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Abstract

Type 2 diabetes mellitus(T2DM) is a chronic metabolic disease that adversely affects
cognitive function. Aerobic exercise, an important non-pharmacological intervention,
has controversial effects on cognitive function. The goal of this study was to
systematically assess the effects of aerobic exercise on cognitive function in patients
with T2DM . Seven electronic literature databases were searched: PubMed, Web of
Science, Embase, Cochrane Library, Wanfang Data, CNKI, and VIP. The search was
conducted from the time of construction to June 2025. The data were analyzed using
RevMan5.4.1 and statal7. A total of nine studies with 841 patients were included in this
study, 410 in the experimental group and 431 in the control group. The results showed
that aerobic exercise had a significant effect on cognitive function in patients with T2DM
[SMD=0.94, 95% CI (0.63, 1.25), P<0.00001]. Aerobic exercise significantly improves
cognitive function in patients with T2DM, but more large-sample, high-quality
randomized controlled trials are needed in the future.
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1. Introduction

Type 2 diabetes is a chronic metabolic disease caused by a combination of genetic, metabolic,
and environmental factors[1] . Diabetes poses a significant burden on global public health and
is a leading cause of premature death globally, with the International Diabetes Federation
estimating that diabetes accounts for 6% of all deaths in the world's population[2] . 537 million
people were living with diabetes globally in 2021, and this is projected to increase to 783.2
million in 2045. As the prevalence of diabetes continues to increase, the economic burden on
society will become heavier, with total global healthcare expenditures related to diabetes
estimated at $966 billion in 2021, and projected to exceed $1 trillion in 2045[3] .

People with type 2 diabetes often also suffer from costly complications such as cardiovascular
disease, cognitive dysfunction, and retinopathy, which seriously affect their health and quality
oflife[4] . Microstructural changes occur in areas of the brain such as the frontotemporal region,
cerebellum, and major WM tracts in type 2 diabetics compared to healthy individuals, which
can adversely affect cognitive function[5] . Some studies have found that older adults with type
2 diabetes have poorer working memory and executive control than healthy older adults[6] .
The decline in cognitive function in type 2 diabetes poses three hazards: first, an increased risk
of falls[7] , which poses a serious threat to the lives of older adults with type 2 diabetes since
one older adult dies every 19 minutes from a fall[8] . Second, the risk of Alzheimer's disease is
higher than in the general population[9] . Thirdly, it leads to poor self-care and adherence to
diabetes treatment, which reduces the overall prognosis of diabetes and increases the chances
of complications[10] . Therefore, there is a need for appropriate interventions for people with
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type 2 diabetes to improve cognitive function and prevent greater harm due to deterioration of
cognitive function.

Medication can improve cognitive function in people with type 2 diabetes, but there may be
some risks and limitations, for example, one study found that insulin treatment was associated
with a 21% increased risk of dementia[11] and another found that metformin reduced the risk
of dementia significantly only in Western populations[12] . Among non-pharmacological
interventions, aerobic exercise can have a beneficial effect on the brains of ordinary
people, improving many aspects of cognition and performance[13,14] , but the results of
existing studies on whether it improves cognitive functioning in people with type 2 diabetes
are inconsistent, for example, one study found that 12 weeks of treadmill training positively
impacted on cognitive outcomes[15], while the most recent study did not detect a significant
difference between the aerobic exercise group and the attention control group[16]. Ding et al.
conducted a meta-analysis[17] and found that aerobic exercise significantly improved cognitive
function in patients with type 2 diabetes, but the study included several trials combining
aerobic exercise with medication, resulting in a meta-analysis of interventions that were not
aerobic exercise alone, and the study was limited in terms of age and cognitive status of the
patients.

