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ABSTRACT

It is well recognized that the prevalence of dementia is higher in diabetic patients than non-diabetic subjects. The incidence of
diabetes has been increasing because of dramatic changes in lifestyles, and combined with longer lifespans as a result of advances
in medical technology, this has brought about an increase in the number of elderly diabetic patients. Together, aging and diabetes
have contributed to dementia becoming a serious problem. Progression to dementia reduces quality of life, and imposes a burden
on both patients themselves and the families supporting them. Therefore, preventing the complication of dementia will become
more and more important in the future. Although many mechanisms have been considered for an association between diabetes
and cognitive dysfunction, glucose metabolism abnormalities such as hyperglycemia and hypoglycemia, and insulin action abnor-
malities such as insulin deficiency and insulin resistance can be causes of cognitive impairment. Recent large-scale longitudinal stud-
ies have found an association between glycemic control and cognitive decline, although it is still unclear how cognitive decline
might be prevented by good glycemic control. However, at an early stage, it is necessary to detect moderate cognitive dysfunction
and try to reduce the risk factors for it, which should result in prevention of dementia, as well as vascular events. In the present
review, in addition to outlining an association between diabetes and cognitive function, we discuss how glycemic control and
cognitive decline are related. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2012.00234.x, 2012)
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INTRODUCTION
Thanks to the tremendous advances in medicine that have been
made in recent years, the average life expectancy of diabetic
patients has been increasing year by year1. Although prevention
of diabetes is being promoted worldwide, patients with diabetes
or glucose intolerance continue to increase. Coupled with the
aging of society, an increase in the number of elderly diabetic
patients is therefore inevitable.
Generally, problems for the elderly are impaired activities of

daily living (ADL) and cognitive dysfunction. In this regard,
dementia necessitates huge expenditure for caregiving world-
wide and places an immeasurable burden on caregivers2. Previ-
ously, large-scale epidemiological studies have reported that the
incidence of dementia in diabetic patients is two- to threefold
higher than in non-diabetic persons3–6, and recent investiga-
tions carried out in Japan have found the same to be the case
(Table 1)7. For this reason, prevention of dementia in elderly
diabetic patients will be one of the most important issues in
diabetes treatment in the future.

Many mechanisms have been considered for an association
between diabetes and cognitive dysfunction. In their review,
Biessels et al.8 mentioned that: (i) atherosclerosis, such as brain
infarcts; (ii) microvascular disease as a result of insidious ische-
mia; (iii) advanced protein glycation and oxidative stress as a
result of glucose toxicity; and (iv) insufficient insulin action
were major factors, and the added involvement of aging and
genetic factors leads to dementia. As diabetes is a heteroge-
neous disease that is easily compounded by hypertension, dysli-
pidemia and so on, it is considered to be a clinical condition
that is modified by many factors. However, for cognitive dys-
function, the underlying conditions are blood glucose disorders,
such as hyperglycemia and hypoglycemia, and insulin disorders,
such as insulin resistance and insulin insufficiency, have been
shown to lead to cognitive dysfunction (Figure 1).
Recently, interesting findings have been reported for longitudi-

nal research. The Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications
(DCCT/EDIC) study, a long-term study that followed up type 1
diabetes patients for approximately 18 years, found that a decline
in cognitive function, such as motor speed and psychomotor effi-
ciency, was associated with glycemic control level9,10. In contrast,
the Action to Control Cardiovascular Risk in Diabetes-Memory
in Diabetes (ACCORD-MIND) trial, whose aim was intensive
control in type 2 diabetes patients, observed a decline in cognitive
function over time, and effects of intensive glycemic control
were not shown11. In the Atherosclerosis Risk in Communities
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(ARIC) study, while an analysis on all subjects including non-
diabetics found that glycosylated hemoglobin A1c (HbA1c) level
was associated with progression of cognitive impairment in
motor speed, an analysis on the diabetic subjects only did not
find such an association12.
The findings of these studies are at odds with those of many

studies carried out in the past, as they targeted relatively young
middle-aged and elderly persons, and provide new insights
into an association between progression of cognitive impair-
ment and blood glucose levels. However, the cognitive
impairment observed in the respective studies was mainly mild
impairment of frontal lobe function, and it is unclear as to

