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INTRODUCTION
Diabetes is a common chronic disease of metabolic 

disorders. The incidence of diabetes mellitus is increasing 
year by year and is becoming more prevalent with rapid 
global economic development, changing lifestyles, and aging 
problems. Diabetes is now the most prevalent disease in the 
world. Recently, the widespread health concern for the mass 
population is diabetes worldwide. It has become the 6th most 
deadly disease in the world disease in the world.1 The 
development of complications ultimately leads to death. The 
majority of deaths are allocated to cardiovascular disease 

(approximately 70%), with ischaemic heart disease accounting 
for 50% of these deaths. The cost of type 2 diabetes in 2007 
was $172 billion in the USA without including the cost of 
complications.2 This does not include the indirect costs of 
complications. Among the world’s population, diabetes 
accounts for more than 9% of them. China has a huge 
diabetes population, with type 2 diabetes accounting for 
more than 90% of the total number of adults with the disease. 
This is why interventions such as exercise, diet, and 
medication for people with T2DM, especially the middle-
aged and aged, are urgently needed.3

Diabetes mellitus is comprised of a set of clinical 
syndromes featured by hyperglycemia, which is inferred by 
various factors, including genetic factors and environmental 
factors. The major type of diabetes is type 2 diabetes, which 
is characterized by insulin deficiency and insulin resistance. 
It was revealed that diabetes is a crucial complicated factor 
for impairing cognitive dysfunctions such as mild cognitive 
impairment (MCI) and dementia, which can significantly 
increase the complications of cognitive impairment,4 and 

ABSTRACT
Background • Diabetes, a chronic disease metabolic 
disorder, commonly affects people.  It is well-documented 
that aerobic exercise significantly reduces blood glucose in 
diabetic conditions.  This study aimed to demonstrate the 
role of  aerobic exercise on T2DM patients and cognitive 
impairment.
Methods • We selected studies that published random 
controlled trials (RCTs) on the effects of aerobic exercise 
on cognitive function in patients with T2DM. However, 
the animal trials were we excluded in this study.  We 
retrieved the data of random controlled trials from 8 
databases based on the influences of aerobic exercise on 
cognitive function in patients with type 2 diabetes mellitus 
(T2DM). We utilized RevMan 5.3 software to analyze the 
data after evaluating the literature. 
Results • We selected 685 studies based on the information 
in the abstract and title after deleting the duplicate 
references. Then, we investigated the full text of 15. After  

full-text evaluation,we selected 10 random controlled trials 
to perform this comprehensive meta-analysis. We found 
that 10 studies derived the information of cognitive function 
between the test and the control groups and the cognitive 
function is significantly higher in the experimental group 
(SMD: 1.88; 95% Cl: 0.91,2.84; P < .01) than the control 
group. Moreover, the experimental group showed 
significantly higher minimum mental state examination 
(MMSE) (SMD: 2.06; 95% Cl: 0.96,3.14; P < .01) and 
Montreal Cognitive Assessment (MoCA) (SMD:1.62; 95% 
Cl: 0.54, 2.69; P < .01) than the normal group.
Conclusion • Our findings demonstrated that aerobic 
exercise is crucially potent in T2DM patients and cognitive 
impairment, as evidenced by total cognitive function, 
MMSE, and MoCA. The above results should be warranted 
to verify with sophisticated clinical trials. In the future, 
aerobic exercise is suggested to guide patients’srecovery. 
(Altern Ther Health Med. [E-pub ahead of print.])
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At present, various pieces of research on exercise for 
diabetics, mainly on how intense, how long, what kind of 
exercise, and how often it is appropriate. It is well-documented 
that aerobic exercise significantly reduces blood glucose in 
diabetic conditions. Furthermore, the middle-aged and 
elderly are a special group with poorer physical function and 
weaker resistance and are unable to perform heavy exercise 
training, which needs to be done slowly and in conjunction 
with dietary and pharmacological interventions to delay and 
improve the progression of diabetes. However, how to 
maintain the effects of exercise is still a focus that needs 
further study. 

