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Introduction: The current study investigated the relationship between the
characteristics of a darts game, including the throwing motion toward a target,
and mild cognitive impairment (MCI). To this end, we examined the
associations between cognitive function and mental health, and the shift in
center of gravity while throwing darts. In a preliminary investigation, a 1-month
dart game intervention was conducted among older individuals living in the
community. The participants were divided into the non-MCI and MCI groups,
and the relationship between center of gravity movement during throwing and
the presence of dementia was examined.

Methods: The intervention lasted for 1 month and was tested on healthy older
individuals (aged > 65 years) recruited from the community. The Japanese
version of the Montreal Cognitive Assessment and the Trail Making Test was
used to assess cognitive function. Mental health was evaluated using the
Kessler Psychological Distress Scale and the Subjective Well-being Inventory.
The center of pressure was analyzed to determine the center of gravity shift
during dart throwing.

Results: The analysis of factors influencing the determination of the MCI score
during the intervention revealed a tendency for the center of gravity shift to
be associated as a protective factor in the non-MCI group, although this
association did not reach statistical significance (odds ratio = 0.942, p = 0.084).
In the MCI group, a significant effect of age was observed in the MCI score
(odds ratio = 1.539, p = 0.007).

Conclusion: The current findings suggest that conducting center of gravity shift
testing could potentially provide a helpful tool for predicting early decline in
cognitive function.
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1 Introduction

When humans throw an object at a target, the target is
recognized by the visual cortex, temporal association cortex,
parietal association cortex, and prefrontal area, enabling the
coordination of somatic sensations in the body and positional
information regarding the target. Decisions regarding throwing
are made via processing in the prefrontal area. Based on the
obtained

throwing movement is planned in the motor association cortex,

information, the motion for the most efficient
which is then carried from the primary motor area as output
information via the vertebra. The result of the throwing
movement is compared between the expected and actual
sensory feedback in the parietal association cortex and
cerebellum to identify accidental errors (1). Motor learning then
determines how the next throw should be most efficiently
performed for the movement task (2). The game of darts
involves a repeated throwing motion directed at a target. When
throwing darts, in addition to arm swinging, a forward shift of
the center of pressure (COP) is necessary. Playing darts requires
limb and trunk support ability, balance capacity, spatial
perception ability, and center of gravity shifting. Schleien et al.
(3) investigated the effectiveness of darts skill improvement and
sensory feedback in disabled adults by calculating and aiming at
a target. Goto et al. (4) suggested that measuring the center of
gravity shifting was potentially useful for detecting cognitive
decline at an early stage. Thus, the game of darts, which
involves a throwing motion aimed at a target, contains elements
of dual-task training and may be related to cognitive function
in older people.

The 2019 guidelines from the World Health Organization
recommend engaging in physical exercise to prevent cognitive
decline in individuals with normal cognitive function (5).
Intervention studies using dual-task training, including physical
exercise, have been reported to have benefits for individuals with
mild cognitive impairment (MCI) and healthy older adults (6, 7).
In addition, it may be useful to evaluate not only the movement
of the body during physical exercise interventions but also the
process of moving the body, such as shifts in the center of
gravity. In a previous study, we used a driving simulator to
elucidate delayed responses in older individuals and examine the
process of moving the body (8). The associations between
throwing interventions, such as aiming in a darts game, and
physical activity, including changes in the center of gravity, and
cognitive function, are unknown.

As a pilot study, a darts game intervention study was
conducted. To test the association between dementia and the
movement of the center of gravity during throwing, older people
living in the community were recruited, and the participants
non-MCI and MCL The
participants were examined using the Japanese version of the
Montreal Cognitive Assessment (MoCA-J) (9). The cohort was
then divided into two groups (non-MCI and MCI) based on
their MoCA-] scores. The study investigated the relationships

were divided into two groups:

between cognitive function and mental health characteristics,
center of gravity shifting for throwing darts, and MCI score.
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2 Methods
2.1 Trial design

A darts game intervention study was conducted. The participants
were categorized into two groups (non-MCI and MCI) based on pre-
intervention assessments. We examined the associations between
MCI scores and cognitive, mental, and physical functions before and
after the intervention, recognizing the pilot nature of the study. The
exclusion criteria included (1) the presence of a mental disorder,
such as a diagnosis of depression or dementia; (2) the inability to
respond verbally to questions due to difficulties with verbal
communication; and (3) the measurements needed for the study
were difficult to obtain.

2.2 Participants

The participants were healthy individuals aged 65 years or older who
volunteered to participate in response to a recruitment advertisement in
the M City official bulletin. This study was performed after receiving
approval from the ethics committee of the Prefectural University of
Hiroshima (no.: 18MHO031-01), and the protocol used was in
accordance with the Declaration of Helsinki. Informed consent was
obtained from all individual participants included in the study. Each
participant received a comprehensive explanation of the study
contents and methods in advance and provided written consent. The
participants were allowed to withdraw their consent at any time
during the study period. Written consent was obtained from 77
individuals, 69 of whom were enrolled as participants. Six participants
could not be followed up. After the intervention, we failed to obtain
measurements from six participants, one participant rejected the
assessment, and one participant was an outlier (Figure 1).