whether it would have lead to future dementia or not. We will
therefore have to wait and see what future research reveals.
Also, the recent Hisayama study showed a high prevalence of
Alzheimer’s disease and vascular dementia in subjects in whom
glucose intolerance had been observed 15 years previously7.
The findings of the aforementioned studies raise the follow-

ing questions. In patients with diabetes and glucose intolerance:
What will cause decline in cognitive function? What needs to
be done to prevent future dementia in such patients? What is
the impact of glycemic control on cognitive function, and can
good control suppress cognitive impairment and also prevent
its progression to dementia? Furthermore, what methods could
be used for the early discovery of cognitive impairment or to
predict its progression?
In the present review, in addition to outlining an association

between diabetes and cognitive function, we discuss how glyce-
mic control and cognitive decline are related.

IMPAIRMENT OF COGNITIVE FUNCTION IN DIABETES
Dementia is mainly classified into Alzheimer’s disease, vascular
dementia, dementia with Lewy bodies and frontotemporal
dementia. Although Alzheimer’s disease, the most common
type, is considered to be a neurodegenerative disease, it is fre-
quently accompanied by cerebrovascular lesions. Thus, the cur-
rent thinking is that a cerebrovascular component is also
greatly involved in Alzheimer’s disease8,13.
It has been reported that Alzheimer’s disease and vascular

dementia are more frequent in diabetic patients than in non-
diabetic persons3,5–7,14, and that aspects of frontal lobe function,

Table 1 | Risk of dementia in diabetic patients

Study Relative risk (95% confidence interval)

Alzheimer’s
disease

Vascular
dementia

Yoshitake
et al.3

Hisayama
Study

2.18 (0.97–4.90) 2.77
(2.59–2.97)

Leibson
et al.4

Rochester
Study

Men: 2.27 (1.55–3.31)
Women: 1.37 (0.94–2.01)

–

Ott et al.5 Rotterdam
Study

1.9 (1.2–3.1) 2.0 (0.7–5.6)

Peila et al.6 Honolulu–Asia
Aging Study

1.8 (1.1–2.9) 2.3 (1.1–5.0)

Ohara et al.7 Hisayama
Study

2.05 (1.18–3.57) 1.82
(0.89–3.71)
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Figure 1 | Possible mechanistic contribution to cognitive impairment seen in diabetes mellitus. Hyperglycemia, hypoglycemia and abnormal insulin
action have been implicated as major causes of cognitive impairment in diabetic patients, but many other factors, such as those shown in the
figure, are also involved. APOE, apolipoprotein E.
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such as psychomotor efficiency, processing speed and executive
function, are generally more impaired in diabetics12. As causes,
abnormal glucose metabolism and cerebrovascular lesions in
the frontal lobe have been suggested, as described later, but the
details of this remain unclear.
Damage to many cognitive function domains has been

reported in diabetic patients, but there are some differences in
the aspects of function that are damaged between type 1 and
type 2 diabetes. Many studies have found that such aspects as
information processing, psychomotor efficiency, attention,
visuoconstruction and mental flexibility are greatly impaired in
type 1 diabetes. In type 2 diabetes, however, psychomotor speed
and executive function, as well as memory, are greatly affected15.
As a result, walking speed is reduced, balance is impaired, risk
of falls is increased and fractures are more frequent in elderly
diabetic patients, reducing quality of life. Although it has still to
be adequately explained how it is associated with changes in the
brain, executive dysfunction has been reported to be associated
with inability to carry out lower-extremity tasks16.
It is generally considered that vascular damage is closely

associated with impairment of aspects of frontal lobe function,
such as psychomotor speed, executive function and attention,
and that atrophy of the hippocampus, which is related to mem-
ory, and reduced blood flow in the parietal lobe, the posterior
portion of cingulated gyrus and precuneus are associated with
Alzheimer’s disease. Differing from type 1 diabetes, com-
pounded by age and various risk factors associated with it in a
complicated fashion, in type 2 diabetes, a very wide range of
functional damage is observed.

