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Optimal dose and type of
exercise to improve cognitive
function in patients with mild
cognitive impairment: a
systematic review and network
meta-analysis of RCTs

Yingying Yu, Junjie Wang* and Jian Xu

School of Sport and Health Sciences, Dalian University of Technology, Dalian, China

Background: Mild cognitive impairment (MCI) represents a prodromal stage of
dementia, characterized by cognitive decline exceeding that expected with
normal aging. Exercise interventions have emerged as a promising approach to
counter functional decline and enhance cognitive function in the elderly MCI
population. However, the optimal exercise modalities and dosage (dose-
response relationship) are understudied.

Objective: It aims to determine the most effective exercise modality for MCI
patients by optimizing the dose-response relationship to ensure sufficient
intensity to induce positive neurological adaptations.

Methods: A systematic search of electronic databases, including PubMed,
Embase, Scopus, Web of Science, and Cochrane Central Register of Controlled
Trials was conducted from inception to April 15, 2024. Studies evaluating the
efficacy of exercise interventions in MCI participants were included. Primary
outcomes of interest are global cognition and executive function. Random-
effects models will be utilized for both pairwise and network meta-analysis.

Results: Following the application of specific inclusion and exclusion criteria, a
total of 42 articles, encompassing 2832 participants, were chosen for inclusion in
a network meta-analysis. The findings revealed that multi-component exercise
demonstrated superior efficacy in mitigating the deterioration of global
cognition, as evidenced by standard mean differences (SMDs) of 1.09 (95% ClI:
0.68 to 1.51) compared to passive controls. Additionally, multi-component
exercise exhibited a significant impact on executive function, with SMDs of
2.50 (95% Cl: 0.88 to 4.12) when contrasted with passive controls. Our
research has demonstrated that sessions lasting 30 minutes, occurring 3-4
times per week, with interventions lasting 12-24 weeks and an intensity of 60-
85% of maximum heart rate, yield higher effect sizes in improving global
cognition. However, sessions lasting 30-61 minutes, with interventions lasting
25 weeks or longer, show greater effectiveness in enhancing executive function.
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Conclusion: A network meta-analysis identified multi-component exercise as the
most effective intervention for improving global cognitive and executive function
in patients with mild cognitive impairment. Notably, moderate-intensity exercise
performed at least three times weekly appears beneficial, with evidence suggesting
shorter sessions and higher frequencies may optimize cognitive outcomes.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO,
identifier CRD42024534922.

KEYWORDS

cognitive function, mild cognitive impairment, exercise, dose-response relationship,
network meta-analysis

1 Introduction
1.1 Elderly people with MCI

As the demographic shift towards an older population
continues (1), there is a significant rise in the number of elderly
individuals experiencing cognitive disorders such as Alzheimer’s
disease, dementia, and mild cognitive impairment (2). It is also
reported that the number of older adults with cognitive problems
reached one-third, and approximately one-fifth older adults suffer
from mild cognitive impairment, and another one-seventh suffer
from dementia (3). This trend has emerged as a pressing public
health concern, prompting increased focus from healthcare
providers, researchers, and policymakers (4-6). Meanwhile we
learned that a heavy social and economic burden is expected to
result from cognitive impairments associated with aging, and will be
US $2.54 trillion in 2030 (7). The mild cognitive impairment, in
particular, is recognized as a transitional phase between normal age-
related cognitive decline and the more severe symptoms associated
with dementia (8), including memory loss, language difficulties, and
impaired judgement (9, 10). MCI is estimated to be prevalent
among people over 60 years old by about 15% (11).Individuals
with mild cognitive impairment and their family members may
recognize alterations in cognitive function, though these changes
may not be severe enough to significantly impact daily functioning
or disrupt typical activities (12, 13). MCI is associated with an
elevated risk of developing dementia, particularly Alzheimer’s
disease or other neurological disorders (14). However, the
progression of MCI can vary among individuals, with some
experiencing stability, deterioration, or even improvement in
cognitive abilities (15). While individuals with MCI face an
increased risk of developing dementia, it is not a certainty (16).
Studies show that 10 to 15% of people with MCI go on to develop
dementia within a year (17). Dementia affects about 1% to 3% of
older adults each year (15, 18).
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1.2 Exercise improves MCI

Recent research suggests that exercise may enhance cognitive
function in individuals with mild cognitive impairment (19).
Studies have shown that exercise interventions can potentially
reverse functional decline and improve cognitive abilities in
elderly patients with MCI (20, 21). It has been shown in RCTs
that exercise can enhance cognitive functioning in older adults,
including global cognition and executive function (22-24).
Additionally, neuroimaging studies have demonstrated that
exercise can positively impact brain structure and functional
connectivity by enhancing levels of growth factors like brain-
derived neurotrophic factor (BDNF) (25, 26). Numerous studies
have demonstrated that various exercise modalities may exert their
beneficial effects through distinct molecular mechanisms (27).
Consequently, it is imperative to ascertain the most efficacious
types of exercise for enhancing cognitive function in mild cognitive
impairment individuals (28). NMA offer a means of comparing
interventions for a specific condition, providing quantitative
evaluations and rankings of their efficacy (29). Thus, enabling the
identification of the optimal exercise regimen for patients with MCI.

1.3 Exercise dose-response relationship

Currently, numerous studies have examined the impact of
exercise on enhancing cognitive function in individuals with MCI.
However, there is a lack of definitive research analyzing and
discussing the optimal exercise dosage with ME (30).The exercise
dose-response relationship is a significant factor in enhancing
cognitive function in MCI individuals (31). Achieving an optimal
balance is essential to maximize benefits while minimizing the risk of
fatigue or injury (32, 33). Components of dose-related effects in
exercise therapy include parameters such as training intensity,
frequency, and duration (34). Exercise dose parameters have been
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linked to enhanced fitness levels, potentially impacting cognitive
function through the promotion of brain plasticity (35). The
purpose of this review is to find out the most effective dose
parameters for enhancing cognitive function, specifically global
cognition and executive function in mild cognitive impairment
individuals (36). The study quantified the dose relationship of
optimal exercise on global cognition and executive function using
advanced methods (37). Improving the quality of life of elderly people
with cognitive impairment by improving their brain health (38).

To sum up, there are two main issues in this paper, one is which
types of exercise are most effective for patients with mild cognitive
impairment, and the other is which parameters define the optimal
exercise dose.

2 Methods

According to the PRISMA guidelines, this systematic review
was preregistered with a meta-analysis PROSPERO reference
number (CRD42024534922) (39). To accomplish this program,
authors followed the Cochrane Handbook for Systematic Reviews
of Interventions.

2.1 Data sources

A systematic search was conducted on the PubMed, Embase,
Scopus, Web of Science, and Cochrane Central Register of
Controlled Trials databases from their inception to April 15,
2024. The search strategy is detailed in Appendix 1. In addition
to screening titles/abstracts and full-text articles independently and
in duplicate, discrepancies were resolved through discussion with a
third author, XJ.