2.3 Interventions

For the darts game intervention experiment, an installation-type
darts machine (DARTSLIVE2 EX, DARTSLIVE Co. Ltd., Tokyo,
Japan) was installed at the community centers. The participants
were given a l-month communication program in which they
played the game of darts. Using the program, darts matches were
conducted with teams composed of three players, and the program
was used for communication among the team members. The
matches were played in rotation. Thus, the weekly activity time for
each participant was approximately 1-1.5 h. The participants were
expected to engage in darts match activities one to three times
(non-MCI group: average=2.71, min=1, max=4; MCI group:
average = 2.73, min = 1, max =4) per week. During the intervention
period, the participants were instructed to continue with the same
daily activities they engaged in before the intervention.

The intervention experiment activity was conducted for 29 days on
average [standard deviation (SD): 2.08, min: 26, max: 32], from February
to March 2019. Cognitive function and mental health, as well as physical
characteristics while throwing darts, were measured before and 1 month
after the start of the intervention. Teams were created to facilitate
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Sgrecned Screened prior to eligibility assessment (n =77)
_| Excluded (n=3)
"| * Notmeeting inclusion criteria (n = 3)
Enrollment
Assessed for eligibility (n=74)
Excluded (n=35)
| * Measurement failure (n =3)
* QOutlier (n =2)
Research participants (n = 69)
Before the intervention
Two groups according to the MoCA-J (n = 69)
|
Allocation
v A4
Before the intervention non-MCI group Before the intervention MCI group
(MoCA-J = 26) (n = 26) (MoCA-J <26) (n =43)
Received allocated intervention (n = 26) Received allocated intervention (n =43)
Follow up
v
Lost to follow-up Lost to follow-up
(n =2) (refused to participate) (n = 4) (refused to participate)
Assessment l
After the intervention non-MCI group After the intervention MCI group
=24 (n=39)
Excluded from analysis (n =2) Excluded from analysis (n = 6)
* Measurement failure (n =2) * Measurement failure (n =4)
* Outlier (n =1)
* Reject assessment (n = 1)
l Analysis
After the intervention for 1-month After the intervention for 1-month
Non-MCI MoCA-J=26) n=17 Non-MCI MoCA-J=26) n=13
MCI MoCA-J<26) n=5 MCI MoCA-J<26) n=20
FIGURE 1
Flow diagram of participants. MCI, mild cognitive impairment; MoCA-J, Japanese version of the Montreal cognitive assessment.

Frontiers in Rehabilitation Sciences 03 frontiersin.org


https://doi.org/10.3389/fresc.2024.1327494
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

Kawabata et al.

communication among the participants. The environment was adjusted
to allow the participants to take part in the intervention program. The
participants were divided into two groups (non-MCI and MCI) based
on the results of the examinations conducted prior to the
intervention. We analyzed the relationships between MCI score and
cognitive function and mental health, as well as physical
characteristics, before and after the intervention.

2.4 Outcomes

The MoCA-J and Trail Making Test were tested as cognitive
functions, and the Kessler Psychological Distress Scale was
measured as an assessment of mental health. The center of
gravity for throwing darts and arm-swinging acceleration were
measured as indicators of physical function during a game of darts.

2.4.1 Cognitive function

The MoCA-J and Trail Making Test Parts A and B (TMT-A,
TMT-B) were used to assess cognitive function. The MoCA-J is a
tool used for measuring MCI decline. It can evaluate multiple areas
related to cognitive function, such as attention function, ability to
concentrate, executive function, memory, language, visuospatial
ability, conceptual thinking, calculation, and orientation within a
short period (approximately 10 min). The total score is 30 points.
For the Japanese version, it has been reported that the normal range
is 26 points or higher (9, 10). The TMT-A is used as an index for
the maintenance of attention and selective ability, and the TMT-B is
used for measuring executive function. Although no standard value
has been set, these tasks are useful for determining effects because
they employ a sequential scale for time (11, 12).

2.4.2 Mental health

For the examination of depression and anxiety disorders, mental
health was assessed prior to the intervention using the Japanese
versions of the Kessler Psychological Distress Scale (K6) and the
Subjective Well-being Inventory (SUBI). The K6 is a screening
measure for mental illnesses, such as depression and anxiety
disorders, and is widely used as an index for expressing the
severity of various mental problems, including psychological stress,
within a general investigation. The total score ranges from 0 to 24
points, with a higher total score indicating more severe mental
problems (12). The SUBI is a questionnaire developed by the
World Health Organization and is used to evaluate subjective well-
being. The results are expressed as mental health and mental
fatigue scores (health scores and fatigue scores, respectively) (13, 14).

2.4.3 Physical function while throwing darts

To elucidate changes in physical function during the darts game,
the center of gravity for throwing darts and arm-swinging acceleration
while throwing were measured prior to starting the intervention. To
determine the center of gravity shift, a kinetic balance assessment
system (SS-FP40AO, SPORTS SENSING Co., Ltd., Fukuoka, Japan)
was used, and the center of pressure was calculated. The direction
toward the darts target was designated as direction X to acquire the
trajectory length, or COPx (m). The trajectory length toward both
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sides of the body perpendicular to COPx was measured as COPy
(m). Dart throwing was repeated three times. The average of the
three throws was obtained for both COPx and COPy. For
measuring acceleration, a compact wireless multifunctional sensor
(TSNDI121, ATR-Promotions Inc., Kyoto, Japan) was used, and the
average maximum acceleration (G) of three throws was calculated.

2.5 Sample size

The sample size was determined according to the 6-week
difference in MoCA score using G-power, based on the results of a
study conducted by Park et al. (15). The comparison of VAR before
and after intervention in the mild dementia group, with M1=17.7
(mean MoCA score before intervention), SD 1=3.4, M2=-209
(mean MoCA score after intervention), SD 2 = 3.4, two-sided o=
0.05, and power =90%, indicated a sample size of 21 participants
per group. This was increased to 22 (the minimum sample size of
the non-MCI group) to account for potential attrition, resulting in a
total sample size of 55. In this study, the participants were allowed
to withdraw their consent at any time during the study period.

2.6 Allocation

MoCA-] scores are considered valid for MCI screening when
the total score is 25 or lower (9). For the participants in the
present study, those with a MoCA-J score of 26 or higher were
classified into the non-MCI group, and those with a score of 25
or lower were classified into the MCI group, as MCI was
suspected. MCI scores at 1 month after starting the intervention
were determined in each group using the MoCA-J (Figure 1).

2.7 Blinding

The corresponding author created a consolidated table in which the
subjects were linked, anonymized, and assigned randomized numbers.
The measurer knew and measured only the randomized numbers. The
occupational therapists within the research group assessed cognitive
function and mental health, while the engineers in the same research
group analyzed the data from dart-throwing. However, the
conducted  the
measurements did not know whether each participant was in the MCI

occupational therapists and engineers who
or non-MCI group. The corresponding author, who knew whether
each participant was in the MCI or non-MCI group, did not
participate in conducting the survey. Although this was an
intervention study of all subjects, we used a double-blind method in
which neither the measurer nor the subjects knew whether they were

in the MCI or non-MCI group.

2.8 Statistical methods

function

measurements, mental health investigation results, physical function

Participants’  physical  characteristics, ~cognitive
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measurements while throwing darts before the intervention, and the
average MoCA-] scores (SD) after the intervention were obtained.
Student’s t-tests were used to compare the average scores before the
intervention between the non-MCI and MCI groups. In each group,
the effects of risk factors were examined with binominal logistic
regression analysis using the MCI score at 1 month after starting the
intervention as the objective variable (dependent variable). The
explanatory variables for physical characteristics included age, stature,
and body mass prior to the intervention. For cognitive function
measurements, the time taken to complete the TMT-A and TMT-B
prior to the intervention was used as an explanatory variable. For the
mental health investigation, K6 scores prior to the intervention and
SUBI health/fatigue scores were used as explanatory variables.
Regarding the physical function measurements while throwing,
COPx, COPy, and acceleration prior to the intervention were used as
explanatory variables. In the analyses of cognitive function, mental
health, and physical function while throwing, data were adjusted for
age before the intervention. The SPSS software package, ver. 25.0 |
(IBM Japan, Ltd., Tokyo, Japan), was used for all analyses and
statistical processing of measured data. Regarding the level of
significance, values of 0.05 or lower were considered to indicate
statistical significance.

3 Results
3.1 Verification of data reliability and validity
All study participants exhibited no physical limitations that

affected the implementation of the darts game. Of the 77
participants, 22 participants obtained a predicted failure on the

10.3389/fresc.2024.1327494

screening test, refused to participate, or were lost to follow-up
and were therefore excluded from the analysis.

3.2 Comparisons of physical characteristics
and measurements of cognitive function
and mental health with physical function
while throwing prior to the intervention
between the non-MCIl and MCI groups

Significant differences between the two groups were observed,
with significantly lower age (73.5 £ 4.6 vs. 79.3 + 5.2 years, p < 0.01),
completion time of TMT-B (91.0 £ 37.0 vs. 150.7 £59.4 s, p <0.01),
and SUBI health score (39.1 +5.7 vs. 41.2 £ 7.0 points, p <0.05) in
the non-MCI group compared with those in the MCI group. COPx
was significantly higher in the non-MCI group (0.19+0.05 vs.
0.16 £0.05 m, p <0.01) compared with that in the MCI group. No
significant differences were observed for the other items (Table 1).

