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Abstract

Background:With the decline of cognitive function in vascular cognitive impairment,

the burden on the family and society will increase. Therefore, early identification of

vascular mild cognitive impairment (VaMCI) is crucial. The focus of early identification

of VaMCI is on the attention of risk factors. Therefore, this study aimed to investigate

the relationship between diabetes and VaMCI among the Chinese, hoping to predict

the risk of VaMCI by diabetes and to move the identification of vascular cognitive

impairment forward.

Methods: We collected data from seven clinical centers and nine communities in

China. All participants were over 50 years of age and had cognitive complaints. We

collected basic information of the participants, and cognitive function was profession-

ally assessed by the Montreal Cognitive Assessment scale. Finally, logistic regression

analysis was used to analyze the correlation between each factor and VaMCI.

Results: A total of 2020 participants were included, including 1140 participants with

VaMCI and 880 participants with normal cognition. In univariate logistic regression

analysis, age, heavy smoking, and diabetes had a positive correlation with VaMCI. At

the same time, being married, high education, and light smoking had a negative cor-

relation with VaMCI. After correction, only diabetes (OR = 1.04, 95% CI: 1.01–1.09,

p = 0.05) had a positive correlation with VaMCI, and high education (OR = 0.60, 95%

CI:.45–.81, p= 0.001) had a negative correlation with VaMCI.

Conclusion: In our study,we found that diabeteshadapositive correlationwithVaMCI,

and high education had a negative correlation with VaMCI. Therefore, early identifi-

cation and timely intervention of diabetes may reduce the risk of VaMCI and achieve

early prevention of VaMCI.
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1 INTRODUCTION

Vascular cognitive impairment (VCI) is a clinical syndrome in which

at least one cognitive domain is impaired by cerebrovascular disease

and its risk factors. VCI covers two different stages of vascular mild

cognitive impairment (VaMCI) and vascular dementia (VaD) and also

includes cognitive impairment due tomixedpathologies such as comor-

bid Alzheimer’s disease (Skrobot et al., 2018). As the gradual decline of

cognitive function and the gradual loss of patients’ ability to care for

themselves, VaMCI will progress to VaD. A 2-year follow-up study of

VaMCI in Canada found that 40% of patients with VaMCI progressed

to dementia, 52% remained in VaMCI (Hsiung et al., 2006). It meant

that nearly half of the patients with VaMCI had a continuous decline in

their cognitive function. Due to the gradual decline of cognitive func-

tion, patients with VaD will not be able to live independently, which

will bring heavy caregiving and financial burdens to their families and

society. Therefore, the identification and intervention of VaMCI is cru-

cial. The early identification of VaMCI focuses on the attention and

control of risk factors. In addition to a history of stroke such as cere-

bral infarction and cerebral hemorrhage, vascular risk factors, such

as diabetes, hypertension, and hyperlipidemia, are important factors

in the prevention and identification of VaMCI. It was well recognized

that cerebrovascular lesions led to cognitive decline (Iadecola et al.,

2019; Kalaria, 2017; Wolters & Ikram, 2019). Previous studies inves-

tigating diabetes and VaD correlation were also consistent with the

results. Studies analyzing data from databases in the United States,

Denmark, Switzerland, and the United Kingdom all found a positive

correlation between diabetes and VaD (Celis-Morales et al., 2022;

Litkowski et al., 2023; Thomassen et al., 2020;Wang et al., 2023). How-

ever, the studyaimed theassociationbetweendiabetes andVaMCIwas

few. Therefore, this study aimed to investigate the associationbetween

diabetes and VaMCI among the Chinese people, hoping to predict the

risk of VaMCI by diabetes and to move the identification of VCI for-

ward. This study mainly aimed at middle-aged and elderly people in

China, conducted a cross-sectional survey with a large sample, and

analyzed the correlation between diabetes and diabetes duration and

VaMCI.

2 MATERIALS AND METHODS

2.1 General data

The data were part of the Special Research Project for Traditional Chi-

nese Medicine 2008, which aimed to identify risk factors for cognitive

impairment in the elderly and to develop tools for rapid screen-

ing of cognitive impairment. The cluster sampling method was used.