2.2 Inclusion and study selection

For the network meta-analysis (NMA) and review to be
included, studies had to meet the following criteria: (1) the
participants had to have been diagnosed with MCI (2) age 60
years (3) RCTs (4) were written in English (5) experimental group
used various type of exercise intervention (6) control group may not
receive exercise intervention (usual care, health education), or other
exercise intervention methods (7) outcome including global
cognition and executive function and above. The exclusion
criteria are as follows: (1) cognitive impairment patients with
Parkinson’s disease, dementia, or psychiatric illness (due to
pathological changes accompanying exercise that may have
confounded its effects) (2) non-RCTs (3) lack of extractable
outcomes (4) non-English peer-reviewed full text (5) conference
abstracts (6) reviews of the literature full text.

2.3 Data extraction

The data extraction process was conducted independently by
two reviewers (YY and WJ), with disagreements resolved through
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discussion to achieve consensus. In cases where disagreements
persisted, a third reviewer (XJ) made the final decision. The
extracted data included study and participant characteristics,
exercise intervention measures of experimental group and control
group, exercise dose parameters (such as frequency, duration per
session, length of intervention), and outcomes (statistical data at the
endpoint of the intervention) as outlined in the Table 1. Missing
data were addressed by contacting the author via email.

In the course of data extraction, we consulted the Chinese
guidelines for the diagnosis and treatment of mild cognitive
impairment to categorize cognitive function, and referenced the
Physical Activity Guidelines for Americans and prior systematic
reviews for the classification of exercise interventions (40, 41). To
assess the impacts of different types of exercise interventions, we
categorized exercise interventions into four hierarchical levels. First,
interventions were classified as either “Exercise” or “Control” at the
initial level. At the subsequent class level, interventions were further
categorized based on their primary exercise type: (1) Aerobic
Exercise (AE) aimed at enhancing cardiovascular fitness through
activities like walking, running, or cycling; (2) Resistance Exercise
(RE) focused on increasing muscular strength and power using
equipment; (3) Multi-component Exercise (ME) Include more than
two types of exercise, such as aerobic exercise, resistance exercise
and other forms of training; and (4) Mind-Body Exercise (MBE)
(aims to improve participants’ sense of mind-body coordination by
emphasizing the interaction between the brain, body, mind, and
behavior, such as Tai Chi); since the study control group we
included was not all non-exercise group, but also included some
slight movements and stretching, physical activity at different levels
results in different improvements, and our study subjects are older
people with mild cognitive impairment, since this group is sensitive
to slight exercise, so the control were coded: (5) Passive control (the
passive control group only studied courses such as health
education); (6) Active control (the active control group did some
daily activities or stretching exercises). The purpose of explore the
optimal exercise types of the effects (Appendix 2).

Exercise duration in minutes was calculated for each study by
considering factors such as program duration (in weeks), session
duration (in minutes), frequency, intensity, week total, and overall
total (in minutes). For instance, if intensity was described using the
rate of perceived exertion (RPE) Borg scale (42), the corresponding
heart rate was determined in alignment with the guidelines set forth
by the American College of Sports Medicine (43).

2.4 Risk of bias assessment

The risk of bias in included randomized controlled trials was
evaluated independently by two reviewers (YY and WJ) using the
Cochrane risk of bias tool, which considers random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and other biases. Disagreements were
resolved through discussion and consultation with a third author
(X]), with each item being categorized as low, high, or unclear risk
of bias (44).
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TABLE 1 Study characteristics.

Participants (exercise vs control)

Baseline

Sample
size

Age

Female/male

interventions

Type

Outcomes

Comparator

social visit

(GC=global cognition;
Ex=executive function)

84 + 6.38 vs 86 self-paced slow and Ex (TMT A+B) 339.67 + 207.41vs 253.73
Scherder, E. J. 2005 (59) = MCI 15vs 15 +505 13/2 vs 14/1 walking (AE) 30 3 6 normal +150.03
activity
79.24 + 10.07 , . (1) 40% of HRR ,
+ +
Varela, $.2012 (60) MCI 17 vs 16 vs 76.44 + 11.38 27121 (1) aerob}c exerqse (2) 60% of HRR 10 3 13 rec?gaFlonal GC (MMSE) 20.40 + 4.15 vs 20.98 + 5.4 vs
vs 15 (2) aerobic exercise activities 19.53 £ 5.5
Vs 79.40 + 6.72
92 77.2 £ 6.3 vs 78.3 L. Stretching GC (MMSE) 25.4 + 33 vs 24.2 + 3.4
Lam, L. €.2012 (61) Mcl vs169 | %66 125/46 vs 172/46 Taichi (MBE) 03 2 indtoning  Ex (TMT-B)-1023 £ 516 vs -125.2 + 695
. 60%HRmax, . GC (MMSE) 26.33 + 3.1 vs 26.16 + 3.15
753 £ 7. 76. , st th, . ) t:
Suzuki, T.2012 (62) aMCI 25ysas | S ETIVSTOR g st aerobic, strengt low intensity 90 2 5 | cducation Ex (SCWT-III) 39.39 + 19.45 vs 36.93
+6.8 balance retraining (ME) control 1974
28 vs30 741 %36V 755 (1) resistance trainin, (1) high intensity balance Ex (Stroop Test) -44.61 + 25.8 vs -48.27 +
Davis JC 2013 (63) MCI + 3.5 vs 75.0 NA . L. 8 (2) 40%-60% HRR 60 2 26 P D -
vs 28 L37 (2) aerobic training and tone 31.3 vs -54.69 + 31.3
. . . high intensity, for GC(ADAs-cog) -5.56 + 3.06 vs -7.14 + 2.94
F , M. P . o
fatarone Singh MCI 2vs27 | NA NA rogressive most major 75 2 24 | Placebo Ex (WAIS-III Similarities) 22.35 + 4.601 vs
A.2014 (64) resistance training
muscle groups 19.02 + 5.331
66.73 + 5.48 Handball traini 60%HRmax,
Wei, XH. 2014 (65) MCcI 30 vs 30 Y on1vs 19/11 andbatl training oHRmax 30 5 26 usual care GC(MMSE) 25.53 + 0.82 vs 24.67 + 1.42
65.27 + 4.63 program (ME) low intensity
GC (ADAS-Cog) -7.85 + 2.80 vs -12.87 +
69.00 + 3.83 vs 4.80
Ly, J. 201 MCI 22 vs 2. -traini
i, J. 2015 (66) C vs 23 70.43 + 5.53 16/6 vs 16/7 dumbbell-training (RE) 60 3 12 usual care Ex (TMT-B) -95.45 + 45.00 vs -117.85
+ 54.01
Phoemsapthawee, supervised ASE for 5 23% VO2 peak
9 + 5. 1+ 4.
12016 (67) MCI 12 vs 12 65 to 87 years All women dwk-1(AE) Low intensity 30 5 12 usual care GC(MMSE) 20.9 + 5.1 vs 19.1 + 4.8
) HUBER: balance and 50-75% max Pilates:1h/ GC (MoCA) 25.79 + 1.53 vs 24.29 + 1.98
Greblo Jurakic, Z. 70.4% . ) . ) . .
2017 (68) MCI 14 vs 14 3.93 (Total) all women core resistance voluntary contraction = 30 3 8 session Ex (Visuospatial/executive) 3.50 + 1.23 vs
: training (ME) (MBE) 2.57 £ 1.16
Kohanpour, M. MCI 10vs 10 | 60-70 (range) all men Aerobic running 75-85% HRmax R 12 usual care GC (MMSE) 24.4 + 142 vs 24.2 + 0.63
A.2017 (69) 39
65.89 + 1076 VS GC(MMSE) 28.00 + 2.39 VS 25.65 + 3.27
L , 1.2017 (70 MCI 66vs 63 53/13 vs 48/16 D MBE 60 2 43 al
Azarou 70 @ v 67.92 +9.47 /13 vs 48/ ance (MBE) usual care Ex (ROCET) 16.18 + 6.02 vs 11.10 + 6.50
MCI 60 + 75% HR reserve
744 £ 6.7 vs 714 30- tretchi
Morris, J. K. 2017 (71) or 39 vs 37 v 18/21 vs 21/16 aerobic exercise 3-5 26 stretehing Ex(composite) -1.20 + 0.90 vs -1.33 + 0.97
dementia + 8.4 50 and toning
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TABLE 1 Continued