This study aimed to demonstrate the role of aerobic 
exercise on T2DM patients and cognitive impairment. 

MATERIALS AND METHODS
Selection of Studies

We selected studies that published random controlled 
trials (RCTs) on the effects of aerobic exercise on cognitive 
function in patients with T2DM. We collected the information 
from the beginning of the library until July 2022. However, 
we excluded the animal trials in this study.

Participants of this study
Cognitive impairment in patients with T2DM; Patients 

aged 18-60 years; Symptoms include Polydipsia, frequent 
urination, and unexplained weight loss.

Types of Interventions
The intervention group received aerobic exercise or 

aerobic exercise combined with other therapy to treat T2DM 
patients and cognitive impairment, and the normal/control 
group received control or control combined with other therapy.

Types of Outcome Measures 
Our outcome indicators are T2DM patients with cognitive 

impairment. Based on research, the assessment tools for 
aerobic exercise on cognitive function in patients T2DM 
patients are (1) Mini-Mental State Examination (MMSE) and 
(2) Montreal Cognitive Assessment (MoCA).15 MMSE is a 
simple mental State Examination scale, the full English name 
is Mini-mental State examination. It is a commonly used 
neuropsychological examination tool in clinical practice, 
which is of great significance for the diagnosis and differential 
diagnosis of cognitive function decline and dementia, and can 
reflect the mental state and cognitive function decline of the 
test subjects more comprehensively and quickly. The Montreal 
Cognitive Assessment Scale (MoCA) was developed by 
Professor Nasreddine in 2004. An assessment tool for rapid 
screening for Mild Cognitive Impairment (MCI) in the areas 
of attention and concentration, executive function, memory, 
language, visual-structural skills, abstract thinking, and 
computation and orientation on a scale of 30 points. The test 
results showed that the normal value was ≥26 points. We 
evaluated outcome measures of selected literature using at least 
one of the above scales.  

cognitive impairment in patients with diabetes is Cognitive 
impairment is often overlooked in the management of 
diabetes.5 Mild cognitive impairment (MCI) is an intermediate 
condition between normal aging and dementia and is a type 
of cognitive impairment syndrome. The diabetic and 
hypoglycemic patients will be increased to 642 million and 
481 million by 2040, respectively, and the prevalence of 
diabetes and hypoglycemia will reach 10.4% and 7.8%.6 In 
the same year, the number of dementia patients will be 
increased to 46.8 million worldwide, of which 9.5 million will 
be increased in China. It is expected that dementia patients 
will nearly double every 20 years, rising to 131.5 million by 
2050. The development of diabetes with dementia affects 
social development, as diabetes accelerates the progression of 
MCI to dementia.7 The development of diabetes and dementia 
will have a significant impact on social development.

It was revealed that the expansion of cognitive impairment 
in type 2 diabetes is associated with a variety of factors: age, 
education, gender, exercise, interaction with others, tea 
consumption, sleep disturbances and glycemic variability.8 Also,  
glycated hemoglobin levels, duration of diabetes, serum Ghrelin, 
Visfatin, Insulin Resistance Index (HOMA-IR), Brain-Derived 
Neurotrophic Factor (BDNF), and the presence of retinopathy 
with diabetes were also related to type 2 diabetes. The following 
are major causes of diabetes mellitus (DM): the duration of 
diabetes mellitus, serum Ghrelin, Visfatin, Insulin Resistance 
Index (HOMA-IR), Brain-Derived Neurotrophic Factor 
(BDNF), diabetic retinopathy, diabetic nephropathy, combined 
hypertension, stroke, family history of DM and hypertension, 
previous history of dementia in a family member and APOEε4 
genotype.9-11 Sabayan12 suggests that lifestyle improvements can 
be made by increasing exercise, eating a healthy diet, getting 
enough sleep, and quitting smoking. The Lancet report 2017 
Dementia Prevention Resolution Report13 published states that 
active children’s education, exercise, maintaining social 
engagement, reducing smoking, hearing loss, depression, and 
managing risk factors such as diabetes and obesity may delay or 
prevent one-third of people with dementia.