The project selected relatively stable and representative permanent

residents aged 50 and above from seven centers and nine communi-

ties in the northern region as screening objects. The seven centers

are all Grade 3A Hospital, including Dongfang Hospital of Beijing

University of Chinese Medicine, Peking University People’s Hospital,

Wangjing Hospital of China Academy of Chinese Medicine Sciences,

Second Teaching Hospital of Tianjin University of Traditional Chinese

Medicine, The Affiliated Hospital of Shandong University of Tradi-

tional Chinese Medicine, The First Affiliated Hospital of Changchun

UniversityofChineseMedicine, andTraditionalChineseMedicineHos-

pital of Hebei Medical University. The project was approved by the

Medical Research Ethics Committee of Dongfang Hospital of Beijing

University of Chinese Medicine. All subjects were from neurological

outpatients, wards, and surrounding communities aged over 50 years

in the above hospitals from June 2008 to April 2012. All participants

signed the informed written consent. We developed a standardized

observation form, and all observers passed a training and consistency

test in neuropsychological scale assessment.Observerswere responsi-

ble for one-on-one, face-to-face questioning and assessment based on

the observation form. All the above, all the medical history and neu-

ropsychological data were complete, and a total of 2020 objects were

suitable for this study.

3 METHODS

3.1 Inclusion and exclusion criteria

Inclusion criteria: (1) aged ≥50 years; (2) residence in the study area

for more than 1 year; (3) existing cognitive complaint by the patient

himself/herself or family representative; (4) existing vascular fac-

tors, such as cerebral hemorrhage, cerebral infarction, leukoaraiosis,

hypertension, diabetes, hyperlipidemia, and coronary artery disease.

Exclusion criteria: (1) diagnosed with dementia previously; (2)

unconscious or with mental disorders or severe somatic diseases

affecting neuropsychological assessment; (3) unable or unwilling to

attend the site visit due to other reasons.

3.2 The definition of VaMCI

According to the 2019 Chinese Guideline for the Diagnosis and Treat-

ment of VCI (Zhang & Jia, 2019), the definition of VaMCI: (1) existing

chief complaint of cognitive decline by himself/herself or family rep-

resentative, and existing evidence of cognitive decline by cognitive

function assessment; (2) existing history of stroke such as cerebral

hemorrhage, cerebral infarction, or vascular risk factors, such as

leukoaraiosis, hypertension, diabetes, hyperlipidemia, and coronary

heart disease; (3) the Montreal Cognitive Assessment (MoCA) scale

scored <26, Clinical Dementia Rating scored 0 or 0.5, and Activity

of Daily Living scale (ADL) scored ≤26; (4) clarification of the pre-

dominance of vascular factors in cognitive impairment; (5) excluding

cognitive impairment caused by other nonvascular factors.

3.3 Cognitive function assessment

Cognitive function was assessed with MoCA (Beijing version). The

assessment took 10–15 mins. The abilities of visual space, executive
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and naming, memory, attention, language, abstraction, and orienta-

tion were assessed. If the duration of education was less than 12

years, 1 point was added. The total score was 30 points. The MoCA

score <26 was considered cognitive impairment (Gao et al., 2014).

Through this assessment, participants were divided into VaMCI group

and normal cognition (NC) group. Participants would also evaluate the

Mini–Mental State Examination (MMSE) scale. In addition, ADL had

20 items, and each item scored 1–4 points. The lower the score, the

stronger the ability of daily living. If the score of ADL>26, itmeant that

the assessed had some difficulties in living independently.

3.4 Other data collection

We also collected basic information, such as date of birth and sex.

The marital status of the patients was mainly divided into married,

divorced/widowed. The smoking status was divided into never smok-

ing, light smoking (cumulative smoking <3600 packages), and heavy

smoking (cumulative smoking ≥3600 packages). The drinking status

was divided into no drinking, light drinking (<75 g alcohol/week),

and heavy drinking (≥75 g alcohol/week). The level of education was

divided into three categories: less than 6 years, 6–12 years, and more

than 12 years. The exercise status was divided into less exercise

(<210 min/week), general exercise (210–420 min/week), and regular

exercise (>420min/week).

