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Abstract.
BACKGROUND: Current therapeutic evidence suggests limited efficacy of the cognitive and exercise training in mild cog-
nitive impairment (MCI) on depression, anxiety, memory retention, comprehension, calculation, concentration, orientation,
dual-task performance, and sleep disorders. Nevertheless, the immediate effects of multimodal cognitive therapy (MCT) have
recently developed and its individual effects remains unknown in MCI.
OBJECTIVE: This study aimed to compare the immediate effects of MCT on cognitive and psychological measures between
young healthy and older adults with MCI.
METHODS: Forty young healthy and older adults with MCI underwent immediate MCT (5 minutes each), including tran-
scranial direct current stimulation (tDCS), light therapy, computerized cognitive therapy (CCT), robotic-assisted gait training
(RAGT), core breathing exercises (CBE), and music therapy. Outcome measures included memory retention, comprehen-
sion, calculation, attention, orientation, dual-task performance, awareness, depression, anxiety, and sleep disorders. The
Mann-Whitney U test and Friedman’s test were used at P < 0.05.
RESULTS: Significant differences in depression, anxiety, memory retention, comprehension, calculation, attention, orien-
tation, dual-task performance, and awareness were observed between the tDCS, CCT, and music therapy groups (P < 0.05).
CONCLUSION: MCT was beneficial for mitigating depression, anxiety, memory retention, comprehension, calculation,
attention, orientation, dual-task performance, and awareness.

Keywords: Mild cognitive impairment, cognitive rehabilitation, transcranial direct current stimulation, light therapy, com-
puterized cognitive therapy, robotic-assisted gait training, core breathing exercises, music therapy

1. Introduction

Mild cognitive impairment (MCI) is a degenerative
neurocognitive disorder characterized by difficulties
in memory retention, comprehension, calculation,
attention, orientation, dual-task performance, and
awareness relative to peers of the same age and has
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been found to be associated with aging, depression,
anxiety, and sleep disorders (Liew, 2019; Randhi
et al., 2023). MCI is a progressive deterioration
in cognitive function, including memory retention,
comprehension, calculation, attention, and orienta-
tion, eventually leading to dementia due to brain
atrophy (gray matter), abnormalities (white matter),
and hypoactivation in the brain (frontal, parietal,
and temporal lobes) (Anderson, 2019; Gu & Zhang,
2019). Previous studies have reported that dual-
task performance is associated with the coordination
function of episodic memory, and older adults with
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MCI exhibit significant impairments in dual-task
performance compared with healthy age-matched
individuals (Doi et al., 2017; Foley et al., 2011).
Depression and anxiety are common neuropsychi-
atric symptoms in older adults with MCI, possibly
due to the neurotoxic substances (A� burden of
the brain) (Ma, 2020). Sleep plays a crucial role
in consolidating memories by facilitating the trans-
fer of memory traces from the hippocampus to the
neocortex and may also aid in clearing metabolites
from synapses (Randhi et al., 2023). Impaired self-
awareness is a common symptom observed in older
adults with MCI and is associated with MCI care,
including treatment compliance, caregiver burden,
and personal safety (Bastin et al., 2021).

To improve cognitive impairment in people with
MCI, multimodal cognitive therapy (MCT), includ-
ing transcranial direct current stimulation (tDCS),
light therapy, computerized cognitive therapy (CCT),
robot-assisted gait training (RAGT), core breath-
ing exercises (CBE) and, music therapy have been
utilized in patients with MCI, but outcome studies
have produced variable results in depression, anxi-
ety, memory retention, comprehension, calculation,
concentration, orientation, dual-task performance,
awareness, and sleep disorders (Calabrò et al., 2015;
Han et al., 2020; Zhang et al., 2019). Calabrò et
al. (2015) reported that RAGT, in addition to cog-
nitive training, had positive effects on cognitive
function with an improvement of 29% in the Mini-
Mental State Examination (MMSE) (Calabrò et al.,
2015). A previous meta-analysis reported that CCT
improved(Khanthong et al., 2021; Riemersma-Van
Der Lek et al., 2008) cognitive functions related
to memory and executive function in older adults
with MCI (Zhang et al., 2019). Han et al. (2020)
demonstrated that cognitive intervention with musi-
cal stimuli improved memory (37%), attention (9%),
and orientation (8%), and depression (8%) in 24
patients with MCI compared to the controls who
received no intervention (Han et al., 2020). A previ-
ous study showed that light therapy (1000 or 300 lx)
improved depression (22%), sleep efficiency (4%),
and cognitive function (12%) in older adults with
dementia (Riemersma-Van Der Lek et al., 2008).
Khanthong et al. (2021) reported that Thai exercises,
including deep breathing and holding, improved cog-
nitive function (9%) in 71 older adults with MCI
(Khanthong et al., 2021).