INFLUENCE OF HYPERGLYCEMIA AND GLYCEMIC
CONTROL ON COGNITIVE FUNCTION
Findings from Cross-Sectional Studies
Based on the findings of many cross-sectional studies, there
seems to be broad agreement that the hyperglycemic state
causes cognitive function impairment. The ACCORD-MIND
study observed a 0.14-point drop in Mini-Mental State Exami-
nation (MMSE) score for each 1% increase in HbA1c, and
that its elevation impaired such aspects of cognitive function
as psychomotor speed (Digital symbol substitution test
[DSST]), memory (Rey Auditory Verbal Learning Test) and
executive function (Stroop test), suggesting a significant nega-
tive association between HbA1c level and cognitive function17.
In our own research on elderly diabetic patients, baseline
HbA1c level was an independent factor for functional impair-
ment as indicated by DSST, Stroop test and word recall per-
formance18.
Neuronal changes as a result of advanced glycosylated end-

product production and oxidative stress have been cited as
directly-related factors in the process by which hyperglycemia
causes functional damage. Among other mechanisms under
consideration is one in which damage to neurons and vascular
endothelium as a result of high osmotic stress induced by
hyperglycemia disrupts the blood–brain barrier causing local

leakage of vascular substances, which leads to further neuronal
damage8,15,19.
A study utilizing proton magnetic resonance spectroscopy

reported that glucose and glutamate levels in the prefrontal
regions of type 1 diabetics were elevated as compared with
non-diabetics20,21. It is thought that elevated glucose concentra-
tions lead to enhanced oxidative phosphorylation and increased
levels of glutamate, an excitatory neurotransmitter, whose
enhanced levels bring about cognitive dysfunction by causing
neuronal damage. It has also been suggested that changes in
brain metabolites, such as myo-inositol and N-acetylaspartate,
occur as glucose, and glutamate levels in the white matter and
cortex of the frontal lobe and the thalamus rise20. It is likely
that neuronal damage is induced by higher osmotic pressure as
a result of elevated myo-inositol levels, and that reduced levels
of the non-specific amino acid N-acetylaspartate are associated
with neuronal impairment. In this regard, it has been reported
that elevated glutamate levels in type 1 diabetic patients were
correlated with aspects of cognitive function, such as executive
function and memory. Also, elevated glutamate concentrations
were seen in subjects with poor glycemic control in whom
HbA1c exceeded 7%21. Although almost all of this research was
on type 1 diabetes patients, it is likely that the frontal lobe dys-
function often seen in type 2 diabetic patients is a result of
abnormal glucose metabolism induced by hyperglycemia.

Findings from Longitudinal Studies
In contrast to cross-sectional research, longitudinal research
has not really produced a consensus view regarding blood glu-
cose levels and cognitive impairment. In a 7-year follow up of
elderly diabetic patients aged 70 years and older, Bruce et al.22

reported that the number of years of diabetes duration and
atherosclerosis were important risk factors for dementia, but
factors such as HbA1c, insulin levels and hypertension, were
not independent factors. As shown in Figure 2, in the ARIC
study during 6 years of follow up, although there was a statis-
tically significant relationship between reduction in motor
speed and HbA1c levels, for diabetic patients alone, such a
relationship disappeared12. Although Yaffe et al.23 reported a
fourfold increase in cognitive impairment in subjects with
HbA1c � 7%, as compared with those with HbA1c < 7%, the
majority of the subjects were not diabetic. Also, the DCCT/
EDIC study, which was carried out with type 1 diabetes
patients, reported that motor speed and psychomotor effi-
ciency were reduced in a group with HbA1c � 8.8%, as com-
pared with a group with HbA1c � 7.4%9. Our 3-year follow
up of elderly diabetic patients showed that baseline HbA1c

level was an independent risk factor for reduced perceptual
speed (DSST), attention and executive function (Stroop test)24;
although with MMSE scores of 24 or above, these subjects
were evaluated as not demented. However, HbA1c level was
not a predictive factor for cognitive impairment in the same
study population when patients considered to have mild cog-
nitive impairment were included25. This suggests that the
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involvement of blood glucose in cognitive impairment varies
with the subjects selected.
In the recently published ACCORD-MIND study, after

