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Pathophysiology of cognitive dysfunction in older
people with type 2 diabetes: vascular changes or
neurodegeneration?
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Abstract

Recent studies have revealed that type 2 diabetes mellitus (T2DM) is a risk factor for cognitive dysfunction or dementia,
especially those related to Alzheimer’s disease (AD). Basic research suggests that insulin accelerates Alzheimer-related path-
ology through its effects on the amyloid beta (Aβ). Several pathological studies with autopsy samples have demonstrated,
however, that dementia subjects with diabetes have less AD-related neuropathology than subjects without diabetes. We and
others have reported that small vessel diseases affect cognitive function in older diabetics. Asymptomatic ischemic lesions in
T2DM subjects may lower the threshold for the development of dementia and this may explain the inconsistency between
the basic research and clinicopathological studies. Longitudinal follow-up of T2DM subjects without overt dementia using
both amyloid imaging and magnetic resonance imaging may elucidate these issues. Following up until the development of
overt dementia would make it possible to compare both amyloid load and ischemic lesions before and after the development
of dementia. Moreover, amyloid imaging in non-demented older people with or without insulin resistance would verify the
role of insulin in the processing and deposition of Aβ. Vascular risk factors may represent a therapeutic target, while neu-
rodegenerative pathologies have not yet been amenable to treatment. It remains to be investigated whether medical
interventions on vascular risk factors have protective effects against the development and progress of dementia.
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The prevalence of type 2 diabetes mellitus (T2DM) in-
creases with age, and dementia also increases its incidence
in later life. Therefore, the coincidence of T2DM and de-
mentia increases with ageing. Moreover, recent studies
have indicated that older people with T2DM have a higher
risk of cognitive dysfunction or dementia [1]. There is ample
evidence that T2DM is related not only to vascular dementia
but also to clinical diagnosis of Alzheimer’s disease (AD)-
type dementia [2]. The precise mechanisms underlying
T2DM-related cognitive dysfunction or development of de-
mentia, especially AD-type dementia, remain to be
elucidated, although several hypothetical mechanisms have
been proposed. High glucose concentration, a major patho-
logical characteristic of diabetes, may have toxic effects on
neurons in the brain through osmotic insults and oxidative
stress, and the maintenance of chronic high glucose also
leads to the enhanced formation of advanced glycation en-
doproducts, which have potentially toxic effects on neurons.

Diabetes is associated with an increased release of inflam-
matory cytokines, and the excess inflammation may be
neurotoxic.

T2DM, especially in conjunction with obesity, is charac-
terised by insulin resistance and/or hyperinsulinaemia.
Insulin resistance is defined as an inadequate response by
insulin target tissues, such as skeletal muscle, liver and adi-
pose tissue, to the physiological effects of circulating
insulin, and often is accompanied by raised insulin levels.
Basic research suggests that insulin accelerates AD-related
pathology through its effects on the amyloid beta (Aβ) me-
tabolism and tau phosphorylation [2]. Insulin reportedly
raises Aβ concentrations in plasma in AD subjects, and
these effects may contribute to the risk of AD in T2DM.
The desensitization of insulin receptors, insulin resistance,
reduces the synthesis of several proteins, including insu-
lin-degrading enzyme (IDE). IDE degrades Aβ as well as
insulin, and reduced amounts of IDE may result in greater
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amyloid deposition. Less insulin signalling may also induce
increased activity of glycogen synthase kinase-3β, which
leads to the enhanced phosphorylation of tau protein and
the formation of neurofibrillary tangles (NFTs). Several
pathological studies with autopsy samples have demon-
strated, however, that dementia subjects with diabetes
have less AD-related neuropathology than subjects without
diabetes. One study demonstrated that diabetics show sig-
nificantly less AD-associated neuropathology [3], while
another failed to show any relationship between diabetes
and AD-associated neuropathology [4]. Why does this dis-
parity exist between clinicopathological data and the
implications of basic research?

AD has been thought to be a neurodegenerative dis-
order, which can be sharply distinguished from vascular
dementia. Recent studies, however, suggest that the distinc-
tion between AD and vascular dementia may not be tenable.
There is now substantial and growing evidence that vascular
disorders and/or impaired cerebral perfusion contribute to
the development of sporadic AD. For example, cerebrovas-
cular pathology including stroke seems to play an important
role in the eventual development of the clinical symptoms of
AD [5].