Participants (exercise vs control)

Baseline

Sample
size

Age

74.90 + 4.29 vs

Female/male

interventions

Type

MMT: exercise;

Outcomes

Comparator

exercises; no

(GC=global cognition;
Ex=executive function)

. Lo . ) N ) .
Shimizu, N. 2018 (72) MCI 30vs 9 7333 + 7.31 28/6 vs 10/1 syncbronlzatlon with 60 12 music (ME) Ex (FAB) -15.87 + 1.66 vs -15.25 + 1.16
music (MBE)
75.0£09vs HSPT: low tension
14 lasti i It MMSE) 25.36 + 1.7. 24.56 +3.21
Yoon DH 2017 (73) MCI VSO 260413 NA clastic exercise LSST: high tension 60 jp | balance GC(MMSE) 25.36 +1.78 vs 24.56 + 3
vs 7 bands (RE) and tone vs 21.14 + 1.57
vs78.0 £ 1.0
. 75.7 + 4.1) vs health GC(MMSE) 26.29 + 2.6 vs 2544 + 2.3
Doi,2017 (74 MCI 7 4, 1 D MBE 4 .
01,2017 (74) ¢ 67V 67 260+ 49 34133 vs 3136 ance (MBE) 60 0| education Ex (TMT-B) -41.08 + 11.2 vs -43.5 + 11.8
. 74.90 + 5.10 vs ground kayak home
Choi, W.2018 (75 MCI 30 vs 30 24/5 vs 25/5 R 60 6 R GC (MoCA) 25.13 + 2.78 vs 21.46 + 3.11
ot 79 Vs 7423 + 4.38 /5 vs 25/ paddling (MBE) exercise (MoCA) Ve
Combourieu DL. 771 + 1.44 vs aerobic training moderate intensity
+ +
2018 (76) MCI 18 vs 14 792 + 4 NA on bikes 60 12 usual care Ex (Stroop test) 30.94 + 6.24vs 26.42 + 6.53
77.71 £ 3.40/ elastic band 15RM,
78.33 + 3.21 vs 65%max
GC(MoCA) 21.70 £ 3.05 vs 20.50 £ 5.05
Hong, 2018 (77) MCI 10 vs 12 75.11 + 4.45/ 713 vs 9/3 resistance exercises 60 12 usual care (MoCA) v
Ex (Stroop test) 13.40 + 4.60 vs 12.25 + 5.46
78.33 + 5.50
(E/M)
68.3 + 6.7 vs 67.5 ducational
Sungkarat, $.2018 (78)  MCI Bve3s o v 3112 vs 26/7 Tai chi (MBE) 50 26 iosffoi‘m Ex (TMT) -762 + 46.7 vs -101.1 * 60.8
70.3 + 6.7 vs 69.0 60-80%Hrmax GC(MoCA) 24.7 £ 2.2vs 23.6 + 1.8
Zhu, Y. 2018 (79 MCI 29 vs 31 15/14 vs 21/10 D MBE . . 35 13 al
u 79) s +73 /14 vs 21/ ance ( ) moderate intensity usual care Ex (TMT) -158 + 49 VS -177 + 48
. stationary bicycle 40 60-80%HRmax gentle GC(MMSE) 26.353 + 0.469 vs24.177+ 0.849
Al , 1.2019 (80 MCI 21vs 1 +2 + 10/11 1 B
mjad, 12019 (30) ¢ vs19 | 58+2vs60+3 0711 vs 9710 min (AE) 30 6 movement Ex (TMT) -2.803 + 0.282 vs -3.811 = 0.205
Physical Activity 3 to 6 metabolic
72.24 £ 7.16 P : rhythmi ivalent
Bademli, K. 2019 (81) | MCI 30 vs 30 VS 182 vs 1713 rogram: rhythmic equivatent 80 20 usual care GC(MMSE) 26.542 + 1.84 vs 22.24 + 1.15
70.67 + 8.34 exercises and free Moderate intensity
walking (ME)
. (1) TG: strength-based (1) resistance elastic
mild 85.54 + 8.09 vs Usual care
25vs 23 hysical ise (RE band MMSE) 19.32 + 7.10 vs 20.68 + 7.68
Cardalda, 1. M.2019 (82) = — v 8376 +833vs | NA physical exercise (RE) ands - 60 12| (social GC(MMSE) 19 vs v
vs 29 (2) MG calisthenics (2) low intensity . 15.44 + 7.55
moderate 85.17 + 7.38 Rk activities)
exercises (ME)
kayak paddling exercise
77.27 + 4.37 H
Choi, W. 2019 (83) MCI 30 vs 30 VS 2505 vs 26/4 with observing a 60 6 ome GC(MoCA) 2322 + 4.48 vs 20.12 + 3.53
75.37 + 3.97 . exercises
video (MBE)
T Multimodal exercises: 70-80%VO2max GC(MMSE) 20.31+ 4.68 vs 19.50 + 5.37
1 lva, F. 71.85 + 5.
de Oliveira Silva MCI 7 vs 12 B35V svssr7 aerobic, strength, 60 13| usual care Ex (Stroop test 3) 43.51 % 52.71 vs 40.08

2019 (84)

78.20 + 5.26

balance and flexibility

+74.27
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TABLE 1 Continued

Participants (exercise vs control)

Baseline

Sample

Age

Female/male

interventions

Type

Outcomes

Comparator

(GC=global cognition;
Ex=executive function)