There is a clear need to effectively and sustainably
address progressive cognitive impairments in older
adults to improve depression, anxiety, sleep disor-

ders, memory, retention, comprehension, calculation,
concentration, orientation, dual-task performance,
awareness, and sleep disorders of MCI. However, the
perceived effects of MCT have not been explored in
older adults with MCI. This clinical study aimed to
investigate the effects of MCT. We hypothesized that
there would be significant differences in the perceived
effects on depression, anxiety, memory retention,
comprehension, calculation, attention, orientation,
dual-task performance, awareness, and sleep disor-
ders between and within groups.

2. Methods

2.1. Participants

All sex-matched participants were recruited from
community centers and provided informed consent
before participating in the study. The participants
completed the Korean version of the MMSE prior
to interventions by psychiatrists and medical profes-
sionals. A total of forty participants were recruited
for the study, consisting of twenty young healthy
adults (age:25.20 ± 3.19; 10 women) and twenty
older adults diagnosed with MCI (age:79.00 ± 8.25;
10 women). The onsite survey was performed using
an online survey questionnaire with Google Forms,
which was administered between August 5, 2022, and
December 27, 2022. The experimental protocol was
approved by the Yonsei Institutional Review Board
(IRB) and Ethics Committee (approval no. 1041849-
202202-BM-033-02).

The inclusion criteria for young healthy adults
were [1] age between 21 and 35 years (Nilsen &
Donelson, 2001) and [2] the ability to follow verbal
instructions. The exclusion criteria were [1] history of
brain trauma or surgery, [2] psychiatric disorders, [3]
neurological system dysfunction, and [4] neurocog-
nitive impairments (Nilsen & Donelson, 2001). The
inclusion criteria for older adults with MCI entailed
[1] MMSE (between 20 to 23 points) (Gauthier et al.,
2006); [2] can follow verbal instruction; [3] no signif-
icant impairment in social or occupational activities
confirming the absence of dementia; [4] self-reported
subjective decline in cognitive function, which was
also confirmed by a family member; [5] objective
evidence of cognitive deficits compared to individu-
als of the same age and educational level in one or
more formal cognitive tests (Petersen, 2016); and [6]
between 65 and 100 years old. The exclusion crite-
ria for older adults with MCI included [1] evidence of
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specific abnormalities in the brain, such as focal brain
lesions detected by head magnetic resonance imaging
(MRI) or head computed tomography; [2] a history
of mental illness or substance abuse before the onset
of dementia; [3] complications of other neurological
diseases or illnesses; and [4] use of antipsychotics,
antidepressants, or anxiolytic drugs (Sanford, 2017).

2.2. Study design

This study deign involves patients blinded (single-
blinded), quasi-randomized experimental research
aimed to compare between and within group
on depression, anxiety, memory retention, com-
prehension, calculation, concentration, orientation,
dual-task performance, awareness, and sleep disor-
ders domain in young healthy adults and older adults
with MCI. Two certified physical therapists consis-
tently performed all survey and interventions.