Decreased memory capacity is a major feature of cognitive 
impairment in diabetic patients14 and can be accompanied by 
impairment in various cognitive domains, such as executive, 
visuospatial, naming, attentional, and abstraction skills. The 
usual screening scale for cognitive impairment is the Mini-
mental State Examination (MMSE), developed by Folstein in 
1975, and covers orientation, memory, attention, numeracy, 
language, and visuospatial capabilities. However, it is of limited 
use in identifying normal elderly people with MCI and MCI 
with dementia. The Montreal Cognitive Assessment (MoCA) 
was developed by Professor Nasreddin in 2004, based on the 
Reference and Brief Mental State Inventory, to screen for mild 
cognitive impairment quickly. It covers eight cognitive 
domains. The 2018 edition of the Dementia and Cognitive 
Disorders Guidelines15 again recommends that the Brief 
Mental State Inventory can be used in conjunction with other 
tests or the Montreal Cognitive Assessment Scale to augment 
the diagnostic capacity of MCI. 
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in the abstract and title after deleting the duplicate references. 
Then, we investigated the full text of 15. We removed 5 
records after full-text evaluation for the following causes: 
mismatch of provided data (n=2) and missing data (n=3). 
Ultimately, we selected 10 references16-25 for this meta-analysis 
(Table 1). We presented the flow chart of the PRISMA 
statement of this study in Figure 1.

Total cognitive function
All of the 10 studies provided the total cognitive function 

of the comparing groups. We found the significantly higher 
cognitive function of the experimental group (SMD: 1.88; 
95% Cl: 0.91, 2.84; P < .01, Figure 2) when compared with the 
normal group. We performed the analysis of the Funnel chart 
for the total cognitive function (Figure 3). Since we found the 
level of heterogeneity is high, we investigated the sensitivity 
analysis (Figure 4). In the experimental group, aerobic 
exercise improves the total cognitive function in patients 
with T2DM and cognitive impairment. 

Search Strategy 
The computer retrieves information from the 

databases, including Cochrane Library, PubMed, 
EMbase, Web of Science, CNKI, China Biomedical 
Literature Database (CBM), VIP, and WanFang. The 
search term is “type 2 diabetes mellitus”, “cognitive 
function,” and “exercise”. We collected the information 
from the beginning of the library until July 2022. We 
followed the following criteria for searching literature: 
(1) we searched the associated studies by using Chinese 
and English databases by reading the title of the study, 
abstract of the study, and Keywords; (2) We used 
“MeSH Terms” in English databases for identifying the 

Table 1. The basic characteristics of the included studies.

Study (ref.)
Sample 
Size (T/C)

Man/
Woman

Age (years)(Mean±SD)
(T/C) T C

Main 
Outcomes

Molina, 202116 38/38 0/76 72.6±3.9/72.2±4.3 Aerobic Exercise Control MMSE
Matveeva, 201917 30/30 21/39 58.7±11.5/56.0±11.0 Aerobic Exercise Control MoCA
Yamamoto, 202018 18/17 19/16 73.2±2.6 / 73.3±2.5 Aerobic Exercise Control MMSE
Liang, 201719 50/50 52/48 62±5. 223/65±6. 112 Aerobic Exercise Control MMSE
Zhang, 201920 29/21 22/28 70.82±6.03/77.25±6.90 Aerobic Exercise Control MMSE, MoCA
Zhang, 201721 36/38 34/40 69.53±8.02/69.79±6.74 Aerobic Exercise Control MoCA
Liu, 202022 128/128 138/118 76.8±4.2/77.2±4.0 Aerobic Exercise Control MMSE, MoCA
Wang, 201523 43/46 None None Aerobic Exercise Control MMSE, MoCA
Yan, 202024 40/42 41/41 65.73±3.99/ 68.07±5.47 Aerobic Exercise Control MMSE, MoCA
Rao, 201825 100/100 112/88 58.01±3.57/ 57.88±3.76 Aerobic Exercise Control MMSE

Abbreviations: T, trial group; C, control group. MMSE:Mini-mental State 
Examination; MoCA, Montreal Cognitive Assessment. 

subject terms, the combination of subject words, and 
keywords.