40 months, no difference in the degree of cognitive impairment
was observed between an intensive treatment group with a tar-
get of <6% for HbA1c and a standard treatment group for
which the HbA1c target was 7–7.9%. However, in a magnetic
resonance imaging (MRI) examination, overall brain volume
was significantly greater in the intensive treatment group than
in the standard treatment group. Thus, there could already
have been systemic changes in the brain before the cognitive
impairment and therefore, there might be an interval between
the protection of organic changes as a result of intensive glyce-
mic control and suppression of cognitive decline11. Further-
more, it has been reported that persisting hyperglycemia with
HbA1c > 9.0% and severe hypoglycemia episodes caused min-
ute structural changes in the brain in a 2-year observation of
type 1 diabetic patients26. As many previous studies also show
that brain atrophy is associated with cognitive impairment27,
brain structural changes as a result of slight variations in glyce-
mic control might lead to future cognitive impairment.
As aforementioned, discrepancies in the findings of individ-

ual studies are not just because of differences between type 1
and type 2 diabetes; they are also considered to arise from the
complex interaction of factors that affect cognitive function,
such as bias due to the subjects selected, age group and dura-
tion of diabetes, presence of complications affecting large and

small vessels, and hypertension. It is therefore difficult to study
the effect of glycemic level by itself. In the Prospective Study of
Pravastatin in the Elderly at Risk (PROSPER) and the Rotter-
dam study, although a decline in cognitive function was
observed in diabetic patients as compared with non-diabetic
subjects, no significant association was noted between fasting
blood glucose levels and cognitive impairment in non-diabetics.
Owing to this, the authors argue that there is a certain thresh-
old above which abnormal blood glucose levels cause cognitive
impairment or the involvement of factors other than hyper-
glycemia is greater in diabetic patients28. Furthermore, with inten-
sive treatment, hypoglycemia readily occurs, which leads to an
increase in events and mortality29, and there is a definite possi-
bility that it has an influence on cognitive impairment. How-
ever, a conclusion has still to be reached on optimal glycemic
control indexes that will not bring about cognitive impairment.
Taking the findings of previous research together, keeping

HbA1c below 7% should maintain a good state of cognitive
function. Furthermore, in glycemic control it is also necessary
to pay attention to postprandial hyperglycemia and hyperinsu-
linemia, as well as hypoglycemia, as described in more detail
later. However, less intensive control, for example with keeping
approximately 8% for HbA1c, would be desirable for elderly
patients, especially those with functional disability and other
conditions30.

Relationship Between Fluctuation in Blood Glucose Levels
and Cognitive Function
In a study utilizing a continuous glucose monitoring system,
it was reported that diurnal variation in blood glucose was
more closely associated with MMSE scores and other aspects
of cognitive function than HbA1c, fasting blood glucose and
postprandial blood glucose31. Also, the Hisayama study found
that an increase in postprandial blood glucose was more clo-
sely associated with cognitive impairment than an increase in
fasting blood glucose7. The ACCORD-MIND baseline analysis
did not observe a relationship between fasting blood sugar
and cognitive impairment17. Furthermore, in research in which
subjects were randomized to either repaglinide or glibencla-
mide as oral hypoglycemic agents, after 1 year, cognitive func-
tion testing showed that there was a significantly greater
decline in cognitive function in the glibenclamide group. How-
ever, this disappeared after adjusting for postprandial blood
glucose, indicating the involvement of postprandial hyperglyce-
mia in cognitive decline32. It is therefore likely that oxidative
stress arising from a glucose spike as a result of fluctuation in
blood glucose or postprandial hyperglycemia is associated with
deterioration in cognitive function, through a similar mechanism
to one in which oxidative stress causes cardiovascular events.
There have also been studies on a relationship between meta-

bolic syndrome and cognitive decline33,34. In this case, although
blood glucose abnormalities will of course be involved, the con-
tribution of hyperinsulinemia and hypertension would also be
great. This will be discussed later.
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Figure 2 | Association between Digit Symbol Substitution Test (DSST)
decline and glycosylated hemoglobin A1c levels. A total of 8958
subjects with an average age of 56 years were followed up for 6 years,
and the results were adjusted by age, sex, race, income, education,
drinking, smoking, body mass index, systolic blood pressure, diastolic
blood pressure, hypertension medication use and total cholesterol level.
The odds ratio with 95% confidence interval (CI) for yearly DSST
decline was 1.42 (1.14–1.75) in diabetic patients as compared with non-
diabetic subjects. This figure is based on a table published in
Diabetologia 201112. DM, diabetes mellitus.