3.5 Statistical methods

Themeasurement datawere presented asmeans± standard deviation,

and the enumeration data were presented as frequency and percent-

age. T-test was used to compare the measurement data such as age

and the duration of diabetes between the two groups, and chi-square

test was used to compare the enumeration data, such as sex, education

level, and medical history. If p < 0.05, the data of the two groups were

considered to have statistical differences. Univariate logistic regres-

sion analysis was used to analyze the correlation between risk factors

(including age, sex, education level, etc.) and VaMCI. According to the

results of univariate logistic regression analysis, variableswith p<0.05

were selected for correction. Multivariate logistic regression analysis

was used to analyze the correlation among diabetes, risk factors, and

VaMCI, and the OR, 95% confidence interval, and p value were cal-

culated. The above analysis was performed using SPSS 25.0 statistical

software.

4 RESULTS

A total of 2020 participants were included in the analysis, including

1140 with VaMCI and 880 with NC. There were 515 males in the

participants with VaMCI and 416 males in the participants with NC.

There were significant statistical differences in the proportion of par-

ticipants in different age groups between the two groups (p < .001)

(Table 1). Among VaMCI patients, the proportions of patients aged

50–60, 60–70, 70–80, and >80 were 23.5%, 39.8%, 33.5%, and 3.2%,

respectively. At the same time, there were also statistical differences

in the proportion of patients with education, smoking, and marital sta-

tus between the two groups. There was no significant difference in

BMI, drinking, physical activity, diabetes duration, or other vascular

factors between the two groups. Importantly, the proportion of dia-

betes between the two groups was statistically different (p = 0.025),

with 25.5% of patients with diabetes in VaMCI group and 21.3% of

patients with diabetes in NC group. However, for the assessment of

cognitive function, there were some differences in the data of MMSE

andMoCA between the two groups (p< 0.001).

In univariate logistic regression analysis, VaMCI was used as a

dependent variable, and sex, age, BMI, smoking, drinking, education,

marital status, exercise, diabetes, the duration of diabetes, and other

vascular factors were used as independent variables. The results of the

analysis (Table 2) showed therewas a positive correlation between age,

heavy smoking, and diabetes and VaMCI, whereas there was a nega-

tive correlation betweenmarried, education (especially high education

level), light smoking, and general exercise and VaMCI. However, the

duration of diabetes and other vascular factors had no correlationwith

VaMCI.

In multivariate logistic regression analysis, the correlation between

diabetes, multiple risk factors, and VaMCI was corrected. The results

showed that only diabetes and education were still associated with

VaMCI (Table 3). There was a positive correlation between diabetes

and VaMCI (OR = 1.04, 95% CI: 1.01–1.09, p = 0.05), and a negative

correlation between education and VaMCI (OR = 0.60, 95% CI:0.45–

0.81, p = 0.001) That was, diabetes might increase the incidence of

VaMCI by 4%, and a high level of educationwould reduce the incidence

of VaMCI by 40%. The duration of diabetes and other vascular factors

still had no correlation with VaMCI.

5 DISCUSSION

From the above results, diabetes was indeed positively correlatedwith

VaMCI, sowehypothesize that diabetesmaybea risk factor forVaMCI.

The results of an aging cohort study in Singapore were consistent with

our study. It found that diabetes increased the risk of mild cognitive

impairment (MCI) and increased the risk ofMCI progressing to demen-

tia by following 2804 participants for about 3 years (Ng et al., 2016).

The Atherosclerosis Risk in Communities (ARIC) Study concluded that

diabetes was significantly associated with the progression from NC to

MCI but not with the progression from NC or MCI to dementia, fol-

lowing 5099 participants for a median 5 years (Rawlings et al., 2019).

A Swedish team followed a population of 2522 cases for 12 years

and found that people with poorly controlled glycated hemoglobin had

double the risk of progressing from NC to MCI and triple the risk of

progressing fromMCI to dementia (Dove et al., 2021). The above three

studies with different follow-up periods did not categorize the etiol-

ogy of MCI, but all of them suggested that the effects of diabetes on

cognitive function are long-term and gradually accumulative. Thatwas,
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TABLE 1 Baseline characteristics of the 2020 participants.