3.3 Results of binominal logistic regression
analysis using MCI score obtained 1 month
after starting the intervention as the
objective variable (dependent variable) in
both groups

Table 2 shows the relationships between physical characteristics
and measurements of cognitive, mental, and physical function while
throwing before the intervention. It also presents the MCI scores 1
month after starting the intervention in the non-MCI group. The
analysis of factors influencing the determination of the MCI score

TABLE 1 Comparisons of physical characteristics and measurements of cognitive function and mental health with physical function while throwing
before intervention between the non-MCI and MCI groups.

non-MCl group (n=22) Mean + SD MCI group (n=33) p-value

Mean £ SD Min-Max Min-Max
Physical characteristics
Age (years) 73.5+4.6 65.0-83.0 793+52 69.0-89.0 <.001
Stature (m) 1.56 £0.07 143-1.72 1.54 0.06 1.42-1.68 0.425
Body mass (kg) 5519 +£9.4 36.0-83.2 54272 43.0-72.0 0.675
Cognitive function
MoCA-] (points) before intervention 272+12 26.0-30.0 22.2+3.0 14.0-25.0 <.001
After 1-month intervention 256+2.1 21.0-30.0 22333 15.0-27.0 <.001
TMT-A (seconds) 403 £14.2 19.0-74.0 51.0 £25.5 26.0-126.0 0.055
TMT-B (seconds) 91.0 +37.0 51.0-224.0 150.7 £ 59.4 71.0-300.0 <.001
Mental health
K6 (points) 33+34 0.0-11.0 3.8+£4.0 0.0-15.0 0.943
SUBI: health score (points) 39.1+57 28.0-51.0 412+7.0 24.0-55.0 0.034
SUBI: fatigue score (points) 51.6+5.6 39.0-62.0 51.3+6.0 38.0-62.0 0.221
Physical function
COPx (m) 0.185 £ 0.045 0.102-0.299 0.157 £0.052 0.078-0.259 0.031
COPy (m) 0.091 +0.034 0.033-0.164 0.092 +0.039 0.039-0.171 0.890
Acceleration (G) 7.015 +2.059 3.325-11.000 6.969 + 2.209 3.226-10.697 0.938

SD, standard deviation; Min, minimum; Max, maximum; MoCA-J, Japanese version of the Montreal cognitive assessment; TMT-A/B, the trail making test part A and part B;
K6, Japanese version of the Kessler psychological distress scale; SUBI, the subjective well-being inventory; COPx, the orbital length toward the darts target; COPy, the

orbital length toward both sides of the body.
The p-values were determined using Student's t-test.
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TABLE 2 The results of logistic analysis of the MCI scores after 1 month of

intervention in the non-MCI group.
| odss o p-value

95% Cl
Physical characteristics
Age (years) 0.983 0.766-1.262 0.889
Stature (m) 0.000 0.000-1.45 x 10* 0.224
Body mass (kg) 1.043 0.905-1.202 0.562
Cognitive function®
TMT-A (seconds) 0.923 0.817-1.042 0.195
TMT-B (seconds) 1.008 0.985-1.031 0.521
Mental health?
K6 (points) 1.090 0.836-1.420 0.526
SUBI: health score (points) 1.077 0.847-1.370 0.544
SUBI: fatigue score (points) 0.898 0.696-1.157 0.404
Physical function®
COPx (m) 0.942 0.881-1.008 0.084
COPy (m) 1.034 0.967-1.106 0.328
Acceleration (G) 2.432 0.646-9.146 0.189

Cl, confidence interval.
°Adjusted for age.

during the intervention revealed a tendency for COPx to be associated
as a protective factor in the non-MCI group, although this association
did not reach statistical significance (odds ratio = 0.942, p = 0.084).
Table 3 shows the results of the logistic analysis of the
association between the presence of MCI and physical
characteristics, measurements of cognitive, mental, and physical
function after 1 month of intervention in the MCI group. Age

was found to be significant (odds ratio = 1.539, p = 0.007).

4 Discussion

In the present study, an interventional experiment using a darts
game was performed for 1 month with community-dwelling older

TABLE 3 The results of logistic analysis of the MCI scores after 1 month of

intervention in the MCI group.
L odssmaw p-lue

95% Cl
Physical characteristics
Age (years) 1.553 1.130-2.134 0.007
Stature (m) 0.955 0.000-3.07 x 107 0.996
Body mass (kg) 1.036 0.877-1.224 0.678
Cognitive function®
TMT-A (seconds) 0.973 0.919-1.030 0.347
TMT-B (seconds) 1.021 0.994-1.049 0.126
Mental health®
K6 (points) 0.904 0.687-1.190 0.473
SUBI: health score (points) 1.109 0.954-1.290 0.178
SUBI: fatigue score (points) 0.946 0.808-1.107 0.486
Physical function®
COPx (m) 0.980 0.954-1.006 0.123
COPy (m) 1.004 0.974-1.035 0.775
Acceleration (G) 1.661 0.867-3.182 0.126

Cl, confidence interval.
°Adjusted for age.
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people. The participants were divided into a non-MCI group and
an MCI group based on MoCA-] results obtained before starting
the intervention. The prevalence rate of MCI has been reported
to be approximately 50% among community-dwelling older
people in Japan (16). Among the 77 participants in the study, 43
had MCI. Therefore, the number of participants in the MCI
group in this study was considered to be appropriate. We
investigated the associations of cognitive, mental health, and
function characteristics

physical
intervention with MCI scores after the intervention had finished.

determined prior to the

The results suggested that the present data were reliable (i.e., the
prevalence rate of MCI among the elderly was 43 out of 77, or
56%). All participants received adequate training in throwing
darts before the experiment started, which may have also
contributed to the validity of the data.

