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論 文 内 容 の 要 旨 

INTRODUCTION 

It is reported that aging and lifestyle-related disease are independently associated with 

increased risk of cognitive impairment. Vascular risk factors play an important role on brain 

structural change and cognitive impairment. However, it remains unclear whether risk factors 

increase the risk of cognitive decline through ischemic vascular changes or degenerative 

neuropathology.  

A prospective study has shown that elderly diabetic patients were at greater risk for developing 

dementia than non-diabetic subjects. We have reported that patients with type 2 diabetes showed 

reduced volume of the hippocampus and the degree of atrophy was associated with decreased score 

of general cognitive function test.  

Hypertension has been also reported to be a risk of dementia. Thus, both type 2 diabetes and 

hypertension could cause brain damage through large or small vasculopathy or/and 

neurodegenerative process.  

This study aimed to clarify whether vascular risk factors including type 2 diabetes and 

hypertension affect brain structural changes and cognitive impairment, and whether asymptomatic 

ischemic lesions also contribute to cognitive impairment. 

 

MATERIALS AND METHODS 

Seven-hundred and eighty-four elderly volunteers participated in a medical examination of 

the brain at the Health Science Center in Shimane. The inclusion criteria were as follows: no 

history of neurological or psychiatric disorders including stroke and dementia, no abnormalities 

on neurological examination, and the provision of informed consent to participate in this study. 

The participants underwent medical check, laboratory test, neuropsychological test, and magnetic 



resonance imaging (MRI). Clinical information included age, sex, histories of type 2 diabetes, 

hypertension, dyslipidemia, smoking, and regular alcohol consumption. 

All participants were assessed using a neuropsychological test battery that included the Mini-

mental state examination (MMSE) for general cognitive function, the Frontal assessment battery 

(FAB) for frontal lobe function, the Kohs' block test for visuospatial function, the Self-rating 

depression scale (SDS), and the Apathy scale (AS). 

MRI examinations were performed, using a 1.5-Tesla MRI. The volume of hippocampus was 

quantified with an SPM2-based VBM analysis procedure. The software for the measurement is 

distributed under the name as voxel-based specific regional analysis system for Alzheimer’s 

disease (VSRAD). VSRAD automatically calculated Z value, which reflects the severity of gray 

matter loss in the hippocampal region of an individual subject by comparing it with the original 

normal database template. We defined hippocampal atrophy ranged from grade 1 to 3; grade 1 for 

Z value between 0.0 and 1.0, grade 2 for Z value between 1.0 and 2.0, grade 3 for Z value more 

than 2.0. In a clinical setting, grade 1 means no atrophy, grade 2 is interpreted as slight atrophy, 

grade 3 is indicative of significant atrophy. 

We also evaluated silent brain infarction (SBI), periventricular hyperintensity (PVH), deep or 

subcortical white matter hyperintensity (DSWMH) as asymptomatic ischemic brain lesions.  

A general linear model was used for the analysis of influence of vascular risk factors and MRI 

changes on cognitive impairment and relationship between vascular risk factors and MRI changes 

with adjustment of age and sex.  

A level of p < .05 was accepted as statistically significant. Statistical analysis was performed 

with the SPSS software package (version 22, IBM Co.). 

The study design was approved by the institutional Ethics Committee of Shimane University 

and written informed consent was obtained from all subjects. 

 

RESULTS AND DISCUSSION 

Type 2 diabetes was significantly associated with lower scores on FAB and Kohs’ block test, 

but MMSE, SDS and AS scores were not affected by type 2 diabetes. On the other hand, 

hypertension and dyslipidemia did not affect any neuropsychological test scores. We found that 

type 2 diabetes and hypertension had significant contributions to hippocampal atrophy. 

Furthermore, we studied the relationship between asymptomatic ischemic brain lesions including 

SBI, PVH, and DSWMH and vascular risk factors. Hypertension had significant influences on 

asymptomatic ischemic brain lesions. This indicates that hypertension affects both hippocampal 

atrophy and asymptomatic ischemic lesions, whereas type 2 diabetes contributes exclusively to 

hippocampal atrophy. 

Hippocampal atrophy was significantly related to low scores on FAB and Kohs’ block test, 



but not to MMSE score. Among asymptomatic ischemic brain lesions, SBI affected negatively to 

MMSE score and Kohs’ block test score, and DSWMH was associated with stronger depressive 

state. Apathy score was not related to any brain structural changes. 

Type 2 diabetes was associated with atrophic changes in the hippocampus, but not ischemic 

vascular changes, whereas hypertension was associated with both atrophic changes and ischemic 

vascular changes. In addition, the frontal lobe and visuospatial dysfunction associated with type 2 

diabetes were correlated with hippocampal degenerative pathology. Thus, this study supports the 

notion that hippocampal degenerative change rather than ischemic vascular changes might be the 

main pathology underlying cognitive impairment, independent of aging, in type 2 diabetic subjects. 

Our study suggests that type 2 diabetes might promote atrophy of the hippocampus. MRI 

studies investigating the impact of type 2 diabetes on brain structures have been conducted on 

people without dementia. These studies demonstrated decreases in brain volume affecting both the 

white and grey matters in individuals with type 2 diabetes. Although our volumetric measurement 

did not cover brain areas other than the hippocampus, the medial temporal lobe seems particularly 

vulnerable to diabetes-related brain atrophy. 

The present study demonstrated that hypertension in addition to type 2 diabetes also 

contributed to the reduction of the hippocampal volume independently, although this effect was 

not as strong as that of type 2 diabetes. 

Our study suggests that ischemic vascular changes are not associated with diabetes-related 

cognitive impairments and that degenerative changes are a predominant pathway linking diabetes 

and cognition. Thus, degenerative pathology rather than cerebrovascular lesions might play a key 

role in diabetes-related cognitive impairments, specifically frontal executive dysfunction. 

Recent brain network analyses have revealed that the medial temporal lobe is one of the core 

regions involved in the default mode network. This network also included the precuneus, posterior 

cingulate gyrus, and medial frontal lobe. Thus, the hippocampal degenerative change associated 

with type 2 diabetes could contribute frontal executive dysfunction. 

The major limitation of this study was its cross-sectional design, which made it difficult to 

determine the causative relationship between type 2 diabetes, hippocampal atrophy, and cognitive 

impairments. Longitudinal studies including brain imaging and neuropsychological assessment are 

needed to understand the mechanisms of the link between type 2 diabetes and cognitive 

impairments. 

 

CONCLUSIONS 

Our study demonstrated that patients with type 2 diabetes showed reduction in frontal 

executive and visuospatial functions and this association was correlated with neurodegenerative 

processes. Our study suggested that pharmacological intervention and life-style approaches might 



effectively prevent neurodegenerative processes and dementia in individuals with type 2 diabetes.   

This study also indicates the importance of monitoring brain morphological changes in the 

routine follow-up of type 2 diabetic patients, because both type 2 diabetes and AD are highly 

prevalent among the elderly. 