Vascular mild cognitive

impairment (n= 1140)

Normal cognition

(n= 880)

pn(%) ormean± SD n(%) ormean± SD

Sex(male) 515(45.2%) 406(46.1%) 0.69

BMI 24.7± 3.2 24.6± 3.1 0.39

Age <0.001

50–60 268(23.5%) 301(34.2%)

60–70 453(39.8%) 336(38.1%)

70–80 381(33.5%) 228(25.9%)

>80 37(3.2%) 16(1.8%)

Education <0.001

<6 214(18.8%) 102(11.6%)

6–12 655(57.5%) 445(50.5%)

>12 270(23.7%) 334(37.9%)

Marital status 0.009

Married 1045(91.9%) 833(94.9%)

Divorced/separated/widowed

92(8.1%) 45(5.1%)

Smoking status <0.001

Never 853(75.4%) 672(77.2%)

<3600 packages

totally

74(6.5%) 89(10.2%)

≥3600 packages

totally

204(18.0%) 110(12.6%)

Alcohol consumption 0.396

None 896(79.2%) 705(80.8%)

<75 g

alcohol/week

60(5.3%) 59(6.8%)

≥75 g

alcohol/week

175(15.5%) 109(12.5%)

Physical activity 0.22

<210 304(40.9%) 218(37.4%)

210–420 248(33.4%) 221(37.9%)

>420 191(25.7%) 144(24.7%) <0.001

Diabetes 290(25.5%) 187(21.3%) 0.025

Diabetes duration 8.6± 6.4 7.5± 5.9 0.06

Other vascular factors 1137(99.9%) 880(99.8%) 0.209

MMSE 28.2± 1.0 29.1± 0.9 <0.001

MoCA 22.4± 2.3 27.3± 1.2 <0.001

Abbreviations:MMSE, theMini–Mental State Examination;MoCA,Montreal Cognitive Assessment; SD, standard deviation.

diabetes may be involved in the whole process from NC to MCI to

dementia.

The pathological mechanisms by which diabetes affects cognitive

function have also been studied. In terms of pathological structure, a

team found that diabetic patients had a larger volume of white matter

hyperintensity and a faster accumulation of white matter hyperin-

tensity by brain magnetic resonance imaging (Marseglia et al., 2019).

Whitematter hyperintensity represents demyelination and axonal loss

and is an important pathological factor in cognitive decline. Diffusion

tensor imaging sequence further revealed the presence of microstruc-

tural abnormalities in multiple cortical areas, projections, and limbic

structures in diabetic patients, which were closely related to cog-

nitive functions, such as memory, information processing, executive

function, and attention (Moghaddam et al., 2019). Among patients
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TABLE 2 Univariate association (OR, and 95%CI) between vascular mild cognitive impairment (VaMCI) and diabetes, other factors using
logistic regressionmodels.

OR 95%CI p

Sex 1.04 0.87–1.24 0.70

Age(years) 1.03 1.02–1.04 <0.001

BMI(kg/m2) 1.01 0.98–1.04 0.39

Smoking(< 3600 packs totally) 0.66 0.47–0.91 0.01

Smoking(≥3600 packs total lifetime) 1.46 1.14–1.88 0.003

Alcohol(< 3 times/week or<25 g alcohol/time) 0.80 0.55–1.16 0.24

Alcohol(≥3 times/week or≥25 g alcohol/time) 1.26 0.98–1.64 0.08

Education(primary or junior secondary) 0.70 0.54–0.91 0.01

Education(more than junior high school) 0.39 0.29–0.51 <0.001

Marital status(married) 0.61 0.43–0.89 0.01

Physical activity (210–420min/week) 0.79 0.63–0.99 0.05

Physical activity (>420min/week) 0.90 0.74–1.10 0.32

Diabetes 1.27 1.03–1.57 0.03

Duration of diabetes 1.03 0.91–1.54 0.07

Other vascular factors 1.18 0.91–1.54 0.21

Abbreviations: BMI, bodymass index; CI: confidence interval; OR, odds ratio.