416 Journal of Diabetes Investigation Volume 3 Issue 5 October 2012 ª 2012 Asian Association for the Study of Diabetes and Wiley Publishing Asia Pty Ltd

Kawamura et al.



Relationship Between Drug Therapy and Cognitive Function
Many previous studies have reported that hypoglycemic agents
achieved a short-term improvement in cognitive function19,35.
Although a large-scale cohort study on elderly females observed
that diabetes enhanced cognitive decline over 2 years of follow
up, there was no difference between a group of subjects treated
with oral hypoglycemic agents and non-diabetic subjects36.
Also, in a 24-week study in which rosiglitazone, a thiazolidined-
ione, or glyburide, a sulfonylurea, was combined with metfor-
min, it was observed that both agents improved fasting blood
glucose and also working memory37. Another study found that
oral hypoglycemic agents were more effective when the dura-
tion of disease was longer, and that multiple drug therapy was
better at improving cognitive function than monotherapy38.
These previous studies show that glucose control leads to better
short-term improvement in cognitive function than individual
oral hypoglycemic agents. However, most of the research up
until now has focused on cognitive improvement using thiazo-
lidinediones, as described later, and very little research has been
carried out on other types of oral hypoglycemic agents. There
are now hopes that agents enhancing incretin effects will have
beneficial effects on neurons39 and disruption of brain insulin
signaling in mice40, and they could be effective in preventing
dementia in the future.
For some time, cognitive decline has been reported in

patients receiving insulin therapy5,35,41,42. In our own research,
we noted significant cognitive decline in patients receiving insu-
lin therapy as compared with those being treated by diet alone
or with oral hypoglycemic agents25. Although it is possible that
insulin causes such decline by acting as a neurogenerator, in
patients receiving insulin therapy, the involvement of various
other factors, such as long duration of disease, poor glycemic
control, hypoglycemia and presence of multiple cardiovascular
complications, would be great.

INSULIN ACTION AND COGNITIVE FUNCTION
Hyperglycemia in diabetes is due to the insufficient action of
insulin, and cognitive impairment is not only closely associated
with hyperglycemia, but also with the action of insulin. Insulin
enters the brain through the blood–brain barrier where it binds
with insulin receptors. In the brain, insulin is involved in vari-
ous cognitive functions. There is a particularly large number of
insulin receptors in the hippocampus and cerebral cortex,
which play a central role in memory. Insulin induces the
release of b-amyloid peptide (Ab) in cells to the cell exterior,
and also promotes the expression of insulin degrading enzyme
(IDE). As IDE also degrades Ab, if there is lack of insulin, Ab
will accumulate8,15,43.
In the case of hyperinsulinemia or insulin-resistance, due to

downregulation, there is a decrease in insulin receptors and less
insulin comes into the brain. Also, as insulin is degraded by
IDE, in the high insulin state, IDE is consumed and its amount
decreases, resulting in an increase in Ab causing cognitive
impairment to progress. In this regard, a cohort study on

middle-aged adults reported an association between hyperinsu-
linemia and cognitive decline44. Also, in the Hisayama study,
autopsy findings showed that hyperinsulinemia and hyperglyce-
mia as a result of insulin resistance enhanced neuritic plaque
formation45. Furthermore, Rönnemaa et al.46,47 reported that a
reduction in insulin secretion, not in insulin sensitivity, was
associated with the onset of Alzheimer’s disease. Thus, insulin
seems to be definitely connected with the Alzheimer’s disease
pathology and insulin resistance to be associated with vascular
dementia through atherosclerosis. Also, obesity accompanying
the high insulin state is a future risk factor for dementia, espe-
cially in middle-age48; whereas in the elderly, a decrease in
weight was a possible early symptom of Alzheimer’s disease,
and no association between obesity and Alzheimer’s was
observed49. Regarding the effects of weight reduction, a meta-
analysis showed that it was somewhat useful in preventing cog-
nitive decline, at least in obese persons, although there were
many controversial aspects50. Regarding therapeutic agents, it
has been reported that insulin-sensitizing compounds, such as
the thiazolidinediones rosiglitazone and pioglitazone, were effec-
tive in improving cognitive function51,52, though this has still to
be firmly established. In addition, the intranasal administration
of insulin has been shown to be effective when its action in the
brain is insufficient, and there are expectations that this could
become a new type of therapy53,54.

