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ABSTRACT: Objectives: The current study aimed to perform a meta-analysis to comprehensively investigate effect
of physical activity on cognitive function in people with Mild Cognitive Impairment. The findings of this study can
offer an important basis for identifying the significance of physical activity as an important factor in designing and
implementing strategies to enhance cognitive function in mild cognitive impairment. Methods: 21 articles were selected
through academic databases (EBSCOhost, PubMed, ScienceDirect, Web of Science), and 20 Montreal Cognitive
Assessment (MoCA) data and 15 Mini-Mental State Examination (MMSE) data were obtained. The study was conducted
using the meta-analysis. To test the validity of each article included in this study, a funnel plot and Egger ’s regression
analysis were carried out to check for publication bias. Results: The 95% confidence interval (CI) for the effect size was
interpreted as a small effect size if the effect size was between 0.2 and 0.5, a moderate effect size if the effect size was
between 0.5 and 0.8, and large if the effect size was greater than 0.8. First, the meta-analysis of MoCA data showed
a large effect size of 0.96; second, the meta-analysis of MMSE data indicated a large effect size of 0.93; and third, the
meta-analysis of MoCA and MMSE data together indicated a moderate effect size of 0.68. Conclusion: The current
study demonstrates the significant effect of physical activity on cognitive function and provides a basis for developing
programs to improve cognitive function. People diagnosed with mild cognitive impairment generally experience
minimal disruption in daily living activities. However, as the severity of the condition progresses, significant challenges
emerge, impacting the individual’s ability to carry out daily tasks. Research has demonstrated that physical activity
can enhance cognitive function in individuals with MCI. Consequently, it is recommended that these individuals be
motivated to participate in physical activity to optimize their cognitive function and enhance their overall quality of life.

KEYWORDS: Physical activity; mild cognitive impairment (MCI); montreal cognitive assessment (MoCA); mini-
mental state examination (MMSE); meta-analysis

1 Introduction

Mild Cognitive Impairment (MCI) is a state distinguished by cognitive decline and other types of
dementia [1]. MCI is a shifting condition from normal aging to dementia that does not substantially affect
daily life [2]. Therefore, people with MCI are often unaware of it. However, 10%-15% of people over the age of
65 have cognitive disorders, and more than half of them are at serious risk of progressing to dementia within
five years [3]. Cognitive impairment not only highly impacts the life satisfaction of life of older adults, but
also places a severe economic burden on healthcare [4,5]. Therefore, there is a need to detect, prevent, and
treat them before they lead to significant cognitive decline, such as dementia.
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The MCl is generally diagnosed by the standardized Montreal Cognitive Assessment (MoCA) and Mini-
Mental State Examination (MMSE) [6,7]. Both instruments can assess cognitive function in a relatively
short time and without special tools or equipment, with 30 points. Higher points indicate higher cognitive
function. However, the cutoft points for MCI are slightly different. Generally, a point of >26 for MoCA
and >24 for MMSE is considered normal. However, since both tools are simple screening tests, it is
important to have a detailed diagnosis and evaluation by a specialist to make a final diagnosis. The MoCA
assesses visuospatial/executive, vocabulary, attention, sentence, abstract, recall, and passing, while the MMSE
assesses time, place, memory registration, attention and computation, memory recall, language, and spatial
organization. The MoCA was developed as a method for quick screening of MCI [8]. Therefore, it has been
proven to have high specificity and sensitivity in confirming MCI [9]. In contrast, the MMSE is relatively not
sensitive enough to confirm MCI, but it is more specific and appropriate for diagnosing dementia [10].

Physical activity on a regular basis is a significant strategy to improve cognitive performance [11,12].
Many studies have indicated that people with MCI can maintain or return to normal cognitive levels with
proper strategies [13,14]. Some studies in the field of neuroimaging have argued that physical activity is
significantly effective in reducing cognitive function in older adults with and without cognitive impair-
ment [15,16]. Moreover, some longitudinal studies for healthy adults have also revealed that engaging in
physical activity strategies has effects on improving cognitive function and enhanced brain volume in the
brain [17-19]. However, other studies have reported little gap in cognitive function between physical activity
strategy and health education programs in longitudinal studies [20], and very limited evidence that specific
physical activity improves cognitive function in individuals with MCI [21], and the evidence for the benefits
of physical activity in elderly people with MCI is unclear [22]. To integrate the results of these conflicting
individual studies, we conducted a meta-analysis with a systematic literature review.

The current study aims to verify the effect of physical activity by providing comprehensive and objective
evidence of the disseminative to which physical activity has an effect on cognitive function in MCI through
meta-analysis. The findings of this study can offer a significant basis for identifying the importance of physical
activity as an important factor in designing and implementing strategies to improve cognitive function
in MCL

2 Methods
2.1 Data Search

The current study followed the PRISMA 2020 guideline [23]. We carried out a literature search for
research publications between January 2014 and August 2024. EBSCOhost, PubMed, ScienceDirect, and
Web of Science were used for the literature search. In each academic database, we searched for (“Montreal
Cognitive Assessment (MCA)” OR “Mini-Mental State Examination (MMSE)”) AND (“physical activity”
OR “exercise” OR “walking” OR “swimming” OR “cycling”).

2.2 Selection Criteria

The inclusion criteria for the literature were adopted and searched referring to PICOS [24]. First,
participants were required to have mild cognitive impairment. Second, the treatment and program (strategy)
of the experimental group was physical activity. Third, the control group did not apply physical activity
as a treatment method and program. Fourth, the results were MoCA and MMSE. Fifth, the study with a
randomized controlled trial (RCT) was adopted. Sixth, if a single article included more than one physical
activity group, we included all of them. Seventh, we included all studies that examined both MoCA and
MMSE in a single study. The characteristics of the studies selected according to PICOS are shown in Table 1.
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Table 1: Characteristics of studies
References Participant age Exercise program Period Measurement
(Number of (Intervention) tool
experimental/control
group)
Chang et al., 76.56 £ 3.60/75.94 £ 3.61 Chinese square dance 18 weeks MoCA
2021 [25] (n = 62/47)
Chen et al., 67.56 + 4.99/67.62 + 5.35 Tai chi chuan 36 weeks MoCA
2023 [26] (n = 97/90)
67.46 + 4.73/67.62 + 5.35 Fitness walking 36 weeks MoCA
(n =95/90)
Choi et al,, 74.90 £ 5.10/74.23 + 4.38 Ground kayak 6 weeks MoCA
2018 [27] (n =30/30) paddling exercise
Langoni et al,, 72.6 £7.8/71.9£79 (n=  Strength and aerobic 24 weeks MMSE
2019 [28] 26/26) training
Hanssan et al., Above 50 yrs of age (n = Resisted exercises 6 weeks MoCA/MMSE
2021 [29] 15/15)
Jeong et al., 71.67 + 5.66/71.00 + 5.36 A multi-task exercise 24 weeks MoCA/MMSE
2019 [30] (n =10/10) program
Jeong et al,, 70.23 £ 7.47/71.77 £ 5.53 A multi-component 12 weeks MMSE
2021 [31] (n =13/13) intervention program
Khanthongetal, 60.26 + 5.67/61.47 + 7.49 Traditional Thai 12 weeks MoCA
2021 [32] (n = 35/36) exercise (Ruesi
Dadton)
Khodaee et al., 65.4 + 2.93/66.79 + 2.5 (n Aerobic exercise 12 weeks MMSE
2020 [33] =717) program
Lietal., 2021 [34]  Above 60 yrs of age (n = Multi-component 6 months MoCA/MMSE
42/42) exercise training
Phoemsapthawee 65 to 87 yrs of age (n = Arm swing exercise 12 weeks MMSE
et al., 2016 [35] 24/24)
Phoemsapthawee 777 +77/73.7 +83(n= A multi-component 12 weeks MMSE
etal., 2022 [1] 20/18) exercise training with
Gotu kola
supplementation
732+49/73.7£83(n= A multicomponent 12 weeks MMSE
16/16) exercise training
Qietal., 2019 [36] 70.6 £6.2/69.1+81(n=  Specially designed 3months  MoCA/MMSE
16/16) moderate-intensity
aerobic dance
Song et al. 76.71 + 5.96/75.20 + 6.63 Aerobic dancing 16 weeks MoCA
2024 [37] (n =45/44) program
Wan et al., 67.31 + 5.58/64.71 + 5.07 Baduanjin exercise 24 weeks MoCA
2022 [38] (n =26/24)

(Continued)
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Table 1 (continued)

References Participant age Exercise program Period Measurement
(Number of (Intervention) tool
experimental/control
group)
Wang et al. 66.90 + 4.54/67.64 £ 5.49  Baduanjin exercise 24 weeks MoCA
2024 [39] (n = 60/60)
Yang et al., 679 +3.6/72.6 £ 5.6 (n = Aerobic and resistance 12 weeks MMSE
2022 [40] 33/33) trainings
Yoon et al, 2017 [2] 76.00 + 3.94/78.00 = 2.77  Elastic band-based 12 weeks MoCA/MMSE
(n=14/7) low-speed strength
training
75.00 + 3.46/78.00 + 2.77  Elastic band-based 12 weeks MoCA/MMSE
(n=9/7) high-speed power
training
Yuetal, 2022 [4]] 673 +4.2/67.6+81(n= Tai chi training 24 weeks MoCA
12/12)
672 + 6.8/676 + 81 (n= Conventional exercise = 24 weeks MoCA
10/12)
Zhang et al., 66.67 + 6.04/69.75 + 702 Traditional Chinese 12 weeks MoCA/MMSE
2023 [10] (n =14/10) exercise combined
with rhythm training
66.22 + 5.51/69.75 + 7.02 Walking 12 weeks MoCA/MMSE
(n = 13/10)
Zheng et al., 65.79 + 4.35/65.86 + 528  Baduanjin exercise 6 months MoCA
2021 [42] (n = 20/20)
64.88 + 3.30/65.86 + 5.28 Brisk walking training 6 months MoCA
(n=20/20) or usual physical
activity

2.3 Selection Process

In the initial stage of the data selection, 2078 articles from EBSCOhost, 1353 from PubMed, 317 from
ScienceDirect, and 1245 from Web of Science were retrieved. Of these, we excluded 3371 duplicates, and 1581
were eliminated by reviewing the titles and abstracts; finally, the remaining 21 articles were chosen and used
for the current study. The PRISMA flow chart of the literature selection process is shown in Fig. 1 [43].

2.4 Coding

Authors (year of publication), age of participants, exercise program (intervention), duration of treat-
ment, and measurement were coded as shown in Table 1. If a study included more than one physical activity
group, we coded them in separate rows. If a study assessed both MoCA and MMSE, we entered both
instruments in the instrument field. The data was coded by two PhDs in sport psychology, and a professor
of sports and exercise psychology was consulted in the event of disparities during the coding process.
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Articles first identified through
searching databases (n = 4993)

!

Excluded duplicate articles (n =
3371)

Articles after duplicates excluded
(n =1622)

!

Records excluded on title and
abstract
(n =1581)

Full-text articles assessed for
eligibility (n = 41)

Full-text articles excluded
(Total n = 20) as they did not

meet the inclusion criteria:

Inconsistencies in research
design (n = 8)
Missing data (n = 12)

A total of 21 records included

Figure 1: Flowchart outlining article selection process

2.5 Statistical Analysis

The R program (ver. 4.3.3) was applied for the meta-analysis and the effect size was determined based
on Cohen’s recommendation [44]. The I? value was applied to test the heterogeneity of the selected articles
and Schmitt et al. indicated the level of heterogeneity (I* = 25%-50%: low heterogeneity, 50%-75%: moderate
heterogeneity, 75% or more: high heterogeneity) [45]. Additionally, a random-effects model was chosen
if high heterogeneity appeared among the included studies, and a fixed-effect model was chosen for low
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heterogeneity [45]. To test the validity of each article included in this study, a funnel plot and Egger’s
regression analysis were carried out to confirm publication bias [46].

3 Results

3.1 General Characteristics of the Selected Literature

21 articles were selected for analysis in this study. However, six studies included two physical activity
groups in one study and eight studies examined both MoCA and MMSE. Therefore, a total of 35 studies
were analyzed. The participants were aged 50 years or older with MCI. Participants participated in a physical
activity program (intervention) of 6 to 36 weeks.

3.2 Publication Bias

We performed funnel plots and Egger’s regression tests to check publication bias. The funnel plot for
the MoCA data is presented in Fig. 2a, and the regression analysis reveals that there is no publication bias
(=2.2829; t = 1.99, df =18, p = 0.0616). The funnel plot for the MMSE data is indicated in Fig. 2b, and the
regression reveals that there is no publication bias (=2.0506; t = 1.75, df =13, p = 0.1044). In contrast, when
MoCA data and MMSE data were regressed together (bias = 2.0513; ¢ = 2.71, df = 33, p = 0.0106) indicated
publication bias, so we adjusted the publication bias (=0.2837; t = 0.32, df =42, p = 0.7537) by adding 9 articles
using a trim-and-fill algorithm. The adjusted funnel plot is presented in Fig. 2c.
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Figure 2: Funnel plots. (a) Funnel plot of MoCA; (b) Funnel plot of MMSE; (c) Adjusted funnel plot of MoCA and
MMSE

3.3 Meta-Analysis

The findings of the MoCA data analysis are shown in Fig. 3. The heterogeneity among the studies was
considered statistically significant (I* = 79.7%, p < 0.001) by analyzing with a random-effects model. The
effect size was 0.9648 (95% CI = 0.6344, 1.2952), which revealed a large effect size and a significant difference
(z=5.72, p < 0.001). The findings of the MMSE data analysis are also shown in Fig. 3. Given the significant
heterogeneity among the studies (I* = 49.8%, p = 0.0148), a random effects model was applied. From this
analysis, the effect size was 0.9317 (95% CI = 0.6700, 1.1933), which revealed a large effect size, and there was
a statistically significant difference (z = 6.98, p < 0.001). In addition, the results of the MoCA and MMSE data
analysis together are demonstrate in Fig. 3. As the heterogeneity between the included studies was significant
(I = 72.2%, p < 0.001), a random effects model was applied. The effect size was 0.9605 (95% CI = 0.7383,
1.1828), which is a large effect size, and there was a statistically significant difference (z = 8.47, p < 0.001).
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However, regressing the MoCA and MMSE data together showed publication bias, so publication bias was
adjusted using a trim-and-fill algorithm. Fig. 4 shows the findings of the meta-analysis after adjusting bias.
The effect size was 0.6776 (95% CI = 0.4029, 0.9523), demonstrating a moderate effect size, and there was a
statistically significant difference (z = 4.84, p < 0.001).

Study

outcome = MoCA
Chang et al., 2021 [25]
Chen et al., 2023 [26]
Chen et al., 2023 [26]
Choi & Lee, 2018 [27]
Hassan et al., 2021 [29]
Jeong et al., 2019 [30]
Khanthong et al., 2021 [32]
Li etal., 2021 [34]

Qi etal., 2019 [36]
Song et al. 2024 [37]
Wan et al., 2022 [38]
Wang et al. 2024 [39]
Yoon et al., 2017 [2]
Yoon et al., 2017 [2]

Yu et al., 2022 [41]

Yu et al., 2022 [41]
Zhang et al., 2023 [10]
Zhang et al., 2023 [10]
Zheng et al., 2021 [42]
Zheng et al., 2021 [42]
Common effect model
Random effects model

Heterogeneity: /% = 79.7%, t2 = 0.4449, p < 0.0001

outcome = MMSE
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Hassan et al., 2021 [29]
Jeong et al., 2019 [30]
Jeong et al., 2021 [31]
Khodaee et al., 2020 [33]
Li etal.,, 2021 [34]

Phoemsapthawee et al., 2016 [35]
Phoemsapthawee et al., 2022 [1]
Phoemsapthawee et al., 2022 [1]
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Yang et al., 2022 [40]
Yoon etal., 2017 [2]
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Test for subgroup differences (common effect): 12 =0095,df =1 (p =0.3291)
Test for subgroup differences (random effects): 3 = 0.02, df = 1 (p = 0.8776)

Experimental

Total Mean SD Total
62 22.34 1.8700 47
97 2487 2.6400 90
95 23.93 3.3600 90
30 25.13 2.7800 30
15 2193 15700 15
10 22.89 32200 10
35 22.09 34700 36
42 2519 1.2900 42
16 24.30 22000 16
45 2350 2.0000 44
26 2531 24100 24
60 22.89 3.5900 60
14 24.29 2.5800 7
9 18.33 5.2900 7
12 25.00 25000 12
10 26.60 1.9000 12
14 2328 36900 10
13 20.89 53500 10
20 24.30 1.7800 20
20 22.45 2.4000 20
645 602
26 25.00 47000 26
15 2320 1.6900 15
10 26.22 0.9700 10
13 2569 25300 13
7 28.10 0.5000 7
42 27.79 11800 42
24 2090 51000 24
20 22.20 3.6000 18
20 22.70 2.8000 18
16 28.20 1.0000 16
33 27.80 1.6000 33
14 25.36 1.7800 7
9 24.56 3.2100 7
14 2578 1.8900 10
13 23.56 5.3600 10
276 256
921 858
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Figure 3: Forest plots of MoCA and MMSE [1,2,10,25-42]
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Experimentélontrol Standardised Mean
Study SMD SE(SMD) Total Total Difference SMD 95%-Cl Weight
Chang et al., 2021 [25] 05650 0.1973 62 47 - 056 [0.18; 0.95] 27%
Chen et al., 2023 [26] 07175 01511 97 90 B 0.72 [0.42; 1.01] 27%
Chen et al., 2023 [26] 03705 0.1484 95 90 £ 0.37 [0.08; 0.66] 2.7%
Choi & Lee, 2018 [27] 12281 02830 30 30 e 123 [0.67; 1.78] 25%
da Silveira Langoni et al., 2019 [28] 1.0273 02964 26 26 .- 1.03 [0.45; 1.61] 25%
Hassan et al., 2021 [29] 1.7363 04367 15 15 — 174 [0.88; 259] 22%
Hassan et al., 2021 [29] 12746 04053 15 15 = 1.27 [0.48; 207] 23%
Jeong et al., 2019 [30] 12366 04970 10 10 —a— 124 [0.26; 221] 21%
Jeong et al., 2019 [30] 1.4202 05119 10 10 s 142 [042; 242]) 2.0%
Jeong et al., 2021 [31] 04388 03977 13 13 e — 044 [-0.34; 1.22] 23%
Khanthong et al., 2021 [32] 08709 02490 35 36 == 0.87 [0.38; 1.36] 26%
Khodaee et al., 2020 [33] 23396 0.7431 7 7 —+—— 234 [088; 3.80] 1.6%
Li etal., 2021 [34] 1.2936 0.2409 42 42 == 129 [0.82; 1.77] 2.6%
Li etal., 2021 [34] 33795 03446 42 42 —+— 338 [2.70; 406] 24%
Phoemsapthawee et al., 2016 [35] 0.3575 02912 24 24 T 0.36 [-0.21; 0.93] 25%
Phoemsapthawee et al., 2022 [1] 05427 03314 20 18 Tea— 0.54 [-0.11; 1.19] 2.4%
Phoemsapthawee etal., 2022 [1] 0.8042 03391 20 18 5 0.80 [0.14; 1.47] 2.4%
Qi etal., 2019 [36] 06290 03633 16 16 T 0.63 [-0.08; 1.34] 2.4%
Qi etal., 2019 [36] 02782 03555 16 16 —t 0.28 [-0.42; 0.97] 2.4%
Song et al. 2024 [37] 0.8023 0.2207 45 44 NN 0.80 [0.37; 1.23] 26%
Wan et al., 2022 [38] 09270 02990 26 24 —w= 093 [0.34; 1.51] 25%
Wang et al. 2024 [39] 05878 0.1866 60 60 o 059 [022; 095] 27%
Yang et al., 2022 [40] 06189 02524 33 33 e 062 [0.12; 1.11] 26%
Yoon et al., 2017 [2] 23600 06129 14 7 —+—— 236 [1.16; 3.56] 1.8%
Yoon et al., 2017 [2] 1.2268 0.5615 9 7 — 123 [0.13; 233] 1.9%
Yoon et al., 2017 [2] 21790  0.5931 14 7 — 218 [1.02; 3.34] 1.9%
Yoon et al., 2017 [2] 0.0404 0.5040 9 7 —sEi 0.04 [-0.95; 1.03] 2.1%
Yu et al., 2022 [41] 1.4435 04670 12 12 —a— 1.44 [0.53; 2.36] 21%
Yu et al., 2022 [41] 1.8237 05238 10 12 — s 1.82 [0.80; 2.85] 2.0%
Zhang et al., 2023 [10] 11735 04532 14 10 —tea— 1.17 [0.29; 2.06] 2.2%
Zhang et al., 2023 [10] 01792 04216 13 10 —= 0.18 [-0.65; 1.01] 2.2%
Zhang et al., 2023 [10] 08886 04369 14 10 }—*—— 0.89 [0.03; 1.74] 22%
Zhang et al., 2023 [10] 02518 04226 13 10 —Ra 0.25 [-0.58; 1.08] 2.2%
Zheng et al., 2021 [42] 08533 03317 20 20 I—'— 0.85 [0.20; 1.50] 2.4%
Zheng et al., 2021 [42] 02062 03172 20 20 N H 021 [-0.42; 0.83] 25%
Filled: Li et al., 2021 [34] 0.0155 02409 42 42 . 0.02 [-0.46; 0.49] 26%
Filled: Jeong et al., 2019 [30] -0.1112 05119 10 10 — -0.11 [-1.11; 0.89] 2.0%
Filled: Yu et al., 2022 [41] -0.1344 04670 12 12 —as -0.13 [-1.05; 0.78] 2.1%
Filled: Hassan et al., 2021 [29] -0.4272 04367 15 15 —E -043 [-1.28; 0.43] 22%
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Figure 4: Adjusted forest plot of combined MoCA and MMSE [1,2,10,25-42]

4 Discussion

A meta-analysis was performed to comprehensively analyze and confirm the effect of physical activity
on MCI. As a result, the effect size of physical activity on the MoCA score of MCI was 0.96 and the MMSE
score was 0.93, which both values were large. Moreover, when the MoCA and MMSE scores were analyzed
together, the effect size before adjusting for publication bias was 0.96, while after adjusting the effect size was
0.68, which was a moderate effect size. The findings can be explained that physical activity has a significant
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effect on MCI. The publication bias is likely because the MoCA and MMSE tests have the same total score, but
different assessment criteria and sensitiveness and specification of the cognitive function assessment tools.

The current findings indicated that physical activity significantly improves cognitive function demon-
strating that cognitive function scores increased in all included studies. However, none of the studies
showed statistical differences between groups. When analyzed by type of physical activity, the intervention
effects of aerobic exercise [33], dance [25,37], and training with elastic bands did not show statistical
differences in MoCA scores when trained at low speeds, although some studies showed statistical differences
between walking and multicomponent or combined exercise [26,40,41], while others have not [10,31].
However, statistical differences were found for resistance exercise [29], Tai Chi [26,41], Baduanjin [38,39],
and traditional Thai exercise [32]. A meta-analysis of studies examining the effects of exercise in individuals
with MCI revealed a modest effect, with a 42% effect size for clinical outcomes and an 8% effect size for
cognitive outcomes, which was statistically significant [21]. It can be inferred that different types of physical
activity produce different effects on cognitive function.

Furthermore, when analyzed according to the duration of the physical activity program, walking did
not show differences after 6 months of participation [42]. However, a longer intervention of 36 weeks
showed a statistical difference even for relatively low-intensity exercises such as walking [26], and for
multicomponent exercises, some studies found no statistical difference after 12 weeks of intervention [31],
while others found a statistical difference [1]. When looking at resistance exercise programs, the studies that
showed a statistical difference used three 80 min exercises per week, while the studies that did not show a
statistical difference used two 90 min exercises per week. This suggests that the intensity of exercise may
also be a crucial factor in cognitive improvement. In the case of resistance training and ground kayaking,
there was a statistical difference between the two exercise programs, even after a short six-week period
of participation. A meta-analysis of cognitive function studies in mildly cognitively impaired individuals
also found significant improvements in short-term memory, attention, visual-spatial/executive function, and
global cognitive function [47]. Taken together, these findings imply that the type of exercise, intensity, and
duration of the intervention can affect cognitive function.

Previous research has reported that complex physical activity combined with strenuous mental activities
can help enhance physical and cognitive function [48]. In recent, mind-body exercises such as Tai Chi [26,41],
Baduanjin [38,39], and Ruesi Dadton have been studied for their positive effect on cognitive function [32].
The findings indicated that cognitive function improved with statistically significant differences, and that
mind-body exercises were more effective in promoting cognitive function compared to walking [26,42].
Mind-body exercises include various activities such as skeletal muscle relaxation and stretching, as well as
body coordination and regular breathing movements [49]. In addition, meditative states are also involved
in mind-body exercises to regulate attention and consciousness [50]. In particular, mind-body exercises
are comparatively mild intensity and slow pace compared to aerobic or resistance exercises, making them
suitable for older people with MCI.

In recent, it has become plausible to non-invasively assess cortical brain activity using near-infrared
light in human subjects [51-53]. Concurrently, extant studies employing optical neuroimaging techniques
have demonstrated the capacity to assess various forms of cerebral activity, including physical activity [54,55],
visual activation [56,57], and cognitive task performance [51,57,58]. This ability is predicated on the premise
that heightened cortical brain activity is concomitant with elevated levels of oxygenated hemoglobin and
diminished levels of deoxygenated hemoglobin, phenomena that manifest within seconds of the onset of
augmented brain activity [59].

Based on these mechanisms, in neuroimaging, studies have reported a significant effect of regular
exercise on cognitive function in older adults with and without MCI [15,16]. Some studies have indicated
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that sexercise interventions enhance the amount of gray and white matter in the prefrontal cortex, resting-
state functional connectivity between the medial prefrontal cortex and medial temporal lobe, and the
function of the dorsolateral prefrontal, occipital parietal, and anterior cingulate cortex in the executive
control network [60,61]. It has also been reported that the mind-body exercise intervention, Baduanjin,
increases resting functional connectivity between the bilateral hippocampus and prefrontal cortex and may
delay memory decline due to aging [62]. In summary, exercise has a positive and significant effects on brain
structure [19,63] and brain function [64].

5 Limitations and Implications

The current study provides significant findings regarding effects of exercise on cognitive function.
Nevertheless, this study has some limitations. The main outcome measures employed in the current study
were MoCA and MMSE. A meta-analysis of the extant literature revealed significant heterogeneity among
the findings. This result is hypothesized to have occurred because the environment, methods, and duration
of physical activity interventions varied from study to study. Furthermore, the observed publication bias in
combining the two measurement techniques is believed to result from differences in the susceptibility and
specificity of the cognitive function assessment instruments, along with variations in evaluation criteria, even
though the total scores on MoCA and MMSE assessments are equivalent.

MoCA is sensitive to MCI and early dementia; however, it carries a high risk of false positives among
normal subjects. It evaluates various cognitive domains, including executive function, but its results are
significantly influenced by education level and language proficiency. In comparison, MMSE demonstrates
lower sensitivity than MoCA in detecting MCI but exhibits higher specificity in distinguishing normal from
abnormal subjects. Nevertheless, its assessment of cognitive domains remains limited and is influenced by
educational and linguistic factors. Therefore, selecting the appropriate instrument for a specific assessment
or adopting a complementary approach is crucial to maximize each tool’s strengths while addressing their
respective limitations.

The number of articles applied to the meta-analysis may not be sufficient. However, the number of
studies applied for a meta-analysis is not depend on the researcher’s control, and it is technically feasible to
performe a meta-analysis with more than two studies [65]. In addition, applying a general framework for
MCI raises the problem that other potentially pathogenic processes and subtypes may be confounded in the
MCI diagnosis. The training period was relatively short, and some training was not sufficiently intense to
optimize neurophysiological or neuropsychological changes.

Future research should employ more effective measures and tests of cognitive function to assess
longitudinal changes, in addition to the MoCA and MMSE. The most critical issue in this field is to expand
findings to evaluate the impact of cognitive improvement on daily activities, quality of life, and psychological
well-being. Furthermore, research is needed that considers various factors, such as frequency, intensity, time,
and type of exercise, which may positively influence both activities of daily living and cognitive function
in people with MCI. In spite of these limitations, the current study offers significant data on the effects of
physical activity strategies on the cognitive function of individuals with MCI.

6 Conclusions

The current study carried out a meta-analysis to determine the effects of physical activity on cognitive
function in people with MCI. The conclusions are as follows. Physical activity has significant effects on cog-
nitive function in people with MCI. Based on these findings, it is concluded that the current study provides
fundamental knowledge for developing physical activity interventions to improve cognitive function in MCI.
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