TABLE 3 Multivariate association (OR, 95%CI, and p value)
between the vascular mild cognitive impairment (VaMCI) and
diabetes, other factors using logistic regressionmodels.

OR 95%CI p

Sex 1.22 0.77–1.92 0.40

Age 1.01 0.98–1.04 0.48

Smoking 1.08 0.80–1.46 0.60

Education 0.60 0.45–0.81 0.001

Marital status 0.53 0.23–1.23 0.14

Diabetes 1.04 1.01–1.09 0.05

Duration of diabetes 0.67 0.25–1.76 0.41

Abbreviations: CI: confidence interval; OR, odds ratio.

with suspected VCI, diabetic patients had more severe brain atro-

phy and more lacunar cerebral infarcts (Groeneveld et al. 2019). In

terms of pathological organization, neuroinflammation and oxidative

stress due to the activation of astrocyte and microglia could lead

to neuronal loss, resulting in cognitive impairment (Liyanagamage &

Martinus, 2020; Xiong et al., 2023; Zhang et al., 2023). Insulin resis-

tance in the hippocampal tissue, with amyloid deposition, could also

lead to neuronal damage, which could cause cognitive decline (Ertas

et al., 2023). In addition, mitochondrial homeostasis imbalance, ferrop-

tosis, and neuronal autophagy may also be potential mechanisms for

diabetes-induced cognitive impairment (Chang et al., 2023; Fakih et al.,

2020; Tang et al., 2022; Xie et al., 2023; Zheng et al., 2022).

The duration of diabetes may also influence VaMCI. Therefore, our

study analyzed the correlation between diabetes duration and VaMCI.

Unfortunately, we did not find an association between diabetes and

VaMCI, which may be contrary to some previous related studies. The

ARIC study also found that older adults with diabetes duration ofmore

than 5 years had a higher risk of cognitive impairment than those with

diabetes duration of less than 5 years (Rawlings et al., 2019). A study

from the National Health and Nutrition Examination Survey in China

found that the longer the duration of diabetes, the higher the risk of

cognitive impairment, mainly in terms of processing speed and atten-

tion (Tang et al., 2023). Although all of the above studies found that the

longer the duration of diabetes, the higher the risk of developing cog-

nitive impairment, our results were different. The reason may be that

thedurationof diabetes in our studywas retrospectivedata,whichmay

have recall bias. Therefore, subsequent studies could conduct long-

term follow-up of diabetic patients in the NC group to analyze the

effect of diabetes duration on the incidence of VaMCI.

Education is also an important factor associated with VaMCI. A

high level of education may prevent the development of VaMCI. Like

our study, several studies from different regions abroad had shown

that older adults with high levels of education were less likely to suf-

fer from cognitive decline (Arguvanli et al., 2015; Barba et al., 2021;

Peeters et al., 2020). The impact of education on cognitive function

in old age was primarily through the promotion of cognitive reserve,

whichpersists fromearly adulthood intoold age (Liu&Lachman, 2020).

In addition, the good lifestyle and control of blood glucose, blood pres-

sure, and lipids in people with high levels of educationmay explain why

they are less likely to suffer from cognitive decline.

This study still had several limitations. First, our study was based

on cross-sectional data and could not be followed up to observe lon-

gitudinal changes, which was insufficient to deal with the confounding

factors between diabetes and VaMCI. Second, in the retrospective

data, there may be data bias in terms of the duration of diabetes.
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Shorter or longer duration of diabetes may affect the results of data

analysis. The low rate of diagnosis of diabetes, about half of all peo-

ple with diabetes were not diagnosed in time, could also affect the

accuracy of data analysis. Third, the lack of data on glycemic control,

such as glycosylatedhemoglobin, the useof hypoglycemic drugs, and so

on, made the analysis of the correlation between diabetes and VaMCI

incomplete.

In a word, we found that diabetes had a positive correlation with

VaMCI, andhigheducationhadanegative correlationwithVaMCI.Dia-

betes and education level may indicate the incidence risk of VaMCI.

Therefore, early identification and timely intervention of diabetes may

reduce the risk of VaMCI and achieve early prevention of VaMCI.
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