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Effects of aerobic exercise 
interventions on cognitive 
function, sleep quality, and quality 
of life in older adults with mild 
cognitive impairment: a 
systematic review and 
meta-analysis
Wanyu Shu , Liang Chen , Jiadong Qiu  and Sung Min Kim *

Department of Sport Science, Hanyang University, Seoul, Republic of Korea

Background: Aerobic exercise, as a non-pharmacological intervention, has been 
widely recognized for its potential benefits on cognitive function in individuals 
with mild cognitive impairment (MCI). However, systematic evidence regarding 
its effects on other critical health domains, such as sleep quality and quality of 
life, remains limited. Moreover, previous meta-analyses have typically included 
a relatively small number of randomized controlled trials (RCTs), which may 
constrain the generalizability and objectivity of their findings.
Objective: This study aimed to evaluate the effects of aerobic exercise on 
cognitive function, sleep quality, and quality of life in older adults with MCI, and 
to identify key exercise prescription parameters based on the FITT principle 
(frequency, intensity, time, and type).
Results: A total of 26 randomized controlled trials involving 2,085 individuals 
with MCI were included. The meta-analysis revealed that aerobic exercise had a 
statistically significant positive effect on global cognitive function (SMD = 0.81, 
95% CI: 0.58–1.05, p < 0.00001) and quality of life (SMD = 1.26, 95% CI: 0.70–
1.82, p < 0.00001). However, no significant improvement was observed in sleep 
quality (SMD = 0.07, 95% CI: −1.79–1.93, p = 0.94). Subgroup analysis further 
indicated that interventions conducted four times per week, lasting more than 
50 min per session, at moderate intensity, and primarily involving walking were 
most effective in improving cognitive function.
Conclusion: The findings of this study demonstrate that aerobic exercise 
may significantly improve cognitive function and quality of life in older adults 
with MCI, with enhanced effects observed when intervention parameters are 
optimized.
Systematic review registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42024495979, Unique Identifier: CRD42024495979.
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1 Introduction

Effective methods for delaying and controlling cognitive decline 
in older individuals are the focus of growing research as the global 
aging population is rapidly expanding (1). Currently, around 50 
million people globally are estimated to have dementia according to 
the World Health Organization. Projections indicate that by 2050, this 
number is expected to triple (2). Dementia significantly affects the 
quality of life in later years, placing a considerable burden on families 
and society (3). Thus, dementia treatment and early detection 
are essential.

The MCI is commonly regarded as a transitional stage between 
normal cognitive function and dementia (4). The diagnostic criteria 
for MCI include subjective concerns about cognitive changes, 
impairment in one or more cognitive domains, preserved activities of 
daily living (ADL), and the absence of dementia (5, 6). In MCI 
research, global cognitive function refers to an individual’s overall 
cognitive performance across multiple domains, such as memory, 
attention, executive function, language, and visuospatial ability, and is 
typically assessed using standardized screening tools like the Mini-
Mental State Examination (MMSE) or the Montreal Cognitive 
Assessment (MoCA) (4, 7). The prevalence of MCI in older adults is 
approximately 16.6%, and about 23.8 to 46% of elderly individuals 
with MCI progress to dementia within 3 years of diagnosis (8–10). 
Therefore, developing effective preventive strategies to delay or even 
reverse cognitive decline in MCI patients is of critical importance.

Interventions for the MCI phase encompass both pharmacological 
and non-pharmacological domains. Pharmacological interventions 
for MCI mainly include acetylcholinesterase inhibitors, the NMDA 
receptor antagonist memantine, and antihypertensive agents. 
However, current evidence remains insufficient to support the long-
term efficacy of these drugs in improving cognitive function among 
individuals with MCI (11). Moreover, multiple systematic reviews and 
a scientific statement issued by the American Heart Association have 
consistently reported that acetylcholinesterase inhibitors, 
antihypertensive medications, statins, and nonsteroidal anti-
inflammatory drugs (NSAIDs) do not reduce the incidence of 
dementia (12–15).

Given these limitations, non-pharmacological interventions 
have gained increasing attention as relatively safe and scalable 
strategies to preserve and enhance cognitive function in people with 
MCI (12). Non-pharmacological interventions for MCI include 
physical activity (PA), music therapy (MT), and computerized 
cognitive training (CCT), among other modalities (16–22). Physical 
activity is widely recognized for its therapeutic benefits as a 
non-pharmacological intervention.

Exercise is a subset of physical activity that is planned, structured, 
and purposeful, aimed at improving or maintaining health and fitness. 
In contrast, physical activity refers to any bodily movement produced 
by skeletal muscles that results in energy expenditure, such as 
household chores or recreational activities (23). Exercise plays a 
critical role in delaying the progression of MCI to dementia, 
particularly by significantly benefiting executive function and memory 
(24). Moreover, exercise incorporates cognitive and social 
components, which may further enhance overall brain function (25).

Aerobic exercise, characterized by sustained and rhythmic 
activities involving large muscle groups, aims to enhance aerobic 
fitness—the ability of the cardiovascular system to deliver oxygen to 

working muscles (26). Findings from a meta-analytic subgroup 
analysis suggest that aerobic exercise, compared with other forms of 
physical activity, may yield the most pronounced improvements in 
cognitive function among individuals with MCI (27). This type of 
exercise enhances cardiopulmonary function, increases cerebral blood 
flow, boosts cognitive reserve, and enlarges hippocampal volume, 
collectively supporting cognitive improvement (28–30). Additionally, 
aerobic exercise stimulates the production of brain-derived 
neurotrophic factor (BDNF), which enhances synaptic plasticity and 
neuronal density. These changes improve neuroplasticity and support 
cognitive performance (31–33). Furthermore, aerobic exercise is 
accessible, cost-effective, and low-risk, making it ideal for older 
adults (34).