Extraction and Assessment of data quality
We screened the literature by reading the abstract and 

selected the studies by reading the full text after the preliminary 
screening of the abstract. Two researchers of this study 
independently finalized the selection procedure. If any dispute 
happened between the two researchers, our third researcher 
read the studies until the results were agreed upon. Our 
extracted information included basic findings of the study, 
study types, the object of the research, size of the sample, the 
content of the intervention, measures of outcome, etc. 

Computational investigation
We performed the analysis of this study by utilizing 

Review Manager (RevMan) software. If the scores are 
different between the groups, we identified the standardized 
mean difference (standardized mean difference, SMD) and 
95% letters to the zone (confidence interval, CI) as an 
indicator of effect. We utilized Chi-square tests to determine 
whether there is heterogeneity between studies. If P > .1 and 
I2 < 50%, our study is considered to be more homogeneous, 
and we employed a fixed-effects model for this computational 
analysis. If P < .1 and I2 ≥ 50%, our study is considered to be 
heterogeneous and we analyzed heterogeneous sources. If 
there is no clinical heterogeneity, we employed a random-
effects model to investigate this computational study. 
Furthermore, we evaluated the possible differences in 
qualitative factors among the subgroups.

Statistical analysis
Continuous normally distributed data are expressed as 

the means ± SDs. All statistical data were carried out with 
SPSS statistical software. For multiple comparisons, data 
were analyzed via analysis of variance (ANOVA) with the 
Tukey-Kramer Multiple Comparisons Test. P < .05 were 
considered significant differences.

RESULTS 
Results of searching

According to the selection criteria, we selected 1171 
references. We selected 685 studies based on the information 

Figure 1. Flow Chart.
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heterogeneity is high, we investigated the sensitivity analysis 
(Figure 7). Aerobic exercise improves the MMSE in patients 
with T2DM and cognitive impairment in the experimental 
group. Although the funnel chart shows a relatively 
asymmetrical distribution of studies, we found that Begg’s 
result is 0.902 and Egger’s result is 0.947.

Analysis of MMSE
8 studies reported the MMSE information for analyzing 

and comparing between the groups. We found aerobic 
exercise significantly improved total cognitive function 
(SMD: 2.06; 95% Cl: 0.96, 3.14; P < .01, Figure 5) when 
compared with the normal cases. We investigated the Funnel 
chart of the MMSE (Figure 6). Since we found the level of 

Figure 2. Forest illustration of total cognitive function.

Figure 3. Funnel plot of the length of total cognitive function.

Figure 4. Sensitivity analysis of total cognitive function.

Figure 5. Forest illustration of the duration of MMSE.

Figure 6. Funnel plot of the duration of MMSE.

Figure 7. Sensitivity analysis of the duration of MMSE.
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(VCI) is a clinical syndrome of stroke or subclinical vascular 
injury caused by cerebrovascular disease and its risk factors, 
involving impairment of at least one cognitive domain. 
Hyperglycemia in diabetes can increase the activity of aldose 
reductase and activate the sorbitol pathway, causing 
intracellular hyperosmosis and edema, damaging the 
structure and function of neuronal cells, and promoting the 
occurrence of cognitive dysfunction. Various researchers 
demonstrated that diabetic complications are independent 
risk factors for impairing cognitive function.26,27 Nonetheless, 
cognitive dysfunction in diabetes cannot be considered as a 
whole. The cognitive dysfunction associated with diabetes 
varies between types of diabetes.28 Specifically, type 1 diabetes 
causes little pathological change in cognitive function 
compared to its peers29 and does not lead to substantial 
cognitive decline over time in the absence of complications.30,31 
It has been reported that 60% to 70% of T2DM cases are 
diagnosed with impairment in one or more cognitive 
domains.32 Based on the fact that T2DM comprises 90% to 
95% of all diabetic populations, pathological cognitive 
dysfunction arising from type 2 diabetes should receive more 
attention. There are three stages of cognitive impairment 
depending on the severity of the impairment in T2DM 
patients: diabetic hypercognition, MCI, and dementia. The 