Multimodal exercises: 70%HRmax
Fonte, C.2019 (85) MCI 7VS9 75+5vs79+3 3/4vs7/2 cycling, walking, arm 90 3 26 usual care Ex (TMT)-190.1 + 30.6 vs -297.3 + 71
cranking, stretching
i + i ises: R
Langoni, C. D. S. MCI 26vs26 | EOETEVSTII 06 vsaore Multimodal exercises: | 60-75%HRmax 60 | 2 24 usual care GC(MMSE) 25.0 + 4.7 vs 204 + 4.1
2019 (86) +79 strength and aerobic
i i i 14 + 9. 69 £ 11.
et 7157 4 7 43vs ii)er(:il::?(;\?g;lal task Low intensity i ;C;;\ISSSEi:G 14 £ 9.71 vs 60.69 + 11.33 vs
Law, L.L.F 2019 (87 MCI 77.94 + 6.11 10/4 . 2 L. o
aw 019 (87) ¢ vs 14 s ?4 B 253"5 074 vs 8/8 vs 915 (2) Exercise 60 /318 activity Ex (TMT-B) -155.71 + 98.17 VS -213.69 +
T training (AE) 93.16 VS -225.43 + 80.24
. 70.6 £ 6.2 vs 69.1 . 60-80%HRmax GC(MMSE) 28.2 + 1.0 vs 27.3 + 1.7
Qi M 2019 (88) MCI 26 vsl6 +81 11/5 vs 12/4 Aerobic dance (MBE) 35 3 13 usual care Ex (TMT) -161.6 + 53.8 vs -181.6 £ 46.7
76.22 + 5.7 A i M intensi health
Song D 2019 (89) MCI 60vs60 022£576¥s  4a13 vs 42118 erobic ) oderate intensity 60 3 16 calth. GC(MoCA) 23.66 + 1.92 VS 21.40 + 2.27
75.33 £ 6.78 stepping exercise education
66.17 + 4.17vs .. (1) NA
20 vs 17 1) Bad MBE health GC(MoCA) 2.10 + 2.25 vs 2.88 + 1.96 vs 1.10
Tao, J. 2019 (90) MCI Vs 6432 + 2.60vs 15/5vs 10/7 vs 14/ | (1) Baduanjin (MBE) ) o0 o oo pirr 60 |3 24 Y (MoCA) v ve
vs 20 (2) brisk walking (AE) education + 1.48
65.97 + 5.66
64.0 £ 59 VS AET: bi 75-85% HRmax, 25- tretchi Ex (D-KEFS -TMT) -11.9 + 2.11 vs -12.4
Tarumi, T. 2019 (91) MCI 30 vs 39 19/11 VS 24/15 aerobie $5% HRmax 45 | 5 Srechne x ( ) Ve
65.3 + 6.6 exercise treadmile (2 high intensity) 40 and toning +2.13
KENKO]JISEICHI Low intensit
55 60 VS (physic all amitive ow intensity health GC(MMSE). 27.59 + 2.68 vs 27.05 + 2.55
Bae, S.2019 (92) MCI 41 vs 42 76.4 : 5'1 18/23 VS 22/20 ::ldysoda;l sn > 75 <1 24 education Ex (TMT-A) 24.73 £ 9.11 vs 23.33 + 7.22
T L classes Ex (TMT-B) 66.35 + 47.23 vs 53.08 + 37.59
activities) (ME)
Structured exercise: 60-80%HRmax health
Wang, L., et al., 68.37 + 5.27 VS R . .
ang Lo et a MCI 57 vs 54 36/21 VS 32/22 limbering-up, upper 60 3 24 | promotion GC(MoCA) 21.72 + 2.19 vs 20.13 + 2.43
2020 (93) 68.24 + 5.15 .
and lower limbs (ME) classes
Multi-component Low intensity community
A 60 to 80 and exercise: aerobic; GC(MMSE). 27.79 + 1.18 vs 25.42 + 2.28
Li, L.2021 (94 MCI 42 vs 42 27/15 VS 24/18 30 5 25 health
! ©4) Ve above years ! ! strength; jeath (MoCA) 25.19 + 1.29 vs 19.45 + 2.00
. . instruction
balance; coordination
RSD: 15 postures with GC(MoCA). 22.09 + 3.47 vs 19.33 + 2.77
Khanthong, P., et al., 60.36 + 5.67 VS U Ex (TMT-A) -58.20 + 21.27 vs -62.95 + 25.78
MCI 35 vs 36 31/4 VS 25/11 10 tit fi h 60 3 12 t RSD
2021 (95) v 61.47 +7.49 / / repetitions for eac noe Ex (TMT-B) -133.11% 69.60 vs -172.61
posture (MBE)
+ 83.88
(1) Taichi: standing; (1) 3.24 METs
MoCA-HK) 25.0 + 2. 26.6 + 1.
vy 673%42VS Yang-style Tai Chi; (2) 4.3-5.5 METs o 1G8C9( +(;Cz )250£25vs266 % 1.9 vs
Yu, A.P.2022 MCI 2 6. 4 VS 10/2 1 i MBE 24 o
b 022 (96) ¢ vs 12 672+ 68 VS 713 VS 84 VS 10/ relaxation (MBE) 60 ? intervention  Ex (TMT-A) -11.9 + 3.4 VS -10.7 £ 3.8 VS
67.6 + 8.1 (2) strength; aerobic;

cooldown (ME)

-16.0 £ 9.8
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TABLE 1 Continued

Participants (exercise vs control) interventions Outcomes
- S l GC=global ition;
Baseline ample Age Female/male Type Comparator ( grona: cognition
size Ex=executive function)
105vs | 760.£5.1 VS 75/30 VS 66/41 VS (Elﬁhfﬁf:f;iyh Quan o mensiy Stretching fg(ggOCA) HarastwarE s
Li, F.2023 (97 MCI 107 759 £ 51 VS 60 24 . .
! ©7 vs 106 76.0 + 6.1 71/35 (ME) Exercise (TMT-B) -72.4 + 2.0 VS -86.2 + 2.0 VS -94.2
R (2) Tai Ji Quan (MBE) +2.1
Dual-task Zumba Gold: = Low intensi derat
6335 £ 454 V3 aentonorienaton | physicay | GC(MOCA) 2290 £ 230 v 2047 £ 2.6838
Parial, L.L.2023 (98) MCI 30 vs 30 DO 24/6 VS 22/8 .. 60 12 p.Y Ex (TMT-B) 204.35 + 56.744 VS 199.98
64.27 + 591 training; Zumba Gold leisure
i N + 62.769
dancing (ME) activities
ADG: aerobic, dual- 304+ AG: no dual-
. 7325 +2.01 VS task and I task
Uysal, 1.2023 (99) MCI 12 vs 12 2/10 VS 2/10 askandfower 30 12 sk GC(MMSE) 23.17 + 1.11 vs 22.75 + 1.06
73.5+ 321 extremity strengthening NA exercises
exercises (ME) (AE)
. 0,
M TC_E * RTG', 60% GC(MoCA) 23.28 + 3.69 vs 20.89 + 5.35 vs
14 vs 14 66.67 £ 6.04 VS stretching, aerobic HRmax moderate health 19.50 + 443
Zhang, Q.2023 (100 MCI 66.22 + 551 V. 12/2 VS 13/1 VS 13/1 MBE 60 12 RS
ang, Q2023 (100) ¢ vs 14 s /2VS13/1 VS 13/1 | (MBE) knowledge GC(MMSE) 25.78 + 1.89 vs 23.56 + 5.36 vs
69.75 + 7.02 (2) Walking
2271 +£3.23
group (AE)

NA, not available; Dur, Duration; Freq, Frequence; Int, Intensity; Len, length; BI, Barthel Index; MMSE, Mini-Mental State Examination; MoCA, The Montreal cognitive assessment; Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog); TMT, Trial mark
test; SCW'T, Stroop color word test; FAB, Frontal Assessment Battery; the Wechsler Adult WAIS-III, Intelligence Scale 3rd Edition; ROCFT, Rey Osterrieth Complex Figure Test; EXIT-25, Executive Interview; ADCS-ADL, The Alzheimer’s Disease Cooperative Study
Activities of Daily Living Inventory; FUCAS, Functional and Cognitive Assessment Test; KENKOJISEICHI:28 physical activities, 29 cognitive activities, and 44 social activities; NCSE, Neurobehavioral Cognitive Status Examination; SDMT, Symbol Digit Modalities Test;

D-KEFS-TMT, Delis-Kaplan Executive function system trail making test score.
For all the outcomes, higher score means better function.

‘le e o

66795 T 4202 34sd}/6855 0T


https://doi.org/10.3389/fpsyt.2024.1436499
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Yu et al.

2.5 Data synthesis and analysis

Prior to conducting the NMA, we evaluated three hypotheses as
delineated in reference (45). The first hypothesis pertains to
similarity, positing that baseline study characteristics should be
comparable across studies incorporated into the NMA. To assess
similarity, we examined whether the study design and the baseline
conditions of the study participants were analogous. All studies
included in our analysis were randomized controlled trials
involving older adults diagnosed with mild cognitive impairment.
The second factor is heterogeneity, which assumes the absence of
variability in the results of pairwise comparisons. The third factor
pertains to inconsistencies, implying no significant discrepancies
between direct and indirect evidence (46).

We firstly performed a pairwise meta-analysis to examine how
different exercise interventions compared to the control group
across all outcomes. On the basis of postintervention scores,
standardized mean differences (SMDs) and 95% confidence
intervals (95%CIs) were calculated using a random effects model.
If standard deviations (SDs) were not available, they were calculated
from standard errors (SEs), ClIs or p values, or the authors were
contacted for missing data (47). The GetData Digitizer version 2.20
software was used to extract data from graphs in cases where the
author did not report the data in the paper but provided a graph
with the data. Finally, this review will use Review Manager 5.3
software and Stata 15.1 software for data analysis.

In Stata 15.1 software, frequentist NMA were conducted for the
outcomes (48, 49). Through NMA, a network diagram is created, with
each node representing one intervention and connecting lines between
them representing one or more RCTs directly comparing the two
interventions (50). The size of each node in the network diagram is
proportionally weighted based on the number of participants receiving
a specific intervention, while the thickness of the connecting lines
between nodes is weighted according to the number of studies directly
comparing the interventions (51). A random effects model is employed
to address heterogeneity from other sources and produce more
conservative confidence intervals for pooled effect estimates (52).
The model is employed to address heterogeneity stemming from
variations in cognitive and executive function measurement tools
and other sources, yielding a more cautious confidence interval for
combined point estimates. SMDs and 95% Cls were derived from post-
intervention endpoint data to gauge the magnitude of the continuous
outcome (53). SMDs and corresponding 95% CIs were calculated using
post-intervention endpoint data to estimate the effect size of
continuous outcomes. Cochrane classified effect sizes as small
(SMD<0.40), medium (SMDs = 0.40-0.70), and large (SMDs > 0.70)
(54). The inclusion of network transitivity as a crucial assumption in
our analysis is deemed essential, as its evaluation directly influences the
study outcomes (55). To ensure comparability among multiple
treatment comparisons, we conducted a thorough examination of
clinical and methodological characteristics, encompassing patient
demographics and experimental designs, across all included studies
(56). All of our studies were RCTs involving older adults with mild
cognitive impairment. It was determined whether exercise
interventions in the network were ranked by using the surface under
the Cumulative Ranking Curve (SUCRA) as well as the average
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ranking. The higher the SUCRA value, the higher the ranking (57).
The I* value was used to assess inter-study heterogeneity.
Inconsistencies in global design and local design are detected using
the design by process model and the loop-specific method (58). An
analysis of publication bias was conducted using funnel plots.

We divided the articles involving exercise dose into two
subgroups according to the two outcome indicators of overall
cognition and executive function, extracted the data of the dose
parameters in the articles. By analyzing subgroups, we extract the
duration per session, frequency, length of intervention, intensity,
weeKkly total time, total time and examine the proportional response
to a given dose.

3 Results
3.1 Study selection

As a result of the search strategy, 847 articles initially appeared,
of which 819 remained once duplicates were removed. After a
thorough examination of titles and abstracts, 28 articles were
excluded. Subsequently, 42 articles meeting the inclusion and
exclusion criteria, published between 2003 and 2024 and
involving 2832 participants, were chosen for network meta-
analysis. The search and study selection process is illustrated
in Figure 1.

3.2 Study characteristics

Table 1 displays the characteristics of the 42 randomized
controlled trials conducted between 2004 and 2024. These trials
included 13 studies (270 participants) investigating the effects of
aerobic exercise, 5 studies (105 participants) examining resistance
exercise effects, 15 studies (370 participants) studying multi-
component exercise effects, 12 studies (447 participants)
analyzing mind-body exercise effects, 14 studies (575 participants)
exploring active control effects, and 24 studies (684 participants)
investigating passive control effects. Furthermore, we included
charts in Table 1 to illustrate the varying exercise interventions
and doses utilized in the studies, highlighting the percentage of each
entry in relation to the total. This visual representation effectively
demonstrates the divergent dose responses observed across the
included interventions (Figure 2).

3.3 Dose-response descriptions in the
included articles

We also perform the descriptive statistics for the dose-
parameters of all MCI populations with optimal types of
exercises, which was operationalized by considering various
factors such as frequency (number of sessions per week), duration
per session, length of intervention, exercise intensity (percentage of
time spent exercising in heart rate), weekly total (time spent
exercising per week), and overall total (total time spent
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Flow diagram.

exercising) (45). The findings of the study on the impact of multi-
component exercise interventions on individuals with mild
cognitive impairment indicated that programs characterized by
short duration per session (30min), moderate frequency (3-4
times/week), moderate length of intervention (12-24 weeks),
moderate intensity (60-85%HRmax etc.), total of =150 minutes
per week, and total of >2160 minutes in overall total significantly
correlated with higher effect sizes in enhancing the global cognition
of the MCI population. Additionally, interventions with moderate
duration per session (31-60min), moderate frequency, long length
of intervention (>25weeks), moderate intensity, total of =150
minutes per week, and total of >2160 minutes in overall total
were found to be associated with higher effect sizes in improving
the executive function of MCI patients.

3.4 Outcome measures

There were 34 studies measuring global function with a Mini-
Mental State Examination (MMSE) (60-62, 65, 67, 69, 70, 73, 74,
80-82, 84, 86, 88, 92, 94, 99, 100), The Montreal cognitive
assessment (MoCA) (68, 75, 77, 79, 83, 89, 90, 93, 95-98),
Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-
Cog) (64, 66), Neurobehavioral Cognitive Status Examination
(NCSE) (87).

Meanwhile, there were 15 studies using Trial mark test (TMT)
for executive function assessment, which includes TMT-A, TMT-B
and TMT-A+B (59, 61, 66, 74, 78-80, 87, 88, 92, 95-98). And 1
study used Stroop color word test (SCWT) (62), 1 study used
Frontal Assessment Battery (FAB) (72), 1 study used Intelligence

duration

exercise type

Passive control high
7% 12%

P

moderate

intensity

Long (25weeks) Iellgth
26% - eeks)|

26% short(<12w
43%

Moderate (13243
3%

FIGURE 2

Percentage of intervention and exercise dose. AE, aerobic exercise; RE, resistant exercise; MBE, mind-body exercise; and ME, multi-

component exercise.
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Scale 3rd Edition (WAIS-III) (64), 4 studies used Stroop test (63, 76,
77, 84), 2 studies used composite/Visuospatial test (68, 71), 1 study
used Rey Osterrieth Complex Figure Test (ROCFT) (70) and 1
study used D-KEFS-TMT (91), which 26 studies totally with regard
to executive function.

3.5 Risk of bias

The distribution of studies with varying levels of bias risk for
specific components, including random sequence generation,
allocation concealment, blinding of outcome assessors, incomplete
outcome reporting, selective outcome reporting, and other risks of
bias, is outlined as follows: random sequence generation (66.7%,
33.3%, and 0%, respectively); allocation concealment (52.4%, 45.2%,
and 2.4%, respectively); blinding of outcome assessors (59.5%,
38.1%, and 2.4%, respectively); incomplete outcome (73.8%,
19.1%, and 7.1%, respectively); selective outcome reporting (81%,
9.5%, and 9.5%, respectively); and other risks of bias (61.9%, 33.3%,
and 4.8%, respectively). Additional details regarding the bias risks of
the included studies can be found in the Appendix 3.

3.6 Effect on global function improvement

3.6.1 Optimal type of exercise

A comprehensive analysis of global cognitive function was
conducted, encompassing 34 studies involving a total of 2434
participants. Specifically, 8 studies investigated the impact of
aerobic exercise, 5 studies assessed the effects of resistance
exercise, 13 studies evaluated the influence of multi-component
exercises, and 12 studies explored the effects of mind-body
interventions. Meanwhile, we also classified the control group
into active control and passive controls. Pairwise analysis
demonstrated the effectiveness of exercise interventions compared
to controls, while a network analysis inconsistency test did not
reveal any significant global inconsistencies. Detailed results for
inconsistency can be found in the Appendix 4. For comparisons

Active control
Aerobic exercise

Resistance exercise

Passive control

Multicomponent exercise Mind-body exercise

A

FIGURE 3

10.3389/fpsyt.2024.1436499

between exercise interventions and controls on global cognition,
including AE, RE, ME, and MBE, traditional meta-analysis forest
plots were used. In Figure 3, all exercise interventions in the study
were directly compared to control groups in the network plot for
global cognition. The network meta-analysis results showed that
exercise interventions, including RE, AE, and MBE, were more
effective than both active and passive controls. The standardized
mean differences ranged from 0.77 to 1.09 for comparisons with
passive controls and from 0.60 to 0.92 for comparisons with active
controls. The comparative impacts of various exercise interventions
are depicted in Figure 4, with Figure 5 displaying the ranking of
exercise interventions based on cumulative probability plots and
SUCRAs. The exercise intervention of multi-component exercise
demonstrated the highest likelihood (60.7%) of being the most
effective exercise type for enhancing global cognition in individuals
with mild cognitive impairment, with a SUCRA value of 90.1%
(Table 2). Analysis of the funnel plot did not reveal any significant
publication bias and the heterogeneity of loops can be tested using
loop-specific tests (Appendix 4).

3.6.2 Dose response analysis of the effect of
multi-component exercise on global functional

An analysis of dose response was conducted based on the
duration per session, frequency, length of intervention, intensity,
weekly total time, and total time of multi-component exercise
per week.

The results showed that the improvement degree of multi-
component exercise on global cognitive function was higher than
that of control group, and the difference was statistically significant
(P < 0.05). Exercise duration per session 30min group, duration per
session 30-61min group, frequency 1-2 times/week group,
frequency 3-4 times/week group, frequency>5 times/week group,
length of intervention < 13weeks group, length of intervention 14-
24 weeks group, length of intervention>25 weeks group, low
intensity group, moderate intensity group, week total<150min,
week total 2150min group, overall total < 2160min group, overall
total>2160min group, which scores after multi-component exercise
intervention were superior to control groups, and the statistically

Active control
Aerobic exercise,

Resistance exercise! Passive control

Multicomponent exercise Mind-body exercise

B

Network meta-analysis of eligible comparisons for (A) global cognition, (B) executive function. Each node represents an intervention, and the
connecting lines between 2 nodes represents 1 or more randomized clinical trials (RCTs) in which the 2 interventions have been compared directly.
The size of each node is proportional to the number of randomly assigned participants, and the thickness of the lines connecting 2 nodes is
weighted according to the number of RCTs that directly compared the interventions it connected
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0.33 (-0.07,0.72) 0.17 (-0.43,0.78) 0.06 (-0.41,0.52) MBE
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A
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1.03 (-1.16,3.23) RE
1.14 (-0.75,3.02) 0.10 (-2.21,2.41) AE
1.17 (-0.23,2.58) 0.14 (-2.03,2.31) 0.04 (-1.88,1.96) MBE
1.28 (-0.07,2.63) 0.25 (-1.64,2.14) 0.15(-1.72,2.02) | 0.11(-1.17,1.40) Active
2.50 (0.88,4.12) 1.47 (-0.74,3.67) 1.36 (-0.08,2.81) | 1.33(-0.28,2.94) 1.22 (-0.46,2.89) Passive
B
FIGURE 4

Comparative effectiveness results for (A) global cognition, (B) executive function. Each cell shows an SMD with a 95%CI. For any cell, a positive SMD
favors the upper-left intervention; a negative SMD favors the lower-right intervention. 95%Cl, 95% confidence interval; AE, aerobic exercise; MBE,
mind body exercise; ME, multicomponent exercise; RE, resistance exercise; SMD, standardized mean difference.

significant difference were found (P < 0.05). Duration per
session=61min group was no statistical difference between
exercise intervention and control group (P>0.05) (Table 3).

3.7 Effect on executive
function improvement

3.7.1 Optimal type of exercise

A total of 26 studies focusing on executive function were included
in the analysis, encompassing a total of 2003 participants. Among
these studies, 7 investigated the impact of aerobic exercise, 4
examined resistance exercise, 8 explored multi-component exercise,
and 9 delved into mind-body exercise, with controls categorized as
active and passive controls in a consistent manner. Pairwise analysis
demonstrated the efficacy of exercise interventions in enhancing
executive function. A traditional meta-analysis was conducted,
including forest plots of AE, RE, ME, and MBE interventions for
comparison with each other and with control groups. Detailed results
are provided in the (Appendix 4). According to Figure 3, direct
comparisons between exercise interventions and controls are shown,
but none are shown between RE and ME, RE and MBE, or AE and
MBE. According to the network meta-analysis, exercise interventions
demonstrated superior efficacy over control groups, with
standardized mean differences ranging from 1.33 (95% confidence
interval [CI]: -0.28 to 2.94) for multi-component exercise to 2.50
(95% CI: 0.88 to 4.12) for mind-body exercise when compared to
passive controls. The comparative effectiveness of various exercise
interventions is demonstrated in Figure 4, with the ranking of these
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interventions based on cumulative probability plots and Surface
Under the Cumulative Ranking values shown in Figure 5 and a
corresponding Table 2. The exercise modality of multi-component
exercise displayed the highest probability (72.9%) of being the most
effective in enhancing executive function among individuals with
mild cognitive impairment, with a SUCRA value of 92.6%.
Additionally, no significant publication bias was observed based on
the funnel plot (Appendix 4).