2.3. Experimental procedure

The MCT comprises six individual interventions
that are administered randomly. Following each
session, participants underwent each session for a
duration of five minutes, the MCT effectiveness
survey was administered to assess the level of sat-
isfaction with five-minutes washout period. Each
intervention modality was implemented for 5 minutes
and cumulated to 60 minutes (5 min. tDCS + 5 min.
light + 5 min. CCT, 5 min. RAGT, 5 min. CBE, 5 min.
music with 5 min. resting intervals). The flowchart
of the study is shown in Fig. 1. Individual interven-
tions included [1] the application of tDCS (Brain
driver v2; The Brain Drive, Chicago, IL, US) at 1-
2 mA over the cerebral cortex. [2] Participants were
exposed to short-wavelength light (10000 lux over
their head. [3] The CCT (CoTras-Pro; CoTras, Daegu,
Republic of Korea) was conducted with participants
randomly selected to play one of four games: a his-

Fig. 1. Flowchart of the study.
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tory game, memory game, visual perception game, or
focus game. [4] The RAGT session using the Walk-
bot G model (P&S Mechanics, Seoul, Republic of
Korea) was conducted with 20% body weight support
at a comfortable speed and a stride tailored to the par-
ticipant’s joint length. [5] Participants also performed
core breathing exercises. [6] The participants listened
to relaxing music in the frequency range of 40–80 Hz.
The study protocols are presented in Table 1.

2.4. Survey

A survey questionnaire was designed to examine
the perceived effects of MCT among two distinct
groups: young healthy adults and older adults with
MCI. The questionnaire consisted of two domains
comprising 84 questions, four of which were related
to general demographic characteristics and ten for
each of the MCT components, including tDCS, light
therapy, CCT, RAGT, CBE, and music therapy. The
survey utilized a Likert scale to assess the perceived
(immediate) effects levels of the program, with five
rating options (‘1’ for strongly disagree; ‘2’ for dis-
agree; ‘3’ for neutral; ‘4’ for agree; ‘5’ for strongly
agree. The survey questionnaire is presented in Fig. 2.

2.5. Statistical analysis

Statistical analyses are presented as the mean rank.
The independent t-test or Mann-Whitney U test was
used to compare baseline demographic data between
the healthy and MCI groups. A power analysis using
G-Power software (version 3.1.9.4; Franz Faul, Uni-
versity of Kiel, Germany) was conducted to assess the
minimum sample size requirement based on a prior
pilot study. The sample size was determined to be 40
and the power (1 - � = 0.8) was based on the effect
size (eta squared, η2 = 0.6). For the analysis of the
Likert-scale data, the Mann-Whitney U test was used
to compare the significant differences between the
healthy and MCI groups. Friedman’s test was used to
compare the perceived effects of MCT. If a significant

difference was observed, the Wilcoxon signed-rank
post hoc test was used. SPSS for Windows version
26.0 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analyses. The P-value was set at 0.05.

3. Results

3.1. General demographic characteristics

Table 1 summarizes the demographic character-
istics of the participants. Age, weight and MMSE
scores were significantly different between young
healthy and older adults with MCI, violating the
group homogeneity at baseline. No safety issues were
reported and none of the participants experienced any
side effects associated with the MCT.

3.2. tDCS effect between healthy and MCI groups

The effects of tDCS on memory retention
(P = 0.003), comprehension (P = 0.016), calculation
skills (P = 0.007), orientation (P = 0.007), dual-task
performance (P = 0.000) and awareness (P = 0.011)
differed significantly between the healthy and MCI
groups indicating better memory retention, com-
prehension, calculation skills, orientation, dual-task
performance, and awareness domains in MCI group
than young group. Mann-Whitney U test showed no
significant differences on depression, anxiety, atten-
tion, and sleep quality domains (P > 0.05) in effects
between the healthy and MCI groups (Table 3).

3.3. Light therapy effects between healthy and
MCI groups

No significant difference on depression, anxiety,
memory retention, comprehension, calculation skills,
attention, orientation, dual-task performance, aware-
ness, and sleep quality domains (P > 0.05) in the
effects of light therapy was observed between the
healthy and MCI groups (Table 4).