Analysis of MoCA
6 references provided the data of MoCA for analyzing 

and comparing between the groups. The results showed a 
significantly higher MoCA in the experimental group in 
comparison with the control group (SMD:1.62; 95% Cl: 
0.54,2.69; P < .01, Figure 8). There are several commonly 
used methods for publication bias testing of meta-analysis: 
funnel plot, Egger test, Begg test (not recommended), etc.We 
investigated the Funnel chart of the MoCA (Figure 9)and the 
sensitivity analysis (Figure 10), and found that aerobic 
exercise improves the MoCA in patients with T2DM and 
cognitive impairment. Although the funnel chart shows a 
relatively asymmetrical distribution of studies, we found that 
Begg’s result is 0.304 and Egger’s result is 0.942. However, 
funnel plot asymmetry might suggest publication bias.

DISCUSSION
The impact of diabetes on cognitive function

The cognitive function consists of multiple cognitive 
domains, covering learning, memory, executive, 
comprehension, and computation. Cognitive impairment is 
associated with the impairment in single or multiple cognitive 
domains and is clinically classified as mild, moderate, or 
severe impairment in cognitive functions and dementia. MCI 
is related to the impairment in single or multiple cognitive 
domains and is a fluctuating phase between normal aging 
and dementia; Vascular cognitive impairment (VCI) refers to 
a syndrome between MCI and dementia, which is mainly 
caused by cerebrovascular risk factors, overt or invisible 
cerebrovascular disease. Unlike MCI, dementia, and VCI, 
there is no clear definition of cognitive dysfunction in 
diabetes, but as research progresses, cognitive dysfunction in 
diabetes is now divided into two categories by classifying the 
different causes of its onset; one is cognitive dysfunction 
caused by cerebrovascular disease complicated by diabetes, 
which is classified as VCI, and the other has no obvious 
clinical manifestations of cerebrovascular disease, and the 
mechanisms of cognitive impairment are diverse, similar to 
Alzheimer’s disease (AD). Vascular cognitive impairment 

Figure 8. Forest illustration of the duration of c.

Figure 10. Sensitivity analysis of the duration of MoCA.

Figure 9. Funnel plot of the duration of MoCA.
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patients, improve the ability of skeletal muscle cells to take up 
and utilize glucose, improve lipid metabolism, increase the 
decomposition of lipid mobilization in skeletal muscle, and 
reduce lipid accumulation in skeletal muscle. Moreover, 
long-term exercise can induce mitochondrial adaptation of 
skeletal muscle cells, thereby repairing the damage caused by 
diabetes to muscle mitochondria.

The findings of our results
Based on the selection criteria, we have selected 10 

studies that included 512 cases in the experimental group 
and 510 normal populations. In the experimental group, we 
found higher total cognitive function, MMSE, and MoCA 
after comparing with the controls. We found the significantly 
higher cognitive function (SMD: 1.88; 95% Cl: 0.91, 2.84; P < 
.01, Figure 2), MMSE (SMD:2.06; 95% Cl: 0.96,3.14; P < .01), 
and MoCA (SMD:1.62; 95% Cl: 0.54,2.69; P < .01) in the 
experimental group when compared with the normal group.

The novelty of this study was to show that aerobic 
exercise is crucially potent in T2DM patients and cognitive 
impairment. In the future, aerobic exercise is suggested to 
guide patients’s recovery. There are some drawbacks to our 
study: we selected references that are based on only Chinese 
and English. Therefore, we assumed that incomplete research 
inclusion and biases were present in our selection procedure 
of references. The findings in this study warranted more 
sophisticated validation research through clinical trials 
before applying it in the practical field.

CONCLUSION
The results demonstrated that aerobic exercise is 

substantially effective in patients with T2DM and cognitive 
impairment, as evidenced by total cognitive function, MMSE, 
and MoCA and our findings warranted the validation 
through more sophisticated research.  
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