HYPOGLYCEMIA AND COGNITIVE FUNCTION
The matter of an association between hypoglycemia and cogni-
tive function has been continually discussed for some time.
Although it was reported that hypoglycemia and cognitive
function were not associated in the elderly55, a large-scale, lon-
gitudinal cohort study found that severe hypoglycemia was a
risk factor for dementia in elderly subjects56. Also, a 16-year
follow up of type 1 diabetes patients showed that severe hypo-
glycemia at a young age affected cognitive function57. In con-
trast, the DCCT/EDIC study did not observe an association
between hypoglycemia and cognitive impairment9,10. The study
group in this research was well managed, indicating that cogni-
tive decline as a result of hypoglycemia might be kept to a
minimum through such careful management.
However, in the case that hypoglycemia in the elderly is

combined with pre-existing atherosclerosis, organic brain dis-
ease will readily develop and any nerve damage that occurs will
probably be more difficult to repair than in type 1 diabetics or
young diabetic patients. In addition, as impaired cognitive func-
tion is likely to increase the risk of severe hypoglycemia, mea-
sures against hypoglycemia should be taken in the treatment of
elderly patients42,58.

MICROVASCULAR DISEASE AND COGNITIVE
FUNCTION
Diabetic microvascular disease (in particular, retinopathy and
nephropathy) has been reported to be associated with cognitive
impairment in type 1 and type 2 diabetic patients59–62. Also, an
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association between cognitive impairment and retinal microvas-
cular abnormalities or chronic kidney disease has been reported
in non-diabetic patients63–66, and it was explained that this type
of relationship was mainly with cerebral small vessel disease
(SVD). More specifically, retinal and cerebral small vessels are
considered to have a similar embryological origin and struc-
tures, and share common physiological characteristics, and it is
thought that damage to retinal and cerebral small vessels as a
result of ischemia and so on leads to decline in a cognitive
function. Furthermore, the vascular bed of the kidney and cere-
bral small vessels are structurally similar, and disorders of blood
flow or shear stress as a result of hypertension and so on cause
damage to both the brain and kidney, showing ‘The brain and
the kidney connection’67. Therefore, in cognitive impairment
occurring when there are retinal abnormalities and kidney dis-
ease, there is more likely to be impairment of executive func-
tion and processing speed, which stem from cerebrovascular
disorders, than memory. Regarding neuropathy, it is thought
that nerve sheaths in the brain are damaged by a similar mech-
anism to the one for peripheral neuropathy, and that this leads
to a decline in cognitive function. In this connection, it has
been suggested that increased activity of the polyol pathway
and abnormal myo-inositol metabolism, which are closely asso-
ciated with the development of diabetic neuropathy, could alter
glucose metabolism in the frontal lobe, as mentioned previ-
ously, resulting in cognitive impairment20,68. However, it has
also been reported that decline in cognitive function and dia-
betic microvascular disease are not associated69.
Although it cannot be said that an association between mi-

crovessel damage in the retina and kidney is necessarily con-
fined to diabetics, it can be considered that a mechanism
involving abnormal metabolism as a result of diabetes gives rise
to cerebral microvessel lesions or nerve damage, which in turn
leads to a decline in cognitive function. It is therefore no exag-
geration to call cognitive impairment the fourth diabetic micro-
vascular disease70.
Regarding decline in cognitive function, it is important to

consider the association with SVD. Types of SVD usually seen
on brain MRI are silent brain infarction (SBI), white matter
lesions and microbleeds, and all of them are reportedly related
to cognitive dysfunction71–73. Among them, SBI has been found
to be more prevalent in diabetics than in non-diabetics74. In
our own research, we found that the presence, severity and pro-
gression of SVD were associated with cognitive impairment in
elderly diabetic patients25. An association was observed between
SVD and frontal lobe impairment, the latter assumed to be a
result of damage to the prefrontal loop caused by SBI in the
thalamus, and deep and periventricular white matter lesions.
Diabetic patients have a high incidence of SBI in the thalamus
and basal ganglia75.
Hypertension plays a major role in the onset of SVD, but

hyperglycemia is also considered to cause it. Hyperglycemia
damages the endothelium of brain microvessels, resulting in
disruption of the blood–brain barrier, which in turn leads to