3.7.2 Dose response analysis of the effect of
multi-component exercise on
executive functional

Dose response analysis was conducted according to the
duration per session, frequency, length of intervention, intensity,
weekly total time and total time of multi-component exercise.

According to the results, multi-component exercise improved
executive function more than the control group, and the difference
was statistically significant (P<0.05). Exercise frequency 1-2 times/
week group, frequency 3-4 times/week group, length of intervention
14-24 weeks group, low intensity group, moderate intensity group,
week total<150min, week total >150min group, total < 2160min
group, total>2160min group, which scores after multi-component
exercise intervention were superior to those of control group, and
the statistically significant difference were found (P < 0.05).
Duration per session 31-60min group, duration per
session>61min group, length of intervention < 13weeks group,
length of intervention>25 weeks group, were no statistical
difference between exercise intervention and control group
(P>0.05) (Table 4).
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FIGURE 5

Cumulative ranking probability plots for (A) global cognition and (B) executive function. The horizontal axis represents the possible rank of each
treatment (from best to worst according to the outcome). The vertical axis represents the cumulative probability for each treatment to be the best

option, the best of 2 options, the best of 3 options, and so on.

4 Discussion

Exercise interventions for improving global cognition and
executive function in mild cognitive impairment patients were
investigated in this network meta-analysis (n=2832, 42 studies)
(101). Our findings suggest multi-component exercise and
resistance exercise as the most beneficial interventions for both
outcomes. Multi-component exercise combines at least two
modalities, such as aerobic and resistance training (102). While
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ME offers potential for broader neurobiological benefits (e.g.,
BDNF, IGF-1), its efficacy might be hindered by logistical
challenges. Balancing optimal duration and frequency for each
component within a complex intervention can be difficult,
potentially diminishing the overall effect. Additionally,
implementing ME requires careful consideration of its
multifaceted nature. Despite these challenges, ME emerged as the
most effective intervention for enhancing executive function in
MCI. This is likely due to its ability to directly target executive
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TABLE 2 The global cognition and executive function rankings for different types of exercise.

Exercise Global cognition Executive function
SUCRA (%) Mean rank SUCRA (%) Mean rank

AE 61.6 29 8.6 532 33 8.7
RE 733 23 27.5 54.8 33 14.5
ME 90.1 1.5 60.7 92.6 1.4 72.9
MBE 549 33 3.1 50.2 35 3.0
Active control 15.7 5.2 0.0 44.1 3.8 0.9
Passive control 44 5.8 0.0 5.2 5.7 0.0

Higher SUCRA and lower mean ranks indicate better-performing treatments. P indicates the probability of it being the best treatment. AE, aerobic exercise; MBE, mind body exercise; ME, multi-

component exercise; RE, resistance exercise; SUCRA, surface under cumulative ranking curve.

skills through diverse motor tasks involving sensorimotor
adaptation and neuromuscular coordination (103). However, the
optimal combination, frequency, and duration of individual
components within ME remain unclear and warrant further
investigation. Further research is needed to define the ideal ME
structure and expand upon this promising approach (104). Notably,
direct comparisons between interventions provide more reliable

evidence than indirect comparisons, highlighting the need for
future multi-group studies (105).

In light of the analysis techniques employed in published
literature on exercise dosage and the quantity of articles
addressing this topic, a subgroup analysis was conducted on the
effects of multi-component exercise dosage on the cognitive and
executive function of individuals with mild cognitive impairment.

TABLE 3 pooled effect size test of the global cognition on multi-component exercise in MCI.

subgroup

Study number

Study research

Test of overall effect

SMD (95%ClI) z

Duration per session
Short (30 minutes) 2 144 1.04 (0.48,1.59) 3.68 <0.001
Moderate (31-60minutes) 8 559 0.90 (0.66,1.14) 7.35 <0.001
Long (>61minutes) 3 193 0.15 (-0.19,0.49) 0.86 0.391
‘ Frequency
Short (1-2 times/week) 7 497 0.59 (0.22,0.97) 3.14 0.002
Moderate (3-4 times/week) 4 255 1.56 (0.62,2.49) 3.26 0.001
Long (=5 times/week) 2 144 1.04 (0.48,1.59) 3.68 <0.001
‘ Length of intervention
short (<13weeks) 4 159 0.73 (0.40,1.05) 4.39 <0.001
Moderate (14-24 weeks) 6 543 1.22 (0.64,1.81) 4.08 <0.001
Long (>25weeks) 3 194 0.71 (0.002,1.42) 1.97 0.049
‘ Intensity
low 8 630 0.74 (0.42,1.05) 4.54 <0.001
moderate 5 266 1.32 (0.47,2.16) 3.05 0.002
‘ Week total
<150min 6 447 0.69 (0.33,1.06) 3.69 <0.001
>150min 7 449 1.16 (0.60,1.73) 4.04 <0.001
‘ Total
<2160min 5 242 0.55 (0.23,0.88) 3.34 0.001
>2160min 8 654 1.15 (0.70,1.60) 5.04 <0.001
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TABLE 4 pooled effect size test of the executive function on multi-component exercise in MCI.

subgroup

Study number

Study research

Test of overall effect

SMD (95%ClI) z

Duration per session

Short (30 minutes) 0

Moderate (31-60minutes) 5 346 2.45 (-0.73,5.62) 1.51 0.131
Long (=61minutes) 3 149 0.55 (-0.14,1.24) 1.56 0.119
Frequency

Short (1-2 times/week) 5 395 0.30 (0.05,0.60) 1.99 0.046
Moderate (3-4 times/week) 3 100 1.21 (0.08,2.33) 2.11 0.035
Long (=5 times/week) 0

Length of intervention

short (<13weeks) 3 109 0.29 (-0.11,0.69) 1.41 0.159
Moderate (14-24 weeks) 3 320 0.40 (0.01,0.78) 2.03 0.042
Long (>25weeks) 2 66 0.91 (-0.79,2.62) 1.05 0.293
Intensity

low 5 436 0.28 (0.01,0.54) 2.04 0.041
moderate 3 59 1.21 (0.08,2.33) 2.11 0.035
Week total

<150min 4 345 0.37 (0.02,0.72) 2.07 0.038
>150min 4 150 1.21 (0.08,2.33) 2.11 0.035
Total

<2160min 4 192 0.30 (0.01,0.58) 2.01 0.044
>2160min 4 303 1.87 (0.67,3.08) 3.04 0.002