Notably, recent research has increasingly highlighted the 
relationship between sleep disturbances and cognitive decline in 
individuals with MCI, underscoring the critical role of sleep quality 
in maintaining cognitive health. Several studies have reported that 
the prevalence of sleep disturbances among individuals with MCI 
ranges from 60.3 to 70.1%, which is significantly higher than that 
observed in cognitively healthy older adults (35–37). Moreover, 
over 60% of MCI patients have subjectively reported experiencing 
poor sleep quality (36). When poor sleep quality persists for more 
than 2 years, the risk of hippocampal atrophy and abnormal beta-
amyloid accumulation markedly increases, accelerating the 
progression from MCI to dementia by approximately threefold (38, 
39). Therefore, proactive management of sleep disturbances in older 
adults with MCI is of both theoretical importance and 
practical relevance.

Meanwhile, the impact of MCI on quality of life (QoL) remains a 
subject of debate (40). Some studies suggest that MCI does not 
significantly impair QoL, whereas others report that cognitive decline 
in individuals with MCI is often accompanied by varying degrees of 
deterioration in emotional regulation, social engagement, self-efficacy, 
and satisfaction with daily living (41, 42). Given that QoL is closely 
linked to a range of cognitive functions—such as attention, memory, 
and language—and that individuals with MCI typically exhibit 
impairments in these domains to varying extents (43, 81), it is essential 
to examine the relationship between cognitive decline and QoL in 
greater depth. Such analysis is crucial for developing effective 
assessment frameworks and intervention strategies tailored to the 
specific needs of this population.

Recently, Ahn and Kim (44) conducted a systematic review and 
meta-analysis examining the effects of aerobic exercise on cognitive 
function and sleep in older adults with MCI. While informative, that 
review included only 11 RCTs, covering cognition and just two studies 
on sleep, and did not assess quality of life (44). Similarly, Han et al. (4) 
focused primarily on cognition and sleep, but their analysis was based 
on a limited evidence pool of 18 RCTs (4).

Expanding upon these earlier reviews, the present study 
incorporates 26 RCTs published up to May 2025, including 8 
additional trials not covered previously, of which 6 were newly 
published between 2024 and 2025. Notably, this study includes 24 
RCTs on cognitive function, along with 5 on sleep quality and 7 on 
quality of life, thereby broadening the outcome scope. Importantly, the 
inclusion of the most recent trials resulted in a slightly lower but more 
stable effect size for global cognition, indicating an updated and more 
conservative estimate of the benefits of aerobic exercise in MCI. By 
integrating a larger and more diverse body of evidence, this 
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meta-analysis offers greater statistical power and a more 
comprehensive evaluation of the multidimensional benefits of aerobic 
exercise in MCI.

In summary, several meta-analyses have examined the effects of 
aerobic exercise on cognitive function in older adults with MCI (44–
46). However, these studies were generally limited by small sample 
sizes, restricted intervention types, and a predominant focus on 
cognitive outcomes. Although some also addressed sleep or quality of 
life measures, the supporting evidence for these domains remains 
relatively weak. Therefore, the present study systematically evaluates 
the effects of aerobic exercise on global cognition, sleep quality, and 
quality of life in older adults with MCI. It further explores how 
exercise characteristics, including modality, frequency, intensity, 
duration, and assessment tools, influence intervention outcomes. By 
synthesizing evidence from randomized controlled trials, this meta-
analysis aims to provide updated and empirically grounded 
recommendations for optimizing exercise-based management 
strategies for MCI.

2 Materials and methods

2.1 Protocol and registration

This study was conducted after registration with the International 
Prospective Systematic Evaluation Registry database (PROSPERO), 
and registration ID: CRD42024495979, https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42024495979. The study 
adhered to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) criteria.

2.2 Search strategy

As of May 2025, we conducted a comprehensive search across 
four major academic databases: Web of Science, Cochrane Library, 
PubMed, and EMBASE. The search strategy combined MeSH terms 
and free-text keywords related to mild cognitive impairment, 
aerobic exercise, and randomized controlled trials. For example, the 
core PubMed search string was: (“Cognitive Dysfunction”[Mesh] 
OR “Mild Cognitive Impairment”[Title/Abstract]) AND 
(“Exercise”[Mesh] OR “Aerobic Exercise”[Title/Abstract] OR 
“Physical Activity”[Title/Abstract]) AND (“Randomized 
Controlled Trial”[Publication Type] OR randomized[Title/
Abstract]). The full search syntax for all databases, including 
detailed synonyms and Boolean operators, is provided in 
Appendix A. Two authors (WYS and LC) independently screened 
titles, abstracts, and full texts to identify relevant studies. 
Disagreements were resolved through discussion or consultation 
with a third arbitrator (JDQ).