Table 1
The protocol of the multimodal cognitive therapy

Multimodal cognitive therapy Duration (min.) Intensity

Transcranial direct current stimulation (tDCS) 5 1 to 2 mA
Light therapy 5 10000 lux
Computerized cognitive training (CCT) 5 Medium difficulty game focused on memory and attention
Robotic assisted gait training (RAGT) 5 20% body weight support at comfortable speed
Core breathing exercise (CBE) 5 The number of breath cycles per minute was fixed at 8–10 cycles
Music therapy 5 40 to 80 Hz
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Fig. 2. Survey questionnaire for demographic characteristics and satisfaction levels.

Table 2
Demographic characteristics of participating patients (n = 40)

Characteristics Healthy (n = 20) MCI (n = 20) P-value

Age (years) 25.20 ± 3.19 79.00 ± 8.25 0.006∗∗
Sex (male/female) 10/10 10/10 1.000
Height (cm) 169.65 ± 9.37 157.25 ± 8.45 0.717
Weight (kg) 67.70 ± 13.83 59.40 ± 7.30 0.002∗∗
BMI (cm/kg2) 23.20 ± 3.17 24.01 ± 2.26 0.090
MMSE 29.55 ± 0.83 21.35 ± 1.27 0.007∗∗

BMI, Body mass index; MMSE, Mini-Mental State Examination; independent t-test, ∗P < 0.05,
∗∗P < 0.01.

Table 3
tDCS effect between healthy and MCI groups

tDCS Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 17.02 23.98 130.50 0.044
Anxiety 18.23 22.78 154.50 0.199
Memory retention 15.18 25.83 93.50 0.003∗∗
Comprehension 16.20 24.80 114.00 0.016∗
Calculation skills 15.73 25.28 104.50 0.007∗∗
Attention 17.23 23.78 134.50 0.056
Orientation 15.75 25.25 105.00 0.007∗∗
Dual-task performance 14.35 26.65 77.00 0.000∗∗
Awareness 16.00 25.00 110.00 0.011∗
Sleep quality 19.05 21.95 171.00 0.392

MCI, mild cognitive impairment; tDCS, transcranial direct current stimulation; Mann-Whitney U
test, ∗P < 0.05, ∗∗P < 0.01.

3.4. Computerized cognitive training effects
between healthy and MCI groups

The effects of CCT on memory retention
(P = 0.009), comprehension (P = 0.027), calculation
skills (P = 0.001), attention (P = 0.000), orientation

(P = 0.008), dual-task performance (P = 0.001), and
awareness (P = 0.022) differed significantly between
the healthy and MCI groups supporting that improved
memory retention, comprehension, calculation skills,
orientation, dual-task performance, and awareness
domains. Mann-Whitney U test showed no significant
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Table 4
Light therapy effects between healthy and MCI groups

Light Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 20.00 21.00 190.00 0.780
Anxiety 19.63 21.38 182.50 0.612
Memory retention 19.33 21.68 176.50 0.502
Comprehension 20.30 20.70 196.00 0.909
Calculation skills 19.18 21.83 173.50 0.459
Attention 17.70 23.30 144.00 0.105
Orientation 17.60 23.40 142.00 0.097
Dual-task performance 18.38 22.63 157.50 0.223
Awareness 19.90 21.10 188.00 0.733
Sleep quality 17.55 23.45 141.00 0.089

MCI, mild cognitive impairment; Mann-Whitney U test, ∗P < 0.05, ∗∗P < 0.01.

Table 5
Computerized cognitive training effects between healthy and MCI groups

CCT Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 17.85 23.15 147.00 0.121
Anxiety 20.25 20.75 195.00 0.886
Memory retention 15.90 25.10 108.00 0.009∗∗
Comprehension 16.60 24.40 122.00 0.027∗
Calculation skills 14.60 26.40 82.00 0.001∗∗
Attention 14.25 26.75 75.00 0.000∗∗
Orientation 15.80 31.60 106.00 0.008∗∗
Dual-task performance 14.75 26.25 85.00 0.001∗∗
Awareness 16.50 24.50 120.00 0.022∗
Sleep quality 17.58 23.43 141.50 0.098

MCI, mild cognitive impairment; CCT, computerized cognitive training; Mann-Whitney U test,
∗P < 0.05, ∗∗P < 0.01.