We studied published articles and conducted subgroup analyses of
outcome indicators. Since our outcome indicators were overall
cognition and executive function, we analyzed these subgroups
separately. Based on the established parameters for time
allocation in traditional exercise intervention studies, session
duration is categorized into three groups: 30 minutes, 30-61
minutes, and>61 minutes. Frequency of sessions is then
determined based on the included literature, with groups ranging
from 1-2 times per week, 3-4 times per week, and>5 times per week
(35). In randomized controlled trials, the minimum intervention
period is 8 weeks, with optimal results achieved through longer
intervention durations. The included literature is further
categorized into intervention periods of <13 weeks, 14-24 weeks,
and >25 weeks. World Health Organization (WHO) guidelines
recommend that adults engage in 150 to 300 minutes of moderate-
intensity physical activity each week, or 75 to 150 minutes of
vigorous-intensity activity each week (106). The classification of
exercise intensity is determined by factors such as maximum heart
rate and the type of exercise performed. In consideration of the
elderly individuals with mild cognitive impairment comprising the
subjects of our study, we opted to utilize the specified minimum
criteria to categorize participants into groups based on their total
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weekly exercise duration as either <150 minutes or 2150 minutes.
The World Health Organization recommends engaging in physical
exercise at least three days per week for a duration of 60 minutes
(107), based on the standard of at least 150 minutes of exercise per
week. Most exercise interventions typically last between 8-12 weeks,
with the latter duration chosen in accordance with the literature
reviewed. As such, the classification index is calculated as 60
minutes per session, three sessions per week, and 12 weeks,
resulting in a total of 2160 minutes. Statal5.1 software was
utilized to compute the articles included in the aforementioned
items, resulting in the determination of the SMDs, 95%Cls, Z value,
and P value. The derived values were subsequently examined and
evaluated to ascertain their significance, as well as to identify the
optimal exercise dosage for each item.

Due to the limited number of studies available for classification
(only two studies) and the heterogeneous nature of the literature
(108), it is important to note that the definition of physical activity
(at least three times a week for 30 minutes) closely aligns with the
current recommendations set forth by the World Health
Organization (150 minutes per week) (109). The study included
in the group with sessions lasting 61 minutes or more, conducted
only 1-2 times per week, did not meet the minimum standards
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outlined by the World Health Organization. As a result, the
effectiveness of this group was not as significant as the groups
with shorter session durations. The World Health Organization
(WHO) classifies individuals aged 65 and older as elderly (110).
Given that all participants in this study are individuals diagnosed
with mild cognitive impairment who fall within this age range, it is
important to consider that longer exercise sessions may lead to
fatigue, ultimately diminishing the effectiveness of the exercise
regimen (111). Therefore, optimizing the duration of each session
is crucial for maximizing the benefits of exercise (112). Additionally,
excessive frequency of exercise without adequate rest may result in
fatigue and hinder the body’s ability to fully recover (113),
ultimately diminishing the overall impact of the exercise routine
(114, 115). For length of intervention, the longer the exercise, the
better the results (116). The quantity of articles with intervention
periods exceeding 25 weeks is limited, with only one study spanning
52 weeks, a duration significantly longer than the majority of
articles. The remaining articles have intervention periods of 25
and 26 weeks, which are in close proximity to the standard 24-week
duration. The exercise effects observed in these studies are reported
to be largely similar, making direct comparisons challenging.
Additionally, the study with a 52-week intervention period
involved only two exercise sessions per week, contrasting with the
more common 3-4 sessions per week in other studies. This
discrepancy raises the possibility that prolonged exposure to light
exercise may lead to adaptability and decreased motivation among
participants, potentially impacting the overall efficacy of the
exercise regimen (117).

The quantity of articles addressing executive function was
deemed inadequate, potentially leading to heterogeneity (P > 0.05)
and a lack of information on session duration. Similarly, in relation to
global cognition, optimal exercise duration can effectively maintain
physical well-being without imposing undue psychological strain on
patients, yielding excellent results (118). In terms of intervention
duration, post-reclassification revealed a limited number of articles
(2-3) with uncontrolled heterogeneity, thereby hindering the
elucidation of the most effective intervention length (119). Future
studies should further expand the number of included articles and
analyze them to obtain reliable research results (120, 121).

Our network meta-analysis is subject to several limitations.
Firstly, inherent heterogeneity in sports intervention and potential
changes in practice may impact the results (122). Secondly, the use
of diverse assessment tools to measure cognitive function could
further contribute to heterogeneity. Additionally, limitations in
available data from previous trials prevented the evaluation of
exercise effects on other cognitive domains, and the reliability of
exercise dose extraction in overall cognitive function and executive
function remains uncertain. Our study specifically examined an
elderly population with mild cognitive impairment, however, the
literature reviewed lacked detailed subtyping or clear indications of
specific subtypes within this population. As a result, we were unable
to perform more thorough subgroup analyses of our participants or
target specific cognitive functions for improvement with greater
accuracy. Finally, the availability of articles containing follow-up
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data is restricted, hindering our ability to conduct statistical analysis
on such data.

Moving forward, our objective is to classify individuals with
mild cognitive impairment into specific subtypes, including
amnestic mild cognitive impairment (aMCI) as well as single-
domain and multi-domain mild cognitive impairment (sdMCI
and mdMCI) (123). These distinct subtypes demonstrate diverse
reactions to various forms of exercise and exercise routines. Thus, it
is crucial to accurately categorize patients with mild cognitive
impairment to improve cognitive function and attain an optimal
cognitive state. Given a sufficient number of articles, a subgroup
analysis based on gender is conducted on the included research
subjects. The varying physiological structures of women and men
result in divergent effects from the same exercise intervention (124).
Additionally, the limited availability of articles containing follow-up
data poses a challenge to conducting statistical analysis on this
information, thereby impeding the evaluation of sustained cognitive
enhancement post-intervention. Consequently, our future research
efforts will focus on investigating the influence of follow-up
duration on cognitive improvement. Concurrently, our
forthcoming research endeavors should prioritize the
sustainability of long-term follow-up on cognitive function
enhancement. The incorporated literature encompasses follow-up
data, which will be scrutinized and deliberated upon to bolster the
credibility of research findings. It is imperative to incorporate
additional articles that provide comprehensive descriptions of
exercise dosage in order to bolster the quantity of literature and
the reliability of data, thereby aligning with the parameters of the
restricted cubic spline plot and enhancing the validity of the
research findings. Finally, it is imperative to prioritize the
psychological well-being of research subjects, as the psychological
dimension serves as a mediator that can significantly influence their
physical health, warranting careful consideration (125).

5 Conclusion

This network meta-analysis has shown that multi-component
exercise resulted in more positive outcomes in terms of global
cognitive and executive function in patients with mild cognitive
impairment. However, it is essential to approach these findings with
caution due to the limitations of the meta-analysis methodology and
the limited number of studies in the existing literature. The present
review does not definitively establish the ideal exercise regimen for
individuals with mild cognitive impairment. Consistent with prior
recommendations, engaging in moderate intensity multi-component
exercise sessions at least three times weekly, with shorter durations and
increased frequencies of such exercises, is likely to yield the most
favorable cognitive outcomes. Striking a proper balance is crucial, and
integrating multi-component exercise into daily routines can lead to
enduring benefits. Future research should focus on conducting
additional randomized controlled trials to offer more conclusive
evidence regarding the comparative effectiveness of various

exercise interventions.
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