Logistic analysis of the MCI scores 1 month after starting the
intervention revealed a tendency for the center of gravity shift
while throwing toward the target to be associated as a protective
factor in the non-MCI group, although this association did not
reach statistical significance (COPx: odds ratio = 0.942, p =0.084).
To successfully play darts, a sense of the distance between the
target and the player as well as a perception of space are
required. When the target is recognized, visual information is
carried from the occipital lobe to the upper parietal lobule in the
parietal association cortex and is then integrated with somatic
sensation and converted to information regarding the target
position for body coordination. That information is then carried
to the dorsal premotor cortex, where the most efficient
movement for throwing the dart is planned. Simultaneously,
visual information is carried from the occipital lobe to the lower
parietal lobule of the parietal association cortex and the ventral
premotor cortex, where the most suitable hand-grip pattern for
the throwing is selected and planned. This motion planning is
projected from the primary motor area to the vertebra as output
information. An efference copy of the reach-grip motion for this
situation is converted to prediction information for movement
results, to compare between predicted and actual sensory
feedback in the parietal association cortex and cerebellum, and to
extract any errors (1). As a result, exercise-based learning on
how to efficiently perform the motor task of dart throwing
occurs (2). Because movement speed is decreased in older people
(17), not only arm swinging but also a forward shift of the
center of gravity is needed for aiming at a distant target. With
advancing age and diminishing cognitive capabilities, studies
have consistently reported a decline in coordination between the
hands and
performance

eyes, resulting in a deterioration of motor

coupled with increased variability (8, 18).

Furthermore, a correlation was reported between general
cognitive efficiency and spatial mental transformation skills, and
its influence has been observed in cognitive tasks associated with
driving (19). In addition, previous research has highlighted the
dynamic evolution of motor processes throughout an individual’s
lifespan. Thus, it may be useful to quantify the process of
movement using metrics such as COPx. Considering these
factors, we speculate that the non-MCI participants learned the

motion involved in repeating a throwing movement three times
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by making use of physical function and spatial perception before
the intervention started, even without any prior experience
throwing darts, allowing them to plan the motion and actually
throw the darts while shifting their center of gravity in the
direction of the target. However, the potential influence of
interest and familiarity in relation to the game of darts cannot be
excluded. Such an influence may reduce the association with the
center of gravity shifting. In future studies, examining
participants during a darts game with a longer period of
intervention will be needed.

The present results for the non-MCI group indicated that the
center of gravity shift toward the target was likely to be a
protective factor against cognitive functional decline. Furthermore,
the center of gravity shift toward the target while throwing noted
before the start of the intervention was greater in the non-MCI
group compared with that in the MCI group. This notion is in
accord with previous findings showing that center of gravity shift
testing is a valuable tool useful for identifying cognitive function
decline at an early stage (4). A shortened walking stride, slowed
walking speed, and decline in dynamic balance ability have been
noted in older individuals with MCI (20-22). In addition, a study
of body image in older people suggested that the discrepancy with
reality was affected by aging (23). The association between the
center of gravity shift during dart throwing and cognitive function
shown in the present study suggests the importance of
maintaining physical function before MCI onset, particularly
through continuous physical activity and exercise.

TMT-B completion time was significantly shorter in the non-
MCI group compared with that in the MCI group. The TMT has
been widely used for assessing attention function, and past studies
have found that the time for completion of both the TMT-A and
TMT-B increases with age (24, 25). This finding is in accord with
the previous studies mentioned above, indicating that the attention
function of the non-MCI group was better than that of the MCI
group. Furthermore, SUBI health scores were significantly lower in
the non-MCI group compared with those in the MCI group. The
SUBI health score is widely used to evaluate the positive effects of
the subjective sense of well-being, with higher scores indicating a
more positive sense of well-being (13, 14). A previous study
reported that subjective well-being tends to increase at the age of
approximately 60 years and is then maintained until very old age
(26). The lower SUBI health scores in the present non-MCI group
are in accord with this previous finding, as the participants were
younger compared with those in the MCI group.

In a logistic analysis of MCI scores at 1 month after starting the
intervention, age was confirmed to be a significant risk factor for
cognitive function decline in the MCI group. Furthermore, the
age of the MCI group was significantly higher than that of the
non-MCI group. Regarding dementia, an increased prevalence is
associated with aging, with some differences based on region. In
Japan, approximately 10%-15% of individuals in their early 80s,
15%-25% in their late 80s, and 30% or more of those aged 90 or
older are estimated to be affected by dementia (27). Thus, aging
is the greatest risk factor for developing dementia. Similar
findings were obtained for the MCI group in the present study,

and improvement became more difficult as the age at the time of
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MCI onset increased. In addition, the primary prophylaxis to
prevent developing MCI itself might be more important than the
secondary or tertiary prevention after onset. The present results
support the importance of preventing cognitive function decline
at a younger age while individuals are still healthy.

4.1 Limitations

This study involved several limitations that should be
considered. First, the participant cohort comprised older people
from a single city. Thus, it may be inappropriate to generalize the
findings to the whole population, although the participants’ stature
and body mass were similar to the average values reported in a
recent national survey conducted in Japan (28). In addition, the
presence of only 17 (30.9%) male participants suggests a potential
bias in the male-to-female ratio. Sex differences have been
reported for the diagnosis of amnestic MCI (29), which may limit
the generalizability of the present results. The intervention period
in this study was only 1 month, and the effectiveness of the
intervention for improving cognitive function is questionable. In
the study conducted by Manera et al. (30), participants showed
interest in the game during the 1-month validation in the MCI
group. We expect that the effect can be evaluated in this study as
well, although for a short period of 1 month. However, the
potential effects of interest and habituation in relation to the darts
game cannot be excluded. Therefore, the association with the
center of gravity shift may have become smaller. In future studies,
verification of the current findings using a darts game with a
longer period of intervention may be useful.

5 Conclusion

A 1-month intervention study using a darts game as an exercise
intervention was conducted with older people living in the
community. We examined the associations between cognitive
function measurements, mental health, and center of gravity shift
while throwing darts before and after the intervention. The
participants were divided into the non-MCI and MCI groups,
based on the MoCA-]J scores prior to the intervention. The results
in the non-MCI group indicated that the center of gravity shift
while throwing toward the target was a potential protective factor,
and this finding was marginally statistically significant. In the MCI
group, no significant associations were found between cognitive,
mental, and physical function, except for age. These findings
suggest that the results of the center of gravity shift test may be
indicative of early cognitive function decline, highlighting the
importance of early primary prophylaxis to prevent the onset of MCIL.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material; further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fresc.2024.1327494
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

Kawabata et al.

Ethics statement

The studies involving humans were approved by the Eethics
Committee of the Prefectural University of Hiroshima. The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.

Author contributions

NK: Conceptualization, Investigation, Writing — original draft.
TI: Formal
Methodology, Project administration, Writing — review & editing.

Analysis, Funding acquisition, Investigation,

MK: Data curation, Writing - review & editing. HF: Data
curation, Formal Analysis, Software, Writing — review & editing.
HM: Data curation, Formal Analysis, Writing — review & editing.
TH: Methodology, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This research was supported by a grant from the Mihara City
Lifelong Active Community Promotion Project.

References

1. Olson CR, Colby CL. “The organization of cognition.”. In: Kandel ER, Schwartz
JH, Jessel TM, Siegelbaum SA, Hudspeth AJ, editors. Principles of Neural Science.
New York: McGraw-Hill Companies Inc (2013). p. 392-411.

2. Latash ML, Zatsiorsky VM. Biomechanics and motor control: defining central
concepts. 1st ed London, UK: Academic Press (2016). p. 274-97.

3. Schleien SJ, Wehman P, Kiernan J. Teaching leisure skills to severely handicapped
adults: an age-appropriate darts game. ] Appl Behav Anal. (1981) 14:513-9. doi: 10.
1901/jaba.1981.14-513

4. Goto S, Sasaki A, Takahashi I, Mitsuhashi Y, Nakaji S, Matsubara A. Relationship
between cognitive function and balance in a community-dwelling population in Japan.
Acta Otolaryngol. (2018) 138:471-4. doi: 10.1080/00016489.2017.1408142

5. World Health Organization (WHO). Risk Reduction of Cognitive Decline and
Dementia: WHO Guidelines. (2019). Available online at: https://www.who.int/
publications/i/item/9789241550543 (accessed June 20, 2021).

6. Park H, Park JH, Na HR, Shimada H, Kim GM, Jung MK, et al. Combined
intervention of physical activity, aerobic exercise, and cognitive exercise intervention
to prevent cognitive decline for patients with mild cognitive impairment: a
randomized controlled clinical study. J Clin Med. (2019) 8:940. doi: 10.3390/jcm8070940

7. Shigematsu R, Okura T, Nakagaichi M, Tanaka K, Sakai T, Kitazumi S, et al.
Square-stepping exercise and fall risk factors in older adults: a single-blind,
randomized controlled trial. ] Gerontol A Biol Sci Med Sci. (2008) 63:76-82. doi: 10.
1093/gerona/63.1.76

8. Kunishige M, Miyaguchi H, Fukuda H, lida T, Nami K, Ishizuki C. Spatial
navigation ability is associated with the assessment of smoothness of driving during
changing lanes in older drivers. J Physiol Anthropol. (2020) 39:1-11. doi: 10.1186/
540101-020-00227-9

9. Fujiwara Y, Suzuki H, Yasunaga M, Sugiyama M, Ijuin M, Sakuma N, et al. Brief
screening tool for mild cognitive impairment in older Japanese: validation of the
Japanese version of the Montreal Cognitive Assessment. Geriatr Gerontol Int.
(2010) 10:225-32. doi: 10.1111/j.1447-0594.2010.00585.x

Frontiers in Rehabilitation Sciences

10.3389/fresc.2024.1327494

Acknowledgments

We express our thanks to the participants in the present study.
In addition, we are grateful for the help of the staff in charge of the
Regional Elderly Exchange Program of the Sougou Community
Center and Kui Community Center, those responsible for the
Health Education Class of the Zennyuji Health Promotion
Institution, and staff members of the Waki Regional Fureai
Exchange Center. We also appreciate the support and guidance
provided by Mr. Hitotsubashi of ONE ENTERPRISE Co., Ltd.,
and the other staff members for providing the darts used in this
investigation. We thank Benjamin Knight, MSc., from Edanz
(https://jp.edanz.com/ac) for editing a draft of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

10. Furukawa TA, Kawakami N, Saitoh M, Ono Y, Nakane Y, Nakamura Y, et al. The
performance of the Japanese version of the K6 and K10 in the world mental health
survey Japan. Int ] Methods Psychiatr Res. (2008) 17:152-8. doi: 10.1002/mpr.257

11. Lezak MD, Howieson DB, Bigler ED, Tranel D. Neuropsychological assessment.
5th ed New York: Oxford University Press (2012). p. 422-6.

12. Mitrushina M, Boone KB, Razani J, D’Elia LF. Handbook of normative data for
neuropsychological assessment. 2nd ed New York: Oxford University Press
(2005). p. 59-98.

13. Sell H, Nagpal R. Assessment of subjective well-being, the subjective well-being
inventory (SUBI). New Delhi: Regional Office for South-East Asia, World Health
Organization. (1992).

14. Tonan K, Sonoda A, Ono Y. Production of the subjective well-being inventory
Japanese edition: it’s reliability and validity (in Japanese). Japanese ] Health Psychol.
(1995) 8:12-9. doi: 10.11560/jahp.8.2_12

15. Park JS, Jung YJ, Lee G. Virtual reality-based cognitive-motor rehabilitation in older
adults with mild cognitive impairment: a randomized controlled study on motivation
and cognitive function. Healthcare. (2020) 8:335. doi: 10.3390/healthcare8030335

16. Ikejima C, Hisanaga A, Meguro K, Yamada T, Ouma S, Kawamuro Y, et al.
Multicentre population-based dementia prevalence survey in Japan: a preliminary
report. Psychogeriatrics. (2012) 12:120-3. doi: 10.1111/j.1479-8301.2012.00415.x

17. Alissa N, Akinlosotu RY, Shipper AG, Wheeler LA, Westlake KP. A systematic
review of upper extremity responses during reactive balance perturbations in aging.
Gait Posture. (2020) 82:138-46. doi: 10.1016/j.gaitpost.2020.08.134

18. Kunishige M, Fukuda H, Tida T, Kawabata N, Ishizuki C, Miyaguchi H. Spatial
navigation ability and gaze switching in older drivers: a driving simulator study. Hong
Kong J Occup Ther. (2019) 32:22-31. doi: 10.1177/1569186118823872

19. Tinella L, Lopez A, Caffo AO, Nardulli F, Grattagliano I, Bosco A. Cognitive
efficiency and fitness-to-drive along the lifespan: the mediation effect of visuospatial
transformations. Brain Sci. (2021) 11:1028. doi: 10.3390/brainscil1081028

frontiersin.org


https://jp.edanz.com/ac
https://doi.org/10.1901/jaba.1981.14-513
https://doi.org/10.1901/jaba.1981.14-513
https://doi.org/10.1080/00016489.2017.1408142
https://www.who.int/publications/i/item/9789241550543
https://www.who.int/publications/i/item/9789241550543
https://doi.org/10.3390/jcm8070940
https://doi.org/10.1093/gerona/63.1.76
https://doi.org/10.1093/gerona/63.1.76
https://doi.org/10.1186/s40101-020-00227-9
https://doi.org/10.1186/s40101-020-00227-9
https://doi.org/10.1111/j.1447-0594.2010.00585.x
https://doi.org/10.1002/mpr.257
https://doi.org/10.11560/jahp.8.2_12
https://doi.org/10.3390/healthcare8030335
https://doi.org/10.1111/j.1479-8301.2012.00415.x
https://doi.org/10.1016/j.gaitpost.2020.08.134
https://doi.org/10.1177/1569186118823872
https://doi.org/10.3390/brainsci11081028
https://doi.org/10.3389/fresc.2024.1327494
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

Kawabata et al.

20. Hausdorff JM, Hillel I, Shustak S, Del Din S, Bekkers EM]J, Pelosin E, et al.
Everyday stepping quantity and quality among older adult fallers with and
without mild cognitive impairment: initial evidence for new motor markers of
cognitive deficits? ] Gerontol A Biol Sci Med Sci. (2018) 73:1078-82. doi: 10.1093/
gerona/glx187

21. Liu-Ambrose TY, Ashe MC, Graf P, Beattie BL, Khan KM. Increased risk of
falling in older community-dwelling women with mild cognitive impairment. Phys
Ther. (2008) 88:1482-91. doi: 10.2522/ptj.20080117

22. Shin BM, Han SJ, Jung JH, Kim JE, Fregni F. Effect of mild cognitive impairment
on balance. J Neurol Sci. (2011) 305:121-5. doi: 10.1016/j.jns.2011.02.031

23. Miwa M, Hata Y. Study and assessment method of the “body image” of the
elderly. The J Japan Soc Health Care Manag. (2008) 9:472-6. (in Japanese). doi: 10.
11191/jhm2006.9.472

24. Ashendorf L, Jefferson AL, O’Connor MK, Chaisson C, Green RC, Stern RA.
Trail making test errors in normal aging, mild cognitive impairment, and dementia.
Arch Clin Neuropsychol. (2008) 23:129-37. doi: 10.1016/j.acn.2007.11.005

25. MacPherson SE, Allerhand M, Cox SR, Deary IJ. Individual differences in
cognitive processes underlying trail making test-B performance in old age: the

Frontiers in Rehabilitation Sciences

09

10.3389/fresc.2024.1327494

Lothian birth cohort 1936. Intelligence. (2019) 75:23-32. doi: 10.1016/j.intell.2019.
04.001

26. Blanchflower DG. Is happiness U-shaped everywhere? Age and subjective
well-being in 145 countries. ] Popul Econ. (2020) 9:1-50. doi: 10.1007/s00148-020-
00797-z

27. Alzheimer’s Disease International. World Alzheimer Report. Martin P. (2009).
Available online at: Available at: https://www.alzint.org/resource/world-alzheimer-
report-2009/ (accessed June 20, 2021).

28. Makizako H, Nishita Y, Jeong S, Otsuka R, Shimada H, Iijima K, et al. Trends in
the prevalence of frailty in Japan: a meta-analysis from the ILSA-]. J Frailty Aging.
(2021) 10:211-8. doi: 10.14283/jfa.2020.68

29. Sundermann EE, Maki P, Biegon A, Lipton RB, Mielke MM, Machulda M, et al.
Sex-specific norms for verbal memory tests may improve diagnostic accuracy of
amnestic MCL. Neurology. (2019) 93:¢1881-9. doi: 10.1212/WNL.0000000000008467

30. Manera V, Petit PD, Derreumaux A, Orvieto I, Romagnoli M, Lyttle G, et al.
‘Kitchen and cooking, a serious game for mild cognitive impairment and
Alzheimer’s disease: a pilot study. Front Aging Neurosci. (2015) 7(24):1-10. doi: 10.
3389/fnagi.2015.00024

frontiersin.org


https://doi.org/10.1093/gerona/glx187
https://doi.org/10.1093/gerona/glx187
https://doi.org/10.2522/ptj.20080117
https://doi.org/10.1016/j.jns.2011.02.031
https://doi.org/10.11191/jhm2006.9.472
https://doi.org/10.11191/jhm2006.9.472
https://doi.org/10.1016/j.acn.2007.11.005
https://doi.org/10.1016/j.intell.2019.04.001
https://doi.org/10.1016/j.intell.2019.04.001
https://doi.org/10.1007/s00148-020-00797-z
https://doi.org/10.1007/s00148-020-00797-z
https://www.alzint.org/resource/world-alzheimer-report-2009/
https://www.alzint.org/resource/world-alzheimer-report-2009/
https://doi.org/10.14283/jfa.2020.68
https://doi.org/10.1212/WNL.0000000000008467
https://doi.org/10.3389/fnagi.2015.00024
https://doi.org/10.3389/fnagi.2015.00024
https://doi.org/10.3389/fresc.2024.1327494
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

	Evaluating the impact of a darts game intervention on cognitive function in older adults with and without mild cognitive impairment: a pilot study
	Introduction
	Methods
	Trial design
	Participants
	Interventions
	Outcomes
	Cognitive function
	Mental health
	Physical function while throwing darts

	Sample size
	Allocation
	Blinding
	Statistical methods

	Results
	Verification of data reliability and validity
	Comparisons of physical characteristics and measurements of cognitive function and mental health with physical function while throwing prior to the intervention between the non-MCI and MCI groups
	Results of binominal logistic regression analysis using MCI score obtained 1 month after starting the intervention as the objective variable (dependent variable) in both groups

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