Table 6
Robotic-assisted gait training effects between healthy and MCI groups

RAGT Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 20.65 20.35 197.00 0.932
Anxiety 20.20 20.80 194.00 0.866
Memory retention 21.30 19.70 184.00 0.653
Comprehension 21.70 19.30 176.00 0.503
Calculation skills 21.68 19.33 176.50 0.510
Attention 22.20 18.80 166.00 0.335
Orientation 21.03 19.98 189.50 0.769
Dual-task performance 20.95 20.05 191.00 0.795
Awareness 21.58 19.43 178.50 0.527
Sleep quality 23.70 17.30 136.00 0.063

MCI, mild cognitive impairment; RAGT, robot-assisted gait training; Mann-Whitney U test,
∗P < 0.05, ∗∗P < 0.01.

differences on depression, anxiety, and sleep quality
domains (P > 0.05) in effects between the healthy and
MCI groups (Table 5).

3.5. Robotic-assisted gait training effects
between healthy and MCI groups

There were no significant differences on depres-
sion, anxiety, memory retention, comprehension,
calculation skills, attention, orientation, dual-task

performance, awareness, and sleep quality domains
(P > 0.05) in the effects of RAGT between the healthy
and MCI groups (Table 6).

3.6. Core breathing exercise effects between
healthy and MCI groups

No significant differences on depression, anxi-
ety, memory retention, comprehension, calculation
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Table 7
Core breathing exercise effects between healthy and MCI groups

CBE Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 22.45 18.55 161.00 0.272
Anxiety 23.88 17.13 132.50 0.058
Memory retention 22.25 18.75 165.00 0.324
Comprehension 19.75 21.25 185.00 0.670
Calculation skills 21.53 19.48 179.50 0.565
Attention 21.90 19.10 172.00 0.422
Orientation 23.00 18.00 150.00 0.153
Dual-task performance 22.88 18.13 152.50 0.170
Awareness 19.15 21.85 173.00 0.443
Sleep quality 21.50 19.50 180.00 0.562

MCI, mild cognitive impairment; CBE, core breathing exercise; Mann-Whitney U test, ∗P < 0.05,
∗∗P < 0.01.

Table 8
Music therapy effects between the healthy and MCI

Music Mean rank U statistic P-value
Healthy (n = 20) MCI (n = 20)

Depression 15.75 25.25 105.00 0.006∗∗
Anxiety 16.20 24.80 114.00 0.012∗
Memory retention 17.35 23.65 137.00 0.075
Comprehension 15.98 25.03 109.50 0.011∗
Calculation skills 16.75 24.25 125.00 0.037∗
Attention 17.50 23.50 140.00 0.086
Orientation 17.65 23.35 143.00 0.110
Dual-task performance 17.05 23.95 131.00 0.049∗
Awareness 19.13 21.88 172.50 0.432
Sleep quality 19.05 21.95 171.00 0.412

MCI, mild cognitive impairment; Mann-Whitney U test, ∗P < 0.05, ∗∗P < 0.01.

Table 9
Effects of the intervention variables in healthy group

tDCS Light CCT RAGT CBE Music χ2 P-value

Depression 3.33 3.00 3.25 4.13 3.70 3.60 5.598 0.347
Anxiety 3.45 3.08 3.48 3.70 3.78 3.53 2.186 0.823
Memory retention 3.50 2.83 3.35 4.13 3.68 3.53 6.186 0.289
Comprehension 3.53 2.93 3.60 4.13 3.55 3.28 5.322 0.378
Calculation skills 3.45 3.23 3.38 4.28 3.75 2.93 7.238 0.204
Attention 3.50 3.08 2.70 4.18 3.88 3.68 10.122 0.072
Orientation 3.55 2.98 3.40 3.90 3.80 3.38 3.998 0.550
Dual-task performance 3.38 3.08 2.98 4.33 3.90 3.35 9.639 0.086
Awareness 3.30 3.10 3.23 4.20 3.48 3.70 5.728 0.334
Sleep quality 3.18 2.98 3.18 4.28 4.10 3.30 10.759 0.056

tDCS, transcranial direct current stimulation; CCT, computerized cognitive training; RAGT, robot-assisted gait training; CBE, core breathing
exercise; Friedman test; ∗P < 0.05, ∗∗P < 0.01.

skills, attention, orientation, dual-task performance,
awareness, and sleep quality domains (P > 0.05) were
observed in the effects of CBE between the healthy
and MCI groups (Table 7).

3.7. Music therapy effects between healthy and
MCI groups

The effects of music on depression (P = 0.006),
anxiety (P = 0.012), comprehension (P = 0.011),

calculation skills (P = 0.037), and dual-task perfor-
mance (P = 0.049) domains differed significantly
between the healthy and MCI groups suggesting
that depression, anxiety, comprehension, calcula-
tion skills, and dual-task performance domains.
Mann-Whitney U test showed no significant differ-
ences on memory retention, attention, orientation,
awareness, and sleep quality domains (P > 0.05)
in effects between the healthy and MCI groups
(Table 8).
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Fig. 3. Effects of the intervention variables in healthy group.

3.8. Effects of the intervention variables in
healthy group

Friedman’s test showed no significant differences
on depression, anxiety, memory retention, com-
prehension, calculation skills, attention, orientation,
dual-task performance, awareness, and sleep quality
domains (P > 0.05) in effects within groups (Table 9
and Fig. 3).

3.9. Effects of the intervention variables in MCI
group

Friedman’s test showed significant differences in
the effects within the group (P < 0.05) (Table 10).
Post-hoc Wilcoxon signed-rank test showed that
tDCS was superior to other therapeutic modali-
ties (light or/and CBE), in improving the anxiety,
memory, comprehension, calculation, attention, ori-
entation, and dual-task domains. The CCT showed
greater effectiveness than other therapeutic modali-
ties (light, RAGT or/and CBE) in improving memory,
comprehension, calculation, attention, orientation,
dual-task domains. The music therapy was better
than other therapeutic modalities (tDCS, light, CCT,
RAGT, or/and CBE) in improving the depression,
anxiety, memory, comprehension, attention, and ori-
entation domains (Fig. 4).

4. Discussion

The present single-blinded quasi-randomized
experimental study demonstrated the effects of MCT
on cognitive (memory retention, comprehension, cal-
culation, concentration, orientation, and awareness)
and psychological function (depression, and anxiety),
dual-task performance, and sleep disorders in young
healthy and older adults with MCI. As anticipated,
there were significant differences in the perceived
effects on depression, anxiety, memory retention,
comprehension, calculation, attention, orientation,
dual-task performance, awareness, and sleep disor-
ders between and within groups. In particular, MCT
substantially improved cognitive function, includ-
ing memory retention, comprehension, calculation,
attention, and orientation, contributing to clinically
meaningful outcomes in MCI rehabilitation.

The tDCS therapy-related effectiveness data
revealed greater enhancements in memory retention,
calculation skills, orientation, dual-task performance,
and awareness domains in the MCI group than in
the healthy group. In addition, tDCS therapy-related
effectiveness data demonstrated that tDCS signifi-
cantly increased anxiety, memory, comprehension,
calculation, attention, orientation, and dual-task per-
formance domains compared to other interventions
(light and/or CBE) in the MCI group. This finding
is consistent with previous results (Cruz Gonzalez et
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Table 10
Effects of the intervention variable in MCI group

tDCS Light CCT RAGT CBE Music χ2 P-value

Depression 3.58 2.93 3.35 3.53 2.85 4.78 18.034 0.003∗∗
Anxiety 3.83 2.98 3.35 3.40 2.65 4.80 20.406 0.001∗∗
Memory retention 4.35 2.70 4.00 3.25 2.65 4.05 19.048 0.002∗∗
Comprehension 3.90 2.58 4.10 3.18 2.98 4.28 16.065 0.007∗∗
Calculation skills 4.13 2.90 4.47 3.13 2.80 3.58 16.549 0.005∗∗
Attention 3.83 2.85 3.90 3.20 2.88 4.35 14.274 0.014∗
Orientation 4.43 2.63 4.33 3.38 2.53 3.73 23.748 0.000∗∗
Dual-task performance 4.18 2.75 4.15 3.58 2.78 3.58 15.270 0.009∗∗
Awareness 3.75 2.70 4.13 3.55 3.40 3.48 8.832 0.116
Sleep quality 3.10 2.90 4.30 3.53 3.78 3.40 9.661 0.085

tDCS, transcranial direct current stimulation; CCT, computerized cognitive training; RAGT, robot-assisted gait training; CBE, core breathing
exercise; Friedman test; ∗P < 0.05, ∗∗P < 0.01.

Fig. 4. Effects of each therapeutic modality on specific outcome domains in the MCI group.

al., 2018; Gu & Zhang, 2019). Gonzalez et al. (2018)
reported that tDCS resulted in an 8.13% increase
in cognitive function, including executive function,
memory, attention, and orientation, as measured by
MoCA in older adults with MCI (Cruz Gonzalez
et al., 2018). Gu et al. (2022) reported that tDCS
after 20 min improved cognitive function (3.49%),
memory (9.72%), and mental control (1.08%), as

measured using the MoCA and Wechsler memory
scales, respectively, compared with sham tDCS in 40
patients with MCI (Gu & Zhang, 2019). A possible
underlying neural mechanism for such effects is that
anodic tDCS results in depolarization of the resting
membrane potential in neurons and enhances corti-
cal activation through an increase in the frequency
of spontaneous neuronal firing, while cathodic tDCS
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induces hyperpolarization of the resting membrane
potential in neurons and suppresses cortical activa-
tion by reducing the firing frequency of neurons (Park
et al., 2019). tDCS may increase neural activation
between the amygdala (emotion and memory) and
the lateral prefrontal cortex (cognition, memory, and
executive functions) and, more extensively, indirect
transmission via other related cortical areas, such as
the anterior cingulate (motivation, decision making,
and calculation) (Chen et al., 2022; da Silva et al.,
2022).

The CCT therapy-related effectiveness data
demonstrated greater improvements in memory
retention, comprehension, calculation skills, atten-
tion, orientation, dual-task performance, and aware-
ness domains in the MCI group than in the healthy
group. Moreover, the effectiveness data pertaining
to CCT indicated a notable enhancement in cog-
nitive domains such as memory, comprehension,
calculation, attention, orientation, and dual-task per-
formance domains compared with other interventions
(light therapy, CBE, and/or RAGT) in the MCI
group. This finding is consistent with previous CCT
findings in older adults with MCI (Herrera et al.,
2012; Lee et al., 2018; Tang et al., 2019). Lee et
al. (2018) demonstrated that COMCOG, a type of
CCT, improved attention and memory by 64.46% and
150.98%, respectively, in a Seoul neuropsychological
screening battery of 10 elderly individuals with MCI
(Lee et al., 2018). Herrera et al. (2012) showed that
computer-based cognitive training increased working
memory, which involves remembering, understand-
ing, and manipulating information, by 10.34% in a
group of 11 elderly individuals with MCI (Herrera
et al., 2012). Tang and colleagues (2019) reported
that a computerized, multidomain, adaptive training
program increased MoCA scores by 15.34% in a
group of 30 elderly individuals with MCI (Tang et
al., 2019). A possible explanation for these findings
is that CCT may have an impact on neural circuits.
By engaging individuals in the repetitive execution
of targeted cognitive tasks, CCT enables the modifi-
cation and fortification of neural circuits within the
brain (Keshavan et al., 2014). This form of training
has the potential to augment cognitive capabilities
by promoting synaptic strengthening and establishing
novel neural connections (Keshavan et al., 2014).

Music therapy-related effectiveness data showed
greater positive changes in depression, anxiety, com-
prehension, calculation skills, and dual tasks domains
in individuals with MCI than in controls. Fur-
thermore, music therapy-related effectiveness data

revealed more significant improvements in music
therapy than in other interventions (tDCS, light,
CCT, RAGT, and/or CBE) in the MCI group in
the following domains: depression, anxiety, mem-
ory, comprehension, attention, and orientation. This
result was consistent with previous data (Chu et al.,
2014; Satoh et al., 2014). Previous music therapy
evidence demonstrated that exposure to 40hz music
resulted in an 11.2% improvement in the MMSE
and a 13.4% improvement in attention among 104
older individuals with dementia (Chu et al., 2014).
Satoh et al. (2014) reported that a physical exer-
cise program combined with music had a positive
effect on brain function, showing a 13.1% increase
in voxel-based specific regional analysis systems
for Alzheimer’s disease in the MRI scans of 80
older individuals (Satoh et al., 2014). A possible
neurophysiological reason for these results is that
the cognitive and emotional dimensions of auditory
items are reflected in the sensory processing stages
from early sensory regions to high-order prefrontal
regions (Thielscher & Pessoa, 2007). Blanke (2012)
insisted that stimulating the processing of sensory
modalities such as auditory information can facilitate
orbitofrontal (sensory integration) and insular cortex
(sensory processing) activation, as well as an individ-
ual’s reactivity and adaptability to their surroundings
(Blanke, 2012). Music therapy is strongly associated
with cognitive and psychological function by mitigat-
ing physiological arousal, as indicated by decreased
cortisol levels, release of neurotransmitters (oxytocin
and endorphin), reduction in mean arterial pressure,
and lowered heart rate (Salafas et al., 2020; Wakim
et al., 2010).

In contrast to the light therapy-, RAGT-, and CBE-
related effectiveness data, we did not find group
differences in depression, anxiety, memory retention,
comprehension, calculation, concentration, orienta-
tion, dual-task performance, awareness, or sleep
disorders. Our findings deviate from those of pre-
vious studies, indicating a disparity in the results.
Andre and colleagues (2001) reported that bright
light therapy (3000 lux) improved cognitive func-
tion (18.1%), measured by MMSE, in 23 patients
with Alzheimer’s disease or vascular dementia (Graf
et al., 2001). Erickson et al. (2011) observed that
elderly individuals with higher levels of aerobic walk-
ing fitness exhibited a larger volume of the anterior
hippocampus (measured using fMRI) and displayed
superior performance in spatial memory tasks (Erick-
son et al., 2011). Similarly, Brinke et al. (2015)
demonstrated that aerobic walking exercises led to
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a significant increase (5.60%) in left hippocampal
volume in patients diagnosed with MCI, which cor-
related with improved verbal memory abilities (Ten
Brinke et al., 2015). The results in previous study,
showed that mindfulness exercises, which focus on
the breath, had increased functional connectivity
(13.3%) by the fMRI, and emotional distress (44.8%)
by the questionnaires, respectively, in 18 patients with
cognitive impairment compared to the controls who
received no intervention (Van der Gucht et al., 2020).
Wong et al. (2017) reported that participation in mind-
fulness meditation (body scan and breathing) resulted
in improved cognitive function (7.6%), depression
(26.5%), and anxiety (17.1%), as measured by the
MoCA and depression anxiety stress scales, respec-
tively, among 13 older adults with MCI (Wong et al.,
2017). A possible reason for this difference may be
related with immediate versus long-term treatment
duration.

Several research limitations should be consid-
ered in the future. One limitation of this study is
that we could not determine the long-term effects
of MCT. Therefore, it is necessary to examine the
long-term effects of these interventions in future
studies. Another limitation was the lack of homo-
geneity (age, weight, and MMSE scores) between
the groups. Please note that we compared normal
controls because no previously established normative
data is available to compare. Five minutes washout
periods may not be sufficient to eliminate the poten-
tial summation effect. The longer wash-out period is
warranted for the future study.

5. Conclusions

Our study demonstrated that tDCS, CCT, and
music therapy were immediately more effective than
light therapy, RAGT, and CBE in improving depres-
sion, anxiety, memory retention, comprehension,
calculation, attention, orientation, dual-task perfor-
mance, awareness, and sleep disorders in older adults
with MCI. These results provide clinical insights
when designing effective interventions to maximize
the potential recovery or prevention of progressive
declines in cognitive, psychological, dual-task per-
formance, and sleep functions in MCI.
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