2.3 Inclusion and exclusion criteria

Inclusion criteria: (1) participants: aged 60 years or older and 
diagnosed with MCI, including both amnestic MCI (aMCI) and 
non-amnestic MCI (naMCI), based on validated diagnostic criteria 
such as Petersen’s criteria. (2) Interventions: Evidence from previous 

studies indicates that at least 6 weeks of aerobic exercise is required to 
yield significant benefits for older adults with MCI (47). Accordingly, 
the intervention group participated in aerobic exercise lasting at least 
6 weeks, with a frequency of at least once per week. (3) Comparisons: 
No specific exercise intervention was administered to the control 
group, only maintaining their daily activities and health education, 
including stretching, balance training, or movement education. (4) 
Outcomes: Global cognitive function, Sleep Quality and Quality of life. 
(5) Design: For patients with MCI, this study comprises all published 
RCTs on aerobic exercise as an exercise intervention.

Excluded criteria: (1) Patients without MCI. (2) Non-aerobic 
exercise intervention was given to the intervention group. (3) The 
control group underwent an exercise intervention. (4) Non-RCTs 
or animal studies. (5) Unavailable studies, such as reviews, meta-
analyses, abstracts, study protocols and case reports. (6) The 
original data could not be located. (7) Gray literature, including 
dissertations, conference proceedings, or unpublished reports, and 
non-English language studies were excluded to ensure data quality, 
methodological consistency, and replicability across included trials.

2.4 Data extraction

Two authors, SWY and CL, independently extracted data for each 
included study. We extracted the following information from each study: 
study information (authors, country, year and sample size), participant 
characteristics (gender and mean age), intervention group characteristics 
(FITT-VP: Frequency, Intensity, Time, Type, Volume, and Progression), 
characteristics of the control group and outcome measures.

2.5 Risk of bias assessment

Authors (WYS and LC) independently used the revised Cochrane 
Risk of Bias Tool 2.0 (48) to assess bias risk in selected studies across five 
domains: randomization process, intervention deviations, missing data, 
outcome measures, and reporting options. They rated each domain as 
low risk, some concerns, or high risk. Disagreements were resolved 
through discussion or consultation with a third arbitrator (JDQ). 
Although inter-rater agreement (e.g., Cohen’s κ) was not statistically 
calculated, consensus was reached on all final judgments after 
independent evaluation to ensure methodological rigor and reliability.

2.6 Statistical analyses

Data were analyzed by Review Manager 5.4 and Stata 17.0 statistical 
software, following the guidelines outlined in the Cochrane Handbook 
(49). Meta-analyses calculated changes from baseline to post-
intervention using mean and standard deviation (SD). The effect size 
was measured using mean difference (MD) or standardized difference 
(SMD), Standardized Mean Difference (SMD) was used to estimate 
pooled effect sizes when assessing outcome measures using different 
scales of measurement. Effect sizes were defined as small (0.2), medium 
(0.5), or large (0.8) (50). Data summaries included 95% confidence 
intervals (CI). Study heterogeneity was evaluated with the I2 index, 
considered low at I2 ≤ 25%. Moderate heterogeneity was determined 
when I2 was ≤50% and >25%. I2 > 50% indicated high heterogeneity (51).
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This study conducted subgroup analyses of variables to identify 
effective exercise strategies for patients with MCI based on the FITT 
principle and to examine potential sources of heterogeneity in cognitive 
function. Analyzed variables included 11 types of interventions (e.g., 
aerobic dance, walking, Tai Chi), 3 levels of intensity (low, moderate, 
and moderate-to-high), 2 durations (≥50 min and <50 min), 5 
frequencies (once to five times per week), and 10 assessment tools (e.g., 
MoCA, MMSE, and ADAS). The categorization of all variables was 
based on the information reported in the included studies.

3 Results

3.1 Study selection

Following the predefined search strategy, 16,614 articles were 
identified from four major electronic databases. Additionally, 7 articles 

were identified through reverse citation search, bringing the total to 
16,621 articles. After removing 6,826 duplicates, 9,795 articles 
remained. After reviewing abstracts and titles, two reviewers (WYS 
and LC) narrowed down the field to 86 eligible studies, having 
excluded 9,709. Upon a thorough examination of the full-text papers, 
the study was conducted on the final 26 articles eligible for inclusion 
following exclusion of 60 studies. The screening process for eligible 
studies is illustrated in Figure 1.

3.2 Characteristics of included studies

Table 1 outlines the characteristics of the 26 randomized 
controlled trials included in this meta-analysis. The study involved a 
total of 2,085 participants diagnosed with MCI, all aged 60 years or 
older, including 1,031 in the intervention groups and 1,054 in the 
control groups. Specifically, for each outcome domain, global cognitive 

FIGURE 1

Study selection process flowchart.
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function analyses included 957 intervention and 982 control 
participants, sleep quality analyses included 174 intervention and 174 
control participants, and quality of life analyses included 301 
intervention and 288 control participants.

These studies were conducted in China (11 studies) (29, 52–60, 80), 
Spain (3) (61–63), Hong Kong (3) (64–66), Korea (2) (67, 68), One 
study each was conducted in the United States (69), Iran (70), Thailand 
(71), Japan (72), Pakistan (73), Greece (74), and Turkey (75). The 
sample sizes ranged from 20 to 265 participants. All included studies 
explicitly stated the eligibility criteria for participant recruitment.

The studies explored various aerobic exercises, including dance 
(11 studies), tai chi (6), walking (3), kayaking (2), and one study each 
in running, stepping, bike, handball, and traditional Thai exercise. 
Aerobic intervention durations ranged from 21 to 80 min, with 
exercise frequencies between once and five times weekly, and cycles 
lasting 6 to 48 weeks. In contrast, the control groups in these trials 
were compared to a variety of activities, such as social activities, 
stretching exercises, health education, placebo, and routine care.

The outcome measures included global cognitive function, sleep 
quality and quality of life. A total of 24 studies assessed global cognitive 
performance using standardized tools such as the Mini-Mental State 
Examination (MMSE), the Montreal Cognitive Assessment (MoCA), 
and the Alzheimer’s Disease Assessment Scale–Cognitive Subscale 
(ADAS-Cog). Sleep quality was evaluated in 5 studies using the 
Pittsburgh Sleep Quality Index (PSQI) and ActiGraph monitoring. 
Quality of life was assessed in 7 studies employing instruments such 
as the Quality of Life in Alzheimer’s Disease Scale (QOL-AD) and the 
12-Item Short Form Health Survey (SF-12).

3.3 Bias risk of the included studies

The Cochrane Risk of Bias Tool was used to assess the risk of bias 
in the 26 included randomized controlled trials (Figure 2). Of these, 11 
trials were rated as having a “low risk” of bias, 12 trials were rated as 
having “some concerns,” and 3 trial was rated as “high risk.” Domain-
specific analysis indicated that the majority of studies rated as having 
“some concerns” showed potential issues related to the randomization 
process (D1), deviations from the intended interventions (D2), and 
missing outcome data (D3). Studies classified as “high risk” were 
predominantly associated with missing outcome data (D3). In contrast, 
most trials demonstrated a low risk of bias in the measurement of the 
outcome (D4) and selection of the reported result (D5). Figure 2 
illustrates the distribution of bias across these five domains, further 
supporting the reliability and interpretability of the present findings.

3.4 Synthesis of results

3.4.1 Global cognitive function
A total of 24 studies reported the effects of aerobic exercise on 

global cognitive function in individuals with MCI (Figure 3). Given 
the substantial heterogeneity among the included studies (I2 = 87%, 
p < 0.00001), a random-effects model was applied for the meta-
analysis. The results indicated a statistically significant improvement 
in global cognitive performance in the intervention group compared 
to the control group (SMD = 0.81, 95% CI: 0.58 to 1.05, Z = 6.78, 
p < 0.00001).

To explore potential sources of heterogeneity, subgroup analyses 
were conducted based on variables such as intervention type, duration, 
intensity, frequency, and cognitive assessment tools (Appendix B). 
However, none of these factors sufficiently explained the observed 
heterogeneity. This may be attributed to variations across studies in 
intervention design, participant characteristics, measurement 
instruments, and implementation procedures. Although the primary 
source of heterogeneity could not be clearly identified, contextual 
factors such as differences in study settings, assessor training, and 
testing environments may have contributed to the inconsistencies 
in outcomes.

3.4.1.1 Subgroup analyses
The subgroup analysis based on exercise frequency included 

studies with intervention frequencies ranging from one to five sessions 
per week (Figure 4). Among these, the subgroup engaging in aerobic 
exercise four times per week demonstrated the most significant 
improvement in global cognitive function, with a standardized mean 
difference (SMD = 2.69, 95% CI: 1.98 to 3.40, Z = 7.42, p < 0.00001). 
These findings suggest that a higher exercise frequency—specifically 
four sessions per week—may produce greater cognitive benefits for 
individuals with MCI.

The subgroup analysis based on exercise intensity included studies 
categorized into high-, moderate-, and low-intensity intervention 
groups (Figure 5). The findings indicated that moderate-intensity 
exercise yielded the most significant improvement in global cognitive 
function among individuals with MCI, with a standardized mean 
difference (SMD = 0.83, 95% CI: 0.53 to 1.14, Z = 5.35, p < 0.00001). 
These results suggest that, compared to low- or high-intensity 
interventions, moderate-intensity aerobic exercise may be more 
effective in enhancing cognitive function in individuals with MCI.

The subgroup analysis based on exercise duration categorized the 
interventions into two groups: sessions lasting more than 50 min and 
those lasting less than 50 min (Figure 6). The results showed that 
exercise sessions longer than 50 min produced the most significant 
improvement in global cognitive function among individuals with 
MCI, with a standardized mean difference (SMD = 1.01, 95% CI: 0.73 
to 1.29, Z = 6.98, p < 0.00001). These findings suggest that, compared 
to shorter sessions, longer-duration aerobic exercise may be more 
effective in enhancing cognitive function in individuals with MCI.

The subgroup analysis based on exercise type categorized the 
interventions into 11 different forms of aerobic exercise, including Tai 
Chi, walking, and dance (Figure 7). Among these, walking was 
associated with the most significant improvement in global cognitive 
function, with a standardized mean difference (SMD = 1.56, 95% CI: 
0.56 to 2.57, Z = 3.05, p = 0.002). These findings suggest that, 
compared to other forms of aerobic exercise, walking may offer greater 
potential benefits for enhancing cognitive function in individuals 
with MCI.

To better interpret these results, it is important to note that the 
walking interventions included across studies were generally designed 
as moderate-intensity aerobic programs performed three to five times 
per week over a period of 6 to 20 weeks. Each session typically lasted 
30–50 min, consisting of a warm-up, steady walking phase, and cool-
down period. Exercise intensity was maintained at approximately 
55–65% of the maximal heart rate or a rating of perceived exertion 
(RPE) of 11–14, ensuring suitability for older adults with mild 
cognitive impairment.
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TABLE 1  Study characteristics.

No. First author 
(year)

Country 
(region)

Sample size 
(I: C)

Age 
(mean ± SD)

Gender 
(female: 

male)

FITT VP Duration 
(weeks)

Comparison Outcomes

1 Yu et al. (2022) (66) Hong Kong 10:12
I (67.3 ± 4.2)

C (67.6 ± 8.1)

I (7:3)

C (10:2)

F: 3/week; I: Moderate

T: 60 min; T: Tai Chi

V: 180 min

P: Stable
24 Social activities

MoCA, PSQI

SF12

2
Choi and Lee (2019) 

(68)
Korea 30:30

I (77.27 ± 4.37)

C (75.37 ± 3.97)

I (25:5)

C (26:4)

F: 2/week; I: NR; T: 60 min

T: Virtual Kayak Paddling

V: 120 min

P: Stable
6 Home exercise MoCA

3
Song and Doris 

(2019) (29)
China 60:60

I (76.22 ± 5.76)

C (75.33 ± 6.78)

I (48:12)

C (42:18)

F: 3/week; I: Moderate

T: 60 min; T: Stepping

V: 180 min

P: Gradual
16 Health education

MoCA

QOL-AD-C

4
Song et al. (2024) 

(56)
China 45:44

I (76.71 ± 5.96) C 

(75.20 ± 6.63)

I (36:9)

C (32:12)

F: 3/week; I: Moderate

T: 60 min; T: Aerobic Dancing

V: 180 min

P: Stable
16 Health education MOCA

5 Li et al. (2022) (69) America 22:24
I (74.5 ± 5.6)

C (74.9 ± 6.3)

I (8:14)

C (15:9)

F: 2/week; I: NR

T: 60 min; T: Tai Chi

V: 120 min

P: Gradual
16 Stretching exercises MoCA

6
Khatta et al. (2022) 

(73)
Pakistan 29:30 62.49 ± 1.82 24:35

F: 5/week; I: Moderate

T: 60 min; T: Walking

V: 300 min

P: Stable
6 Social activities

MMSE

MoCA

7
Wang et al. (2024) 

(80)
China 30:30 60–69 NR

F: 4/week; I: NR; T: 40 min

T: Chinese Square Dance

V: 160 min

P: Stable
12 Social activities MoCA

8
Lazarou et al. (2017) 

(74)
Greece 66:63

I (65.89 ± 10.76)

C (67.92 9.47)

I (53:13)

C (48:15)

F: 2/week; I: NR

T: 60 min; T: Dancing

V: 120 min

P: Gradual
40 Social activities MMSE

9
Chang et al. (2021) 

(52)
China 62:47

I (76.56 ± 3.60)

C (75.94 ± 3.61)
NR

F: 3/week; I: Moderate-to-high

T: 30 min; T: Chinese Square 

Dance

V: 90 min

P: Stable
18 Social activities

MoCA

SF-12

10
Bademli et al. 

(2019) (75)
Turkey 30:30

I (72.24 ± 7.16)

C (70.67 ± 8.34)

I (18:12)

C (17:13)

F: 4/3/7/week; I: Moderate

T: 80 min; T: Walking

V: 364 min

P: Alternating 

frequency cycle

20 Social activities SMMSE

11
Lam et al. (2014) 

(64)
Hong Kong 96:169

I (77.2 ± 6.3)

C (78.3 ± 6.6)
NR

F: ≥3/week; I: NR

T: ≥30 min; T: Tai Chi

V: 90 min

P: Incremental
48

Stretching and 

relaxation exercises

MMSE

ADAS

12
Lin et al. (2025) 

(54)
China 18:18

I (86.17 ± 6.022)

C (81.96 ± 6.12)

I (9:9)

C (13:5)

F: 3/week; I: NR

T: 30 min; T: Tai Chi

V: 90 min

P: Stable
12 Routine care MoCA

12
Lin et al. (2025) 

(54)
China 18:18

I (85.28 ± 4.650)

C (81.96 ± 6.12)

I (14:4)

C (13:5)

F: 3/week; I: NR

T: 30 min; T: Walking

V: 90 min

P: Stable
12 Routine care MoCA

13
Kohanpour et al. 

(2017) (70)
Iranian 10:10 67.85 ± 3.89

I (0:10)

C (0:10)

F: 3/week; I: Moderate-to-high

T: 21–39 min; T: Runing

V: 90 min

P: Gradual
12 Placebo MMSE

14 Qi et al. (2019) (55) China 16:16
I (70.6 ± 6.2)

C (69.1 ± 8.1)

I (11:5)

C (12:4)

F: 3/week; I: Moderate

T: 35 min; T: SDMIAD

V: 105 min

P: Stable
12 Routine care

MMSE

MoCA

(Continued)
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TABLE 1  (Continued)

No. First author 
(year)

Country 
(region)

Sample size 
(I: C)

Age 
(mean ± SD)

Gender 
(female: 

male)

FITT VP Duration 
(weeks)

Comparison Outcomes

15
Sánchez-Alcalá et 

al. (2024) (62)
Spain 47:45

I (71.43 ± 2.97)

C (72.24 ± 2.92)

I (29:18)

C (29:16)

F: 2/week; I: Moderate

T: 60 min; T: Aerobic Dance

V: 120 min

P: Incremental
12 Social activities

PSQI

SF-36(CSF)

SF-36(CSM)

16
Sánchez-Alcalá et 

al. (2025) (61)
Spain 47:45

I (71.43 ± 2.97)

C (72.24 ± 2.92)

I (29:18)

C (29:16)

F: 2/week; I: Moderate

T: 60 min; T: Aerobic Dance

V: 120 min

P: Incremental
12 Social activities MMSE

17
Siu and Lee (2018) 

(65)
Hong Kong 80:80 ≥60

I (58:22)

C (60:20)

F: 2/week; I: Moderate

T: 60 min; T: Tai Chi

V: 120 min P: 

Stable
16 Routine care CMMSE

18
Khanthong et al. 

(2021) (71)
Thailand 35:36

I (60.26 ± 5.67)

C (61.47 ± 7.49)

I (31:4)

C (25:11)

F: 3/week; I: NR

T: 60 min; T: Ruesi Dadton

V: 180 min P: 

Stable
12 Social activities MoCA

19
Gao et al. (2024) 

(53)
China 27:27

I (78.6 ± 7.0)

C (80.9 ± 8.4)

I (18:9)

C (19:8)

F: 3/week; I: NR

T: 50 min; T: Tai Chi

V: 150 min

P: Stable
12 Routine care

ActiGraph QOL-

AD

20

Varela et al. (2012) 

(63)
Spain 17:15

I (79.24 ± 10.07)

C (79.4 ± 6.72)
27:21

F: 3/week; I: Low

T: 30 min; T: Bike

V: 90 min

P: Gradual
12

Recreational 

activities
MMSE

20

Varela et al. (2012) 

(63)
Spain 16:15

I (76.44 ± 11.38)

C (79.4 ± 6.72)
27:21

F: 3/week; I: Moderate

T: 30 min; T: Bike

V: 90 min

P: Gradual
12

Recreational 

activities
MMSE

21

Wang et al. (2020)

(57)
China

33:33 I (81.06 ± 5.17)

C (81.09 ± 7.44)

I (26:7)

C (21:12)

F: 3/week; I: Moderate; T: 40 min

T: Chinese Square Dancing

V: 120 min

P: Stable

12 Routine care MoCA, MMSE

SF-12(PCS)

SF-12(MCS)

22 Doi et al. (2017)(72) Japanese 67:67 I (75.7 ± 4.1)

C (76.0 ± 4.9)

I (34:33)

C (31:36)

F: 1/week; I: NR

T: 60 min; T: Dance

V: 60 min

P: Stable

40 Health education MMSE

23 Choi and Lee (2018) 

(67)

Korea 30:30 I (74.90 ± 5.10)

C (74.23 ± 4.38)

I (24:6)

C (25:5)

F: 2/week; I: NR

T: 60 min; T: GKP

V: 120 min

P: Stable

6 Home exercise MoCA

24 Wei and Ji (2014) 

(58)

China 30:30 I (66.73 ± 5.48)

C (65.27 ± 4.63)

I (9:21)

C (11:19)

F: 5/week; I: Moderate

T: 30 min; T: Handball

V: 150 min

P: Stable

24 Original life 

entertainment

MMSE

25 Zhao et al. (2021) 

(59)

China 31:32 I (73.35 ± 5.10)

C (71.25 ± 6.73)

I (26:5)

C (26:6)

F: 3/week; I: Moderate

T: 60 min; T: Square Dancing

V: 180 min

P: Stable

12 Health education MoCA-P

26 Zhu et al. (2018) 

(60)

China 29:31 I (70.3 ± 6.7)

C (69.0 ± 7.3)

I (15:14)

C (21:10)

F: 3/week; I: Moderate

T: 35 min; T: Aerobic Dance

V: 105 min

P: Stable

24 Routine care MoCA, SF-36

ADAS, Alzheimer’s Disease Assessment Scale; CMMSE, Chinese version of Mini-Mental State Examination; C, control group; FITT, Frequency, Intensity, Time, Type; GKP, Ground Kayak Paddling; I, Intervention group; MMSE, Mini Mental State Examination; MoCA, 
Montreal Cognitive Assessment; MoCA-P, Montreal Cognitive Assessment-Peking version; NR, No Response; QOL-AD-C, Quality of Life–Alzheimer’s disease, Chinese version; SDMIAD, Specially Designed Moderate-Intensity Aerobic Dance; SF-12, Short-Form 12 
Health Survey; SF-36, 36-item Short Form Health Survey; SF-12(MCS), Short-Form 12 health survey mental component summary; SF-12(PCS), Short-Form 12 health survey physical component summary; SF-36(CSF), 36-item Short Form Health Survey Physical 
Component Summary; SF-36(CSM), 36-item Short Form Health Survey Mental Component Summary; SMMSE, Standardized Mini Mental State Examination; VP, volume, progression.
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The intervention formats included both supervised treadmill or 
group-based training led by researchers or therapists and individualized 
home-based programs monitored through weekly check-ins. The 
methodological consistency across these studies suggests that structured, 
moderate-intensity, and progressively supervised walking programs 
may provide greater potential benefits for improving cognitive function 
in individuals with MCI compared with other forms of aerobic exercise.

3.4.1.2 Sensitivity analysis
The leave-one-out sensitivity analysis revealed that the magnitude 

and direction of the pooled effect size remained largely unchanged 
after sequentially excluding each study and fell within the confidence 
interval of the overall analysis (Figure 8). This indicates that aerobic 
exercise has a significant and stable effect on improving global 
cognitive function in patients with MCI, with the results not being 
substantially influenced by any single study. However, considerable 
heterogeneity was observed among the included studies (I2 = 87%). 

Exploratory inspection of study-level characteristics suggested that 
variations in participants’ mean age, intervention duration, and study 
region might partially account for this variability.

3.4.1.3 Publication bias
Figure 9 presents the funnel plot illustrating the effect of aerobic 

exercise on global cognitive function in patients with MCI, the 
distribution of which suggests the potential presence of publication 
bias. The Egger’s regression test further indicated significant 
asymmetry in the funnel plot (p = 0.001). To further assess the 
potential impact of publication bias on the results, the trim-and-fill 
method was applied under a random-effects model (Appendix 3). The 
analysis showed that no studies were imputed, and the adjusted pooled 
effect size (SMD = 0.827, 95% CI: 0.588–1.065, p < 0.001) remained 
consistent with the pre-adjustment estimate. These findings suggest 
that, despite the asymmetry observed in the funnel plot, the overall 
effect estimate remains robust.

FIGURE 2

Risk of bias assessment.
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3.4.2 Sleep quality
A total of 5 studies assessed the effects of aerobic exercise 

interventions on sleep quality in individuals with MCI. As shown in 
Figure 10, the results indicated no statistically significant difference in 
sleep quality between the intervention and control groups 
(SMD = 0.07, 95% CI: −1.79 to 1.93, Z = 0.07, p = 0.94).

3.4.3 Quality of life
A total of 7 studies evaluated the effects of aerobic exercise 

interventions on quality of life in individuals with MCI. As shown in 
Figure 11, the results indicated a statistically significant improvement in 
quality of life in the intervention group compared to the control group 
(SMD = 1.26, 95% CI: 0.70 to 1.82, Z = 4.44, p < 0.00001). These findings 
suggest that aerobic exercise may exert a positive effect on quality of life 
in individuals with MCI and holds promise for clinical application.

4 Discussion

4.1 Summary of findings

This systematic review and meta-analysis synthesized data from 
26 published RCTs to evaluate the effects of aerobic exercise 
interventions on three key domains in individuals with MCI: global 
cognitive function, sleep quality, and quality of life. The findings 
indicate that aerobic exercise has a statistically significant positive 
effect on enhancing global cognitive function and improving quality 

of life among individuals with MCI. However, no significant 
improvement was observed in sleep quality.

Notably, all outcome measures demonstrated substantial 
heterogeneity. Although the primary sources of heterogeneity 
could not be definitively identified, potential contributing factors 
include differences in participant characteristics (e.g., age, baseline 
cognitive status), variability in intervention designs (e.g., exercise 
intensity, duration, and frequency), and the diverse measurement 
tools employed across studies. These factors may account for the 
inconsistencies observed in the pooled results. In addition, the 
sensitivity analysis showed that, after sequentially excluding any 
single study, the pooled effect sizes for overall cognitive function 
and quality of life remained statistically significant, with only 
minor variations in magnitude. This suggests that the conclusions 
of the present study demonstrate a relatively high degree 
of robustness.

To further elucidate the differential effects of aerobic exercise 
interventions across various contexts, this study first focused on the 
core outcome of global cognitive function. Improvement in cognitive 
function is considered a primary indicator for evaluating the 
effectiveness of cognitive interventions, as it reflects the integrated 
performance of multiple cognitive domains, including memory and 
executive function (76). The results of this meta-analysis demonstrated 
that aerobic exercise significantly enhanced global cognitive function 
in individuals with MCI (SMD = 0.81, p < 0.00001). These 
improvements are closely associated with increased cognitive reserve, 
enlargement of hippocampal volume, and enhanced 

FIGURE 3

The effect of aerobic exercise on global cognitive function.
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neuroplasticity—key factors underpinning memory, learning, and 
executive control (28, 30–32). Moreover, the enhancement of global 
cognitive function may indirectly contribute to greater independence 
in daily living and higher levels of social engagement, ultimately 
facilitating improvements in quality of life (77).

Given the significant improvements and observed heterogeneity 
in global cognitive outcomes, this study further conducted 
subgroup analyses based on the FITT framework (Frequency, 
Intensity, Time, and Type) to identify potential moderating factors. 
The findings revealed that interventions delivered four times per 
week produced the greatest improvements in cognitive function 

(SMD = 2.69, p < 0.00001), suggesting that regular and relatively 
high-frequency exercise may help maximize cognitive benefits. In 
contrast, lower or excessively high frequencies may lead to 
suboptimal outcomes due to insufficient stimulation or fatigue-
related effects.

Regarding intensity, moderate-intensity aerobic exercise was 
associated with the most pronounced improvements in cognitive 
performance (SMD = 0.83, p < 0.00001), supporting the notion that 
moderate levels of stimulation may optimally activate neuroplastic 
mechanisms and promote cognitive enhancement (55, 57, 60). In terms 
of session duration, interventions lasting longer than 50 min per 

FIGURE 4

Subgroup analysis – frequency.
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session yielded significantly greater cognitive gains (SMD = 1.01, 
p < 0.00001), potentially due to more robust activation of the prefrontal 
cortex and hippocampus during prolonged physical activity.

Finally, when examining the type of intervention, 11 distinct 
forms of aerobic exercise were included, such as Tai Chi, walking, and 
dance. Among these, walking demonstrated the greatest cognitive 
benefit (SMD = 1.56, p = 0.002), highlighting the practical value of 
low-barrier, easily disseminated exercise modalities for older adults 
with MCI.

These findings offer empirical support for the development of 
more targeted and effective exercise intervention strategies. By 
optimizing FITT parameters, it may be possible to further enhance 
the cognitive benefits of aerobic exercise while improving adherence 
and engagement among individuals with MCI.

In addition to improvements in cognitive function, this study also 
systematically evaluated another critical health outcome—quality of 
life. As the ultimate goal of cognitive interventions, enhancing quality 
of life represents a meaningful endpoint for individuals with MCI. The 
present findings demonstrate that aerobic exercise significantly 
improves quality of life (SMD = 1.26, p < 0.00001), potentially 
mediated through enhanced cognitive functioning. For example, 
interventions involving walking and dance not only improved physical 
health but also fostered greater social interaction and psychological 
well-being (57, 59, 75). Furthermore, improvements in cognitive 
domains—particularly memory and executive function—may 

enhance individuals’ self-perceived health status, suggesting a 
bidirectional relationship between cognitive enhancement and quality 
of life.

Although the observed effect size (SMD = 1.26) falls within the 
“large effect” range according to Cohen’s criteria, it should be interpreted 
with caution. Variations in measurement tools (e.g., SF-36, QOL-AD), 
intervention duration, and participants’ baseline health status may have 
influenced the magnitude of the effect. Nevertheless, this finding 
suggests that aerobic exercise may have clinically meaningful benefits 
in enhancing physical well-being among individuals with MCI. This 
aligns with the recent findings of Mohammadi et al. (78), who reported 
that structured aerobic training significantly improved quality-of-life 
indices, further supporting the important role of aerobic exercise in 
promoting overall mental and physical health (78).

Despite the non-significant findings regarding improvements in 
sleep quality, this outcome remains a critical area of interest due to its 
close association with cognitive function. Sleep disturbances are 
highly prevalent among individuals with MCI and are recognized as 
potential risk factors for cognitive decline, with proposed mechanisms 
involving impaired glymphatic clearance, dysregulation of prefrontal 
control, and alterations in emotional regulation networks (29, 53, 
62, 66).

In this study, the absence of a statistically significant effect of 
aerobic exercise on sleep quality may be attributed to several 
contributing factors. First, there was heterogeneity in sleep 

FIGURE 5

Subgroup analysis – intensity.
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assessment methods; some studies employed subjective instruments 
such as the Pittsburgh Sleep Quality Index (PSQI), while others used 
objective measures such as actigraphy, resulting in varying levels of 
sensitivity for detecting changes in sleep patterns. Second, the 
limited number of included trials may have reduced the overall 
statistical power, thereby diminishing the likelihood of detecting 
clinically meaningful differences. Third, variability in intervention 
protocols, including differences in exercise type, intensity, and 
duration, may also have influenced the consistency of the observed 
outcomes. Nevertheless, existing literature suggests that sleep quality 
may act as a mediator or moderator between cognitive function and 
quality of life (79). Future research should explore the potential of 
integrated intervention strategies—such as combining aerobic 
exercise with sleep hygiene education or cognitive behavioral 
therapy—to more effectively improve sleep outcomes in 
this population.

In summary, the findings of this study underscore the pivotal role 
of aerobic exercise in promoting cognitive function, sleep quality, and 
quality of life among individuals with MCI. Aerobic exercise may exert 
its beneficial effects indirectly through multiple physiological and 
psychosocial mechanisms suggested in previous studies, which 

collectively could contribute to improvements in global cognitive 
function and quality of life. Although the evidence for its impact on 
sleep quality remains inconclusive, incorporating sleep as a variable 
within the framework of cognitive intervention evaluation holds both 
theoretical and clinical relevance. Future research should further 
clarify the relationship between different types of exercise 
interventions and sleep outcomes, thereby optimizing intervention 
strategies. These efforts will support the development of more 
comprehensive and targeted exercise prescriptions for individuals 
with MCI.

4.2 Strengths and limitations

This study conducted a systematic and comprehensive analysis 
of global cognitive function, sleep quality, and quality of life, and 
proposed optimized exercise parameters based on the FITT 
principle to improve cognitive function in individuals with MCI, 
offering high clinical reference value. One of the key strengths of 
this study lies in its rigorous subgroup analyses, which provide a 
scientific basis for developing personalized exercise intervention 

FIGURE 6

Subgroup analysis – time.
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strategies. In addition, compared to previous systematic reviews 
and meta-analyses on similar topics, this study included a larger 
number of RCTs with broader sample coverage, enhancing the 
representativeness and objectivity of the findings. These advantages 
contribute to the robustness and external validity of the conclusions 

and offer important insights for future clinical applications and 
academic research.

However, this study also has certain limitations. First, some of the 
included trials had relatively small sample sizes and did not provide 
detailed reports on participants’ adherence to the interventions or the 

FIGURE 7

Subgroup analysis – type.
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specific intensity of the exercise protocols, which may affect the 
reliability of the findings. In addition, only studies published in 
English were included, which may have led to the omission of 
potentially relevant research published in other languages.

5 Conclusion

The findings of this study indicate that aerobic exercise has a 
statistically significant positive effect on enhancing global cognitive 
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Leave-one-out sensitivity analysis plot.
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FIGURE 9

Funnel plot (Egger’s p = 0.001).
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function and quality of life in older adults with MCI, while no 
significant improvements were observed in sleep quality.

Subgroup analyses revealed that, among older adults with MCI, 
interventions conducted four times per week, lasting at least 50 min 
per session, at moderate intensity, and primarily involving walking 
yielded the most substantial improvements in cognitive function. 
However, as the underlying mechanisms of these interventions 
remain unclear, further high-quality, large-scale randomized 
controlled trials are needed to refine and optimize exercise-based 
intervention strategies.
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