In this study, we systematically assessed the effect of aerobic exercise on cognitive function in
patients with type 2 diabetes mellitus(T2DM) through meta-analysis. The differences between
this study and previous studies are as follows: (1) More accurate assessment of the effects of
aerobic exercise. Previous studies have included interventions combining aerobic exercise with
other interventions, which have the limitation that these other interventions might influence
cognitive function, leading to results that are either overestimated or underestimated when
assessing the effects of aerobic exercise on cognitive improvement. To avoid this, the study
included interventions consisting solely of aerobic exercise; if aerobic exercise was combined
with other interventions, it was excluded from the analysis. (2) Expanding the applicability of
the results. Previous studies imposed age restrictions on study participants, limiting the
applicability of the results. This study did not impose any restrictions on patients' age, gender,
or other factors.The study aimed to more accurately evaluate the effect of aerobic exercise on
improving cognitive function in T2DM patients, to reduce the uncertainty in the use of aerobic
exercise as a non-pharmacological intervention, and hopefully to provide more effective
exercise guidance for patients.

2. Materials and Methods

2.1. Literature search

The study was conducted in accordance with the Cochrane Handbook for Systematic Reviews
of Interventions and the PRISMA Statement for Systematic Evaluation[18] . Seven electronic
literature databases were searched: PubMed, Web of Science, Embase, Cochrane Library,
Wanfang Data, CNKI, and VIP. The search was conducted from the time of construction to June
2025. To ensure the comprehensiveness of the search, the search terms were combinations of
subject and free words for interventions, outcome indicators, study subjects, and study design
(Table 1). The search terms were translated into Chinese when searching the Chinese database.
In addition, the reference lists of meta-analysis articles related to the topic of this study were
manually searched.
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Table 1.Meta-analysis search terms

Interventions Participants Outcomes Study
(linked by or) (linked by or) (linked by or) (linked by or)

Exercise;Training;
Physical Exercise; | Diabetes Mellitus, Type

Exercise therapy; 2; .
. . . . Cognition;
Physical activity; Diabetes Mellitus, Type o .
i _ ] Cognitive Function;
Aerobic exercise; IL; . .
) o . Cognitive Dysfunction; )
Aerobic training; Type 2 Diabetes Coenitive Disorder: Randomized
Endurance Mellitus; 0*‘?"?‘ tve 1sF)r en controlled
Training; Type 2 Diabetes; Cognlt%ve Impa-u?ments; trial;
Jogging; Walking; t2dm; t2d; niddm; l\/lllld Clogmtlv.e RCT;random*
Swimming; Tai Chi; Diabetes Mellitus; m'p.alrment.,
Cycling; Yoga; DM; diabetes; diabetic; MCognllt];ve Dfechn.e,
Climbing; Pilates; MODY ental Deterioration

Aquatic activities;
Rowing;Dancing

Interventions, Participants, Outcomes, and study are linked by 'AND'

2.2. Eligibility criteria

Inclusion criteria for selection of the study were as follows:(1) subjects were patients with type
2 diabetes of any age and gender; (2) the intervention was any form of aerobic exercise,aerobic
exercise refers to activities such as running and swimming, in which large muscles are exercised
rhythmically for a sustained period of time[19].; (3) the control group received usual care or
maintained their previous lifestyle unchanged; (4) subjects' cognitive function was assessed
using the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE) ;
(5) the study design was a randomized controlled trial. Conference papers, dissertations,
animal experiments, and articles from non-randomized controlled trials were excluded.

2.3. Literature screening and data extraction

Literature screening and data extraction were carried out independently by two researchers; if
any disagreement arose during the process, the two researchers would discuss and analyze it,
and if no consensus was reached, then a third researcher was consulted. Duplicates were first
removed through Endnote 21 , then literature that was inconsistent with the study topic was
removed by reading the title and abstract, and finally, the full text was read to determine
whether to include literature based on the inclusion criteria of the selected studies. Data were
extracted and cross-checked independently by two researchers, and the data extracted
included basic information about the literature, information about the study participants
(sample size, age, gender), intervention characteristics (form of exercise, frequency of exercise,
duration of the intervention), and data on outcome indicators. For data that had been measured
at different time points, only those at the end of the trial were extracted. For data where
measurements were made using different instruments, only those obtained using the MoCA
were extracted[20] .

2.4. Assessment of study quality and publication bias

Two researchers independently assessed the quality of the included literature using the
Cochrane Collaboration's risk of bias assessment tool 2. The quality of the literature was
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systematically assessed in terms of 5 dimensions: (1) Randomization process; (2) Deviations
from intended interventions; (3) Missing outcome data; (4) Measurement of the outcome; (5)
Selection of the reported result. Publication bias was visually evaluated using funnel plots and
further validated by Egger's test using statal7 . If disagreement arose during the process it was
discussed with a third researcher to reach a consensus.

2.5. Statistical analysis

Meta-analysis of the studies was performed using RevMan 5.4.1 provided by the Cochrane
Collaboration. If P> 0.1 and I < 50% the heterogeneity was relatively small and a fixed-effects
model was chosen. If P < 0.1 and I* = 50% the heterogeneity was relatively large and a random
effects model was chosen. Effect analysis of continuous variables used standardized mean
difference (SMD) as a statistic. The reliability of the results was tested by changing the analysis
model or excluding studies with lower quality and smaller sample sizes. Subgroup analyses
were performed to discuss sources of heterogeneity.

3. Results

3.1. Results of Literature Screening

A total of 3,080 articles were retrieved through a search of electronic databases and a manual
search of references. A total of 1,313 duplicate articles were removed by software, 1,741
articles that were inconsistent with the study topic were removed by reading the titles and
abstracts, and a total of 17 articles were removed by reading the full text based on inclusion
and exclusion criteria. These 17 articles were deleted for the following reasons: (1) not a
randomized controlled trial; (2) the intervention was not purely aerobic exercise; (3) subjects’
cognitive function was not assessed using the MoCA and the MMSE; (4) subjects were not all
type 2 diabetics; (5) dissertation; (6) lack of data and failure to contact with the authors. Finally,
a total of 9 articles were included in this study[21-29] , and the flow chart of literature inclusion
is shown in Figure 1.

Identification of studies via databases and other methods

Records identified from
databases :
Web of Science(n=2197)
Embase(n=54)
PubMed(n=219) Records removed before screening:
Cochrane Library(n=578) a Duplicate records removed
Wanfang(n=24) (n=1313)
CNKI(n=5)
VIP(n=1)

)

Identification

— Records identified from other
methods:
Tracking references(n=2)

- |

Records screened [ 5| Tittle and abstract excluded
(n=1767) (n=1741)
o .
5 Reports sought for retrieval »| Reports not retrieved
E (n=26) (n=0)
o
: |
Reports excluded:
Reports assessed for eligibility Not an RCT(n=1)
(n=26) Interventions do not match(n=2)

Outcomes do not match(n=10)
Ineligible study population(n=1)

Degree Thesis(n=2)
Lack of data(n=1)

[

Studies included in review
(n=9)

(inciuded |

Figure 1.Flowchart of literature screening and inclusion.
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3.2. Characteristics of the included studies

A total of eight studies were included in this study with a total of 841 patients, 410 in the
experimental group and 431 in the control group. All the test groups in the study received
different forms of aerobic exercise. Four studies were conducted in China[21-23,26] , two in
Chile[24,25] , one in Iran[27] , one in India[29] and one in Thailand[28] . Subjects in two study
had normal cognitive function[23,29], and subjects in the rest of the studies had varying
degrees of cognitive dysfunction[21,22,24-28] . The basic characteristics of the included
literature are presented in Table 2.
Table 2.Basic characteristics of the literature

Study Country Sample Age Sex Interventions Comparison = Cognitive
(male, %) outcomes
Test/
Control group
Zhang2017 China 36/38 69.534£8.02/ 47.22%/44.7 Fitness walking, 40-50 Usual care Moca,
69.79+6.74 4% minutes each time, 23 MMSE
times per week for 3
months
Hu2019 China 49/47 65.90+3.70/65.80+ 51.02%/51.0 = Brisk walking or jogging, Usual care Moca
3.60 6% 40-60 minutes each
time,4 times a week for
12 weeks
Wang China 40/42 65.73+3.99/ 47.50%/52.4 Aerobic dance, 60 Maintain Moca,
2023 68.07 + 5.47 0% minutes each time, 3 their usual MMSE
times a week for 12 physical
months activity
Molina- Chile 55/52 72.30+£3.70/ 0% /0% Walking, 60 minutes each Maintain MMSE
Sotomayor2 71+3.30 time, 3 times aweek for 6 their usual
020 months physical
activity
Molina- Chile 38/38 72.60+£3.90/ 0% /0% Walking, 60 minutes each Maintain MMSE
Sotomayor2 72.20+4.30 time, 3 times a week for 4 = their usual
021 months physical
activity
Chen2023 China 107/111 67.56+4.99/ 45.80%/45.9  24-form simplified tai chi =~ Maintained Moca
67.62+5.35 0% chuan, 60 minutes each their
time, 3 times a week for previous
24 weeks lifestyle
M. Iran 16/16 68.35+5.44/ / Functional training, 40- Maintain MMSE
Ghahfarrokhi 67.76+5.49 45 minutes each time, 5 their usual
2024 times a week for 6 weeks physical
activity
PLOYDANG,  Thailand 16/17 68.90+3.70/ 31.25%/41.1 Nordic Walking in Water, Maintained Moca,
T2023 69.20+5.30 8% 60 minutes each time, 3 their MMSE
times a week for 12 previous
weeks lifestyle
Poongothai2 India 53/70 / / Yoga, 35 minutes each Usual care Moca
025 time,once every 2 weeks

for 12 weeks.

3.3. Quality assessment of included studies

The Cochrane Collaboration's risk of bias assessment tool 2 was used to assess the quality of
the included literature. The results are shown in Figure 2.0nly one study showed overall “low
risk” while the remaining studies showed “some concerns” due to risks in different aspects. For
example, regarding the randomization process, two studies did not mention the specific
random allocation method[24,25], and two studies did not provide sufficient information to
indicate that the allocation sequence was concealed[21,29].
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Unique ID  Study ID Weight

¥ Deviations from intended interventions
¥ Measurement of the outcome
#Y Selection of the reported result

Y Missing outcome data

*¥ Randomization process

Zhang2017 1 @ Low risk
Hu2019 1 = Uy = = = @ U Some concerns
Wang2023 @ 7T 9 9 @ @ @ High risk
Wolina-Sotomayor2020 T 9 9 e @

Mol ina-Sotomayor2021 1P 9 9 @

Chen2023 i AR AR BB BB @

M. Ghahfarrokhi2024 @ T T e @

PLOYDANG, 12023 o ARl B B @

Poongothai2025 1 U 5 * * 3 @

Figure 2.Evaluation of the quality of the included literature.

3.4. Meta-analysis
3.4.1. Combined effect size

Nine studies were meta-analyzed[21-29] , a total of 841 participants were included and the
effect of aerobic exercise on cognitive function was assessed by using the MoCA and the results
are shown by Figure 3. Due to the high heterogeneity (1> =76%, P<0.0001), a random effects
model was chosen for the analysis, and the results showed that aerobic exercise had a
significant effect on cognitive function in patients with T2DM [SMD=0.94, 95% CI (0.63, 1.25),
P<0.00001], and the 95% CI was located on the right-hand side of the null line, which indicates
that the result was statistically significant. Due to the high level of heterogeneity, we excluded
literature one by one in an attempt to reduce the heterogeneity. After excluding the studies of
Wang2023[23] and Chen2023[26] , the heterogeneity was reduced (I* =26%, P=0.23), and
there was no significant change in the composite effect size (Figure 4), which showed that
aerobic exercise had a significant effect on cognitive function in patients with T2DM [SMD=1.13,
95% CI (0.95, 1.31), P<0.00001], and the 95% CI lies to the right of the null line, indicating that
this result is statistically significant. Differences in patients' cognitive status and forms of
exercise may have contributed to the heterogeneity, as subjects in the Wang2023[23] study had
normal cognitive function, and both of these studies[23,26] had coaches who led the subjects
through exercise and the forms of exercise were more complex than in the other studies.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Chen2023 23849 31 107 22484 328 111 13.49% 045018 0.72] -
Huz019 2487 1115 49 23.32 118 47 11.9% 1.06[0.64, 1.49] -
M. Ghahfarrokhi2024 2083 247 16 18.63 2.81 16 B.3% 0,81 [0.09, 1.54] -
Molina-Sotomayor2020 2396 0.98 59 225 0498 82 11.9% 1.481[1.05,1.81] -
Malina-Sotomayor2021 241 12 | 229 1.2 3| 11.3% 0.851[0.51,1.47] -
PLOYDANG, T2023 256 18 16 212 28 17 T3% 1.81 [0.99, 2.64]
Poongothai2025 277 24 53 242 34 70 12.4% 1.16[0.77,1.54] -
Wanp2023 2833 1.23 40 27495 171 42 11.8% 0.25[-0.18, 0.69] T
Zhang2017 2114 305 36 18.97 226 3| 11.3% 0.80[0.33,1.28] -
Total (95% C1) 410 431 100.0% 0.94 [0.63, 1.25] -
Heterogeneity: Tau®= 0.16; Chi*= 32.87, df= 8 (P = 0.0001); F= 76% 2 1 : 1 2
Test for overall effect: Z= 6.03 (P = 0.00001) Favours [experimental] Favours [contral]

Figure 3.Effects of aerobic exercise on cognitive function in patients with T2DM.
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Experimental Control Std. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C1
Chen2023 23498 31 107 2254 329 111 0.0% 0.451[0.18,0.72]
Huzo14 2457 115 43 2332 118 47 18.3% 1.06 [0.64,1.49] -
M. Ghahfarrokhi2024 2083 247 16 1863 2.3 16 G.4% 0.81 [0.09,1.54]
Molina-Sotomayor2020 23,96 098 g5 225 0.8 52 18.2% 1.48[1.08,1.91] —_—
Molina-Sotomayor2 021 241 12 38 228 12 38 147% 0.98[0.51,1.47] -
PLOYDAMNG, T2023 256 1.8 16 212 28 17 4.9% 1.81 [0.99, 2.64]
Foongothai202s 2TT 24 A3 242 34 TO 226% 116 [0.77,1.584] —
Wang2023 2833 1.23 40 27485 1.7 42 0.0% 0.25[0.18, 0.69]
Zhang2017 2114 3058 36 18497 226 38 149% 0.80[0.33,1.28] e
Total (95% CI) 263 278 100.0% 1.13 [0.95, 1.31] ’
Heterogeneity: Chi*= 815, df = 6 (P = 0.23); F= 26% f f f

1 1 t t
-2 1 0 1 2

Test for overall effect: Z=12.09 (P = 0.00001) Favours [experimental] Favours [control]

Figure 4.Effects of aerobic exercise on cognitive function in patients with T2DM after culling
the literature.

3.4.2. Analysis based on subgroups of different movement forms

The included studies were divided into two subgroups according to the form of exercise, the
first group with walking as the main form of exercise (5 studies included[21,22,24,25,28] , 386
subjects), and the second group was the non-walking group (4 studies included[23,26,27,29],
455 subjects). Due to low heterogeneity, the walking based group were analyzed using a fixed-
effects model, and compared with the non-walking group [SMD = 0.65, 95% CI (0.24, 1.07), P
=0.002], walking based group had a more significant effect on the improvement of cognitive
function [SMD = 1.15,95% CI (0.93, 1.37), P < 0.00001]. (Table 3)

Table 3.Summary of subgroup meta-analyses

Subgroup No. of Mata analysis 12 P
studies
SMD  95%CI P
sports walking-based 5 1.15 0.93, <0.00001 46% 0.12
format 1.37
non-walking 4 0.65 0.24, 0.002 75% 0.008
1.07
frequency <3 times per 6 0.97 0.53, <0.0001 84% <0.00001
week 1.41
>3 times per 3 0.93 0.63, <0.00001 0% 0.69
week 1.22
duration <four months 6 1.05 0.85, <0.00001 1% 0.41
1.26
>four months 3 0.72 0.04, 0.04 90% <0.0001
1.40

3.4.3. Subgroup analysis based on different exercise frequencies

The included studies were divided into two subgroups according to the frequency of exercise;
the first group exercised three times per week or less (6 studies[23-26,28,29] , 639 subjects
were included) and the second group exercised more than three times per week (3
studies[21,22,27] , 202 subjects were included). Heterogeneity was lower in the group
exercising more than three times per week (I =0%, P=0.69), and the results were not
significantly affected when analyzed using a fixed-effects model [SMD=0.93,95% CI (0.63, 1.22),
P<< 0.00001]. Heterogeneity was higher in the group exercising three times a week or less (I
=84%, P<0.00001), and the results were not significantly affected when analyzed using a
random-effects model [SMD=0.97, 95% CI (0.53, 1.41), P<0.0001], differences in the areas in
which the studies were conducted and large differences in the timing of the interventions(the
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shortest being 12 weeks and the longest 12 months) may have contributed to the heterogeneity.
(Table 3)

3.4.4. Subgroup analysis based on different intervention times

The included studies were categorized into two subgroups according to the duration of the
intervention; the first group had an intervention duration of four months or less (6 studies were
included[21,22,25,27-29] , 434 subjects), and the second group had an intervention duration
of more than four months (3 studies were included[23,24,26] , 407 subjects). The first group
had low heterogeneity (I =1%, P=0.41) and was analyzed using a fixed effects model, which
showed that aerobic exercise had a significant effect on cognitive function in patients with
T2DM[SMD=1.05, 95% CI (0.85, 1.26), P < 0.00001]. The second group had higher

heterogeneity (I =90%, P < 0.0001) and the results were analyzed using a random effects
model, which was not significantly affected, and the effect produced by aerobic exercise
remained significant [SMD=0.72, 95% CI (0.04, 1.4), P=0.04], and the higher heterogeneity may
be because in the study of Molina-Sotomayor2020[24] subjects were all female and the form of
exercise was simpler than the other two studies. (Table 3)

3.5. Sensitivity analysis and publication bias

No significant changes in the amount of combined effects were observed in the analyses
conducted after using the fixed-effects model or excluding studies with lower-quality literature
and smaller sample sizes, so the results of this study were relatively stable. No significant
asymmetry was observed in the funnel plot (Figure 5), suggesting that there was no significant
publication bias, a result that was further affirmed by Egger's test (P=0.1357) (Supplementary
file 1).

- SE(SMD)

SMD

+ + + t t
-2 -1 0 1 2

Figure 5.Funnel plot of the effects of aerobic exercise on cognitive function in patients with
T2DM.

4. Discussion

T2DM adversely affects the cognitive profile, affects patients' adherence to treatment, and may
lead to other complications, jeopardizing their health[10] . A total of nine studies were included
in this study, aiming to analyze the effect of aerobic exercise on cognitive function in patients
with T2DM, and the results showed that aerobic exercise had a significant effect on cognitive
function in patients with T2ZDM[SMD=0.94, 95% CI (0.63, 1.25), P<0.00001]. The improvement
effect of aerobic exercise with walking as the main form of exercise was better.

4.1. Effect of aerobic exercise on cognitive function in T2DM patients

Our findings show that aerobic exercise improves cognitive function in people with type 2
diabetes, consistent with previous research. A cross-sectional study conducted in Australia
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found that people who engaged in regular aerobic training had better cognitive function than
those who were sedentary[30] . Recent studies have found that aerobic exercise increases
hippocampal volume and protects cognitive function in people with type 2 diabetes[23],and a
meta-analysis by Ding et al. found that aerobic exercise improved cognitive function in people
with type 2 diabetes[17] , which is consistent with the results of this study. Cognition tends to
evolve unfavorably in diabetic patients compared to normoglycemic subjects[31] , and our
results suggest that aerobic exercise could be an intervention to improve cognitive function in
type 2 diabetic patients.

The mechanisms by which aerobic exercise improves cognitive function in patients with T2DM
may be as follows: (1) Improvement of cognitive function in patients with T2DM through the
effects on the hippocampus, in addition to increasing the volume of the hippocampus[23], some
studies have found that exercise enhances the level of presynaptic and postsynaptic proteins in
the hippocampus[32] ; (2) Increase of neurotrophic factors is also a possible mechanism,
aerobic exercise not only can regulate the SIRT1 pathway, decreasing the level of pro-
inflammatory factors and increasing the expression of anti-inflammatory factors to reduce the
inflammatory response[33], but also reduces glutamate in the brain to increase the expression
of BDNF, which has an important role in cognitive function[34] . (3) As a new mediator of the
effects of exercise on cognitive function, FNDC5/irisin also stimulates BDNF expression[35] .
New research has also found that increased levels of irisin have a beneficial effect on the
hippocampus and neuroinflammation, which attenuates cognitive decline[36] , which is also a
possible mechanism by which aerobic exercise improves cognitive function in patients with
type 2 diabetes.

4.2. Effects of different forms of aerobic exercise on cognitive function in
patients with T2DM

Most of the randomized controlled trials included in this study used walking as the main form
of exercise, such as walking and jogging, while other forms of exercise in this study were
relatively more complex, with aerobic dance, tai chi, and functional training[37] . The results of
the study suggest that although different forms of exercise can improve cognitive function in
patients with T2DM, walking as the main form of exercise has a better improvement effect. A
study comparing tai chi with brisk walking was inconsistent with our results, finding that tai
chi requires learning and memorizing new movements and has a higher cognitive demand
when practiced compared to brisk walking, resulting in a greater beneficial effect on cognitive
function[38] . Possible reasons for the inconsistent results are that the intervention duration
was relatively longer in the non-walking group in our study, the higher cognitive demands may
have led to lower compliance, making the exercise fail to achieve the desired effect, and the new
study found that the longer tai chi intervention may not provide greater benefits over time[39].
Interestingly, there are also differences in the effects produced by different non-walking
exercises, with one study finding that dance was effective in promoting overall cognition while
tai chi was not[40] .

4.3. Effects of aerobic exercise with different exercise frequencies and
intervention times on cognitive function in T2DM patients

In the literature included in this study, the exercise dosage parameter for the five randomized
controlled trials was 60 minutes of exercise three times per week. The results of the subgroup
analysis showed that the effect of aerobic exercise on improving cognitive function in patients
with T2DM was not significantly affected by the frequency and duration of exercise. This is
consistent with the results of a previous meta-analysis[41] . However, some studies have found
that for older adults with cognitive impairment, implementing a short duration and frequency
exercise program led to better cognitive outcomes[42] , and others have found that only the
frequency of exercise affects the effectiveness of the intervention[43] . Differences in inclusion
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criteria may have contributed to the differences in the results, in our study, type 2 diabetic
patients with varying degrees of cognitive impairment but without dementia were included,
while the study conducted by Sanders et al.[42] included patients with dementia, in addition,
the types of exercise included in the two studies were different, our study solely included
aerobic exercise, while the study conducted by Sanders et al. [42] included multicomponent
exercise and resistance training in addition to aerobic exercise. Due to the paucity of RCT
evidence for the systematic manipulation of exercise parameters, the current data do not
provide a clear picture of whether training parameters affect exercise-induced neurobiological
and cognitive changes[44] , and more high-quality studies on this issue are needed for better
exercise programming in the future.

4.4. Limitations

Although our results suggest that aerobic exercise can improve cognitive function in patients
with T2DM, there are some limitations in this study:(1) in our study, we included only
randomized controlled trials, however, the number of literature included in the study was small
and of average quality; (2) most of the patients included in this study were cognitively impaired,
and there was only two randomized controlled trial in which subjects had normal cognition,
which would have had an impact on the results applicability; (3) most of the intervention
durations in the included literature were six months or less, and only one trial had an
intervention duration greater than six months, limiting our analysis of the effects of prolonged
exercise interventions.

5. Summary

Our results suggest that aerobic exercise, regardless of frequency and duration, can improve
cognitive function in T2DM patients, and walking as the main form of exercise may be more
effective. However, due to the small number and heterogeneity of included studies, this result
should be treated with caution, and more large-sample, high-quality randomized controlled
trials are needed in the future to investigate the effects of aerobic exercise of different exercise
forms, frequencies, and durations on cognitive function in patients with type 2 diabetes.
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