On cerebral magnetic resonance imaging (MRI), white
matter hyperintensities and lacunae, both of which are fre-
quently observed in the elderly, are generally viewed as
evidence of small vessel disease in the brain (white matter le-
sions and lacunae). These lesions are frequently concomitant
with Alzheimer-related neuropathology (senile plaques and
NFTs) and contributes to cognitive impairment in AD sub-
jects [6]. We previously reported that small vessel diseases
affect cognitive function in older diabetics who have not de-
veloped either overt dementia or symptomatic stroke [7, 8].
The number of asymptomatic infarcts and the extent of white
matter lesions in the brain detected with MRI were found to
be associated with the scores of several cognitive functional
tests, especially the digit symbol substitution test, a neuro-
cognitive test that primarily reflects declines in perceptual
speed. We also reported that an inflammatory cytokine,
tumour necrosis factor-α, which is a risk factor for athero-
sclerosis, is related to cognitive dysfunction in older non-
demented diabetics [9]. A recent study demonstrated that
T2DM subjects with clinical diagnosis of dementia have
less Alzheimer-related pathology but more ischaemic le-
sions [10]. This supports the hypothesis that small
vessel disease lowers the threshold for the development
of dementia. That is, if subjects have the same level of
cognitive dysfunction, those with a combination of two
types of pathologies have fewer pathological changes in
each of their pathologies than those with a single path-
ology which is severe enough to cause the cognitive
dysfunction. Therefore, these pathological reports do not
necessarily refute the possibility that DM accelerates the
development of Alzheimer-related neuropathology in the
patients with clinical diagnosis of dementia. Arvanitakis et
al. demonstrated in 2004 that T2DM increases the inci-
dence of AD by clinical diagnosis [11], but T2DM

ameliorated perceptual speed but not global cognition. A
previous study [12] and our own studies [7, 8] showed that
cerebral ischaemic lesions are preferentially associated with
a lower measure of perceptual speed. These results also
suggest that small vessel disease contributes to cognitive
decline in these populations.

Hypertension is often accompanied by diabetes, and sev-
eral longitudinal studies appear to support the notion that
hypertension predisposes to cognitive decline and the devel-
opment of dementia [13]. Vascular alterations induced by
high blood pressure may contribute to cognitive dysfunc-
tion. Hypertension is also associated with cerebrovascular
disease including lacunar brain infarcts and white matter le-
sions, which may contribute to cognitive impairment in
diabetics.

Recently, amyloid imaging technology with positron emis-
sion tomography, which visualises Aβ depositions in the
human brain, has been developed and is now widely available
[14] although some limitations of resolution and specificity
still exist. This technology can be used to investigate the rela-
tive contributions of ischaemic and neurodegenerative
changes to the increasing development of dementia in
T2DM subjects. Longitudinal follow-up of T2DM subjects
without overt dementia using both amyloid imaging and
MRI may help to elucidate these issues, especially with higher
field MRI with some potential for the imaging small vessel
diseases [15] as well as diffusion tensor imaging method
[16]. Following up until the development of overt dementia
would make it possible to compare both amyloid load and is-
chaemic lesions before and after the development of
dementia. Moreover, amyloid imaging in non-demented older
people with or without insulin resistance would verify the hy-
pothesis that insulin plays a role in the processing and
deposition of Aβ. These investigations are important consid-
ering the future availability of disease-modifying therapeutics
such as Aβ vaccination and inhibitors for Aβ secretions.

At present, vascular risk factors may represent a thera-
peutic target, while neurodegenerative pathologies have not
yet been amenable to treatment. Vascular risk factors includ-
ing diabetes and hypertension are reportedly associated with
the progression of lacunae and white matter lesions [17];
however, the beneficial effects on cognitive function of
pharmaceutical interventions with antidiabetics and antihy-
pertensives are less clear in terms of the inhibition of the
progress of lacunae and white matter lesions. It remains to
be investigated whether medical interventions on vascular
risk factors have protective effects against the development
and progress of dementia. If such protective effects do
exist, the underlying mechanism of the therapeutic effects
should be interesting, whether it relies on the inhibition of
the development of vascular lesions or in that of the neuro-
degenerative process.

With the current increase in the older population,
T2DM-associated cognitive dysfunction and dementia are
an increasingly larger problem. A greater understanding of
the relevant pathophysiology and the establishment of better
therapeutic interventions are urgent issues.
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Key points

• Ischaemic lesions including lacunae and white matter le-
sions affect cognitive function in diabetic older people.

• The relative pathological contribution in diabetes-related
cognitive dysfunction of vascular changes and neurode-
generative processes merits further investigation.

• Further studies are warranted to determine whether
medical interventions on vascular risk factors have pro-
tective effects against cognitive function in diabetics.
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