SVD76. In this regard, we previously reported that a rise in
serum levels of intercellular adhesion molecule-1 (ICAM-1),
which indicates vascular endothelial damage, was associated
with the presence of SBI77 and its progression78, and more
recently that it was associated with progression of white matter
lesions79. An association between vascular endothelial function
and SVD has also been reported80. We further reported that
there was an association between a rise in ICAM-1 levels and a
decline in DSST79.

OTHER FACTORS INFLUENCING COGNITIVE FUNCTION
IN DIABETIC PATIENTS
A review by Barnes and Yaffe showed that up to half of all
cases of Alzheimer’s disease are attributable to seven potentially
modifiable risk factors – diabetes, midlife hypertension, midlife
obesity, smoking, depression, low education level and physical
inactivity – and a 25% reduction in all of these risk factors
could reduce the number of dementia cases by up to 3 mil-
lion81. Most of these risk factors also contribute to the inci-
dence or progression of diabetes mellitus. Also, besides the risk
associated with the apolipoprotein E (APOE) e4 allele, multiple
potentially modifiable risk factors, such as intelligence, fruit and
vegetable consumption, depression and diabetes, were identified
in a prospective 7-year cohort study in populations aged over
65 years, suggesting that improvement of modifiable risk factors
might have a great impact in reducing the incidence of
dementia82. It has also been reported that lifestyle-related dis-
eases in middle age, such as diabetes, hypertension and dyslipi-
demia, increase the future incidence of dementia83, and risk
factors for cardiovascular events readily accumulate in diabetic
patients. Thus, diabetes mellitus plays a central role in cognitive
decline.
There have also been a large number of studies on an associ-

ation between hypertension and cognitive function84, and
antihypertensive therapy is thus also important for the preven-
tion of dementia. A recent meta-analysis found that renin–
angiotensin system blockers, especially angiotensin II receptor
blockers, were effective in preventing cognitive decline85.
Although an association between hypercholesterolemia and cog-
nitive impairment is still the subject of much debate, statins are
though to be useful in preventing dementia. However, they are
considered to achieve this through a range of actions other
than cholesterol lowering, including anti-inflammatory and
vascular endothelial stabilizing actions86. Needless to say, symp-
tomatic cerebrovascular disease caused by cardiovascular risk
factors will lead to cognitive impairment87.
A bidirectional association between depression and diabetes

has been reported88, and the depressive state is closely associ-
ated with dementia89. This is considered to arise from damage
to the hypothalamic–pituitary–adrenal axis, but it will not be
discussed in detail in the present review90.
Regarding genetics, an association between the APOE gene

and dementia is well known, and it has been reported that
APOE e4 allele carriers raise the incidence of Alzheimer’s
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disease several fold91. In cross-sectional6,92 as well as longitudi-
nal research93,94, it has been reported that the presence of the
APOE e4 allele in diabetic patients synergistically increased the
incidence of Alzheimer’s disease and other types of dementia as
compared with non-diabetic patients, despite the fact that peo-
ple with diabetes were reported to have a low incidence of the
APOE e4 allele95. Although possession of this genotype is gen-
erally associated with the development of Alzheimer’s disease,
associations with vascular dementia and mixed dementia have
also been reported93. Also, the Hisayama study reported that in
the presence of the APOE e4 allele, hyperinsulinemia and
hyperglycemia as a result of insulin resistance enhanced the for-
mation of neuritic plaque45. Furthermore, it was found that the
development of dementia was enhanced in APOE e4 allele car-
riers in a middle-aged cohort as a result of diabetes and other
vascular risk factors, so early action needs to taken regarding
lifestyle improvement96.

FUTURE OUTLOOK FOR THