving, visual color recognition, enumerating words, etc.). A, First session: rock, paper, scissors (RPS) game, (B) second and third sessions:
pass the colored balls game. The program consisted of 60-minute sessions twice a week for 24weeks. The sessions were conducted in groups of
five to seven participants with one instructor to help themmaintain their concentration. The SYNAP group (SG) beganwith a 10-minute warm-up
of breathing and flexibility exercises for the upper and lower body, followed by a 45-minute SYNAP task. The program endedwith 5minutes of
breathing and stretching exercises to cool down (see details in supporting information)

and conventional DT, we conducted a unique DT to maximize the cog-

nitive and physical functions of the brain. Considering the relation-

ship between DT exercise and cognitive function, a unique DT exer-

cise method, “Synapsology” (SYNAP), may help improve cognitive and

physical functions of the most elderly. SYNAP, which was developed in

2011,21 is a game-likeDTexercise program that is safe andeffective for

older adults with cognitive impairments.22

The SYNAP, which includes both physical and cognitive games, uses

a multidisciplinary approach to stimulate brain activity and thereby

improve cognitive and physical functions (Figure 1). The DT program

is helpful and ideal because it is simple and enjoyable, similar to a game.

For example, playing the rock-paper-scissors or colored ball games

while performing a simple calculation or short-/long-term memory

word task activates the functions of the frontal (responsible for motor

function, problem-solving, short-term memory, and language), tempo-

ral (responsible for visual and sound processing, long-term memory,

and problem recognition), and occipital (responsible vision processing)

lobes. The SYNAP activates the brain’s cognitive functioning and the

entire brain to control the body, compared to other interventions that

use a more conventional and simpler DT.18–20 In addition, the SYNAP

wasdesigned to include traditional Japanese games so that older adults

understand it better and are more motivated to continuously partici-

pate in it. Indeed, our previous study showed that themotor ability and

cognitive function of older adults aged 65 years and older (mean age

of 70.6 years), who participated in the SYNAP intervention (60-minute

sessions, twice aweek, for 8weeks) improved significantly or remained

stable.22 Therefore, it is worth extending the benefits of SYNAP to a

difficult target population, such as the oldest adults.

TheSYNAPdoesnot require any special tools or facilities; therefore,

it is cost-efficient. It can be applied anywhere in theworld (see support-

ing information). For example, in theUnitedStates, it canbemodified to

include culturally relevant childhood games (e.g., Duck, Duck, Goose)

along with long-term memory tasks (e.g., childhood nickname); this is

expected to simultaneously activate all the parts/functions of thebrain.

Consequently, the cognitive and physical functions of older adults will

bepositively impacted. Thekeyhere is to incorporate simplicity and fun

into the tasks so that it can be continued on a regular basis.

3.2 Synapsology program trials among the oldest
nursing home residents

3.2.1 Designing a SYNAP trial

Participants were residents of a nursing home facility in Machida

City, Tokyo, Japan. Initially, patients with dementia were excluded;

thus, only those without cognitive impairment were included. The 24

participants were randomly assigned to the SYNAP group (SG; n= 12)

and the control group (CG; n= 12; Table S1 in supporting information),

after which they completed the 24-week trial (Figure S1 in supporting

information).

In general, in Japanese nursing homes, themost elderly are predom-

inantly patients with dementia. This is due to the burden, related to

long-termcare, on the family. In addition, it is difficult to obtain the con-

sent of the facility’s medical personnel and their families who are con-

cerned about the effects of this physical-intervention study. These are

significant obstacles formany researcherswho understand themecha-

nism of the brain and aim to maintain cognitive function and prevent

AD. However, all participants provided written informed consent for

their participation in the study.
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F IGURE 2 Individual tested items of cognitive and physical functions in the oldest nursing home residents. Empty red circles (SG) and blue
squares (CG) represent the participants’ change from baseline. CG, control group;MMSE,Mini-Mental State Examination; SG, SYNAP group;
SYNAP, Synapsology; TUG, timed up and go. *P< .05

The mean ages of the participants in the SG and CG (Table S1)

were 89.9 years (range: 86–97) and 90.3 years (range: 85–96), respec-

tively. The SYNAP consisted of 60-minute sessions, twice a week, for

24 weeks. The CG did not receive the intervention; however, they per-

formed regular activities of daily living during the study period. The

participants in the SG expressed that they would like to continue with

the intervention (participation rate = 100%) because it was fun and

similar to a game.

There were no significant differences in baseline characteristics

such as age, height, body weight, and body mass index between those

in the SG and CG (Table S1). The participants had the typical body

and health conditions observed in Japanese adults of this age group.

Despite the participants being the most elderly, they were healthy for

their agebecause thenursinghomewasapremier facility that provided

good medical care and health management. Unfortunately, we were

unable to compare the relationship between the effect of SYNAP and

the participants’ educational background because we could not obtain

information regarding it from their families.

3.3 Evaluating a SYNAP trial

3.3.1 Cognitive function

The Mini-Mental State Examination (MMSE; score range: 0–30) was

used to assess the cognitive function of the participants. Those who

received a score less than 21 were diagnosed with dementia.23

Using the MMSE questionnaire, the researchers conducted one-on-

one interviews of the participants.

Based on the results pertaining to cognitive functions (Figure 2,

Table S2 in supporting information) in Japanese cross-sectional stud-

ies using MMSE scores (range: 1–30), adults with a mean age of

82.3±6.6 years show scores of 23.8±2.0, which is considered MCI.24

From the baseline of this study, the CG group had a similar result

(24.2: MCI) to that of a previous study; however, the SG group had a

slightly higher score (25.9:MCI) for their age. Cho et al.25 reported that

lower limb aerobic-based exercise (40 minutes, three times per week

for 6 months) was effective in improving physical function and mental

health among Japanese older adults (86.2±1.5 years). Our trial showed

that theMMSE score improved from 25.9±3.3–28.3±1.6 (normal cog-

nition) compared to findings fromCho et al.25 (24.13–25.13:MCI). This

result pertaining to cognitive function may be influenced by the areas

of the brain that were activated by the DT program. In other words, it

is possible that cognitive function improved after SYNAP intervention.

Therefore, we infer that it may be beneficial for older adults to regu-

larly engage in DT activities.

3.3.2 Physical function evaluation

In general, it is well known that cognitive function is closely associ-

atedwith physical function. To evaluate the effectiveness of SYNAP,we

measured six items of physical function,26 which included a cognitive

function, the 48-peg moving task,27 5-times sit-to-stand,28 a 6-meter

habitual walk,29 timed up and go (TUG),30 a one-leg balance with eyes

open,31 and a grip strength32,33 in the pre- and post-trial. Among the

participants, one or two persons did not participate the 5-times sit-to-

stand, the 6-meter habitual walk, and TUG as they were wheelchair

users. In addition, participants in both groups who used a cane, push-

cart, or wheelchair were unable to participate in the physical activities.

Participants in the SG, after the 24-week intervention, showed pos-

itive outcomes in all the items, compared to those in the CG (Figure 2,

Table S2). The results indicate that the SYNAP intervention improved

overall physical function. Among the items, the outcomes pertaining
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to the 48-peg moving and one-leg balance with eyes open tasks were

significantly different between the groups. The SG, compared to the

CG, demonstrated significant improvement in these items. Addition-

ally, the CG’s response time in the 48-peg moving task was much

slower than that at baseline. In other words, if a DT exercise such

as SYNAP is not performed and the cognitive function of the brain

is not stimulated, physical function/reaction appears to slow down.

The TUG task’s results provide more information regarding mobil-

ity because it measures cognitive capacity during simultaneous motor

tasks.34 The TUG activity is strongly associated with cognitive capac-

ity, and the effective performance of the TUG depends on a person’s

cognitive function. Thus, the TUG test is a convenient method for eval-

uating cognitive function in older adults. Our results showed that the

main effect of TUG was significantly different between the SG and CG

(P < .003). Hiyamizu et al.35 also demonstrated a significant improve-

ment in TUG (P < .002) through a DT intervention program consisting

of strength/balance trainingwhile performing cognitive tasks. This pro-

vides further evidence to support the notion that an effective DT pro-

gram improves cognitive function and may also improve physical func-

tion. Therefore, DT may lead to cognitive and physical improvements

in participants. Indeed, cognitive function improved after the SYNAP

intervention, especially task-switching and response speed. Addition-

ally, mild exercise incorporated into DT improves executive function

in older adults. A study by Grothe et al.36 demonstrated that this is

due to mediation by the exercise-induced arousal system and cortical

activation in task-related prefrontal subregions. From the spatial pro-

files obtained through functional near-infrared spectroscopy (fNIRS),

strong signals were visible in the forebrain and lateral brain during

exercise. In other words, it can be said that cognitive function is closely

related to motor function. Therefore, SYNAP, which incorporates mild

physical activity, may be appropriate for strengthening the physical

functioning of the oldest population.

4 CONCLUSION

To the best of our knowledge, this study is the first to examine the

effects of this unique cognitive-motor DT program for the oldest pop-

ulation. The 24-week game-like DT program—SYNAP—maintained or

improved the cognitive and physical functioning of the most elderly

with normal cognitive functions, compared to those who did not

receive the intervention. Therefore, it is assumed to have beneficial

effects by efficiently activating the role of each regionof thebrain. That

is, this effectivenessmaybebecause the frontal, temporal, andoccipital

lobes are activated while playing games that involvemovement.

Therefore, the SYNAP can be an effective DT program for older

adults to help improve and maintain their cognitive and physical func-

tions. Additionally, it may help improve quality of life, when used as

a social exercise in retirement homes and municipal sports facilities

in Japan. Because this DT intervention is expected to be a useful tool

for maintaining and improving the cognitive and physical functions of

older adults, we aim to help address the problems faced by older adults

worldwide through further large-scale verification in Japan.

Therefore, these findings suggest that SYNAP will be a useful addi-

tion to the social and recreational activities of older adults, especially

in a “superaging” society such as Japan.

However, because this is a small-sized intervention study, it is

necessary to quantitatively examine the effect of this DT interven-

tion further. In recent years, the accumulation of Aβ in the brain

has been found to be the reason for the onset of AD. Thus, we are

now trying to address this problem by simultaneously monitoring

Aβ and the mechanisms underlying physical functions in the elderly,

using enzyme-linked immunosorbent assay and matrix-assisted laser

desorption/ionization–time of flight mass spectrometry. Furthermore,

we plan to use fNIRS to investigate the change in the “signal trans-

duction pathway” that occurs simultaneously in all the regions of the

brain in response to cognitive tasks and movements through real-time

monitoring. This will elucidate whether the biological effects of DT

are mediated by or lead to clinical or behavioral changes in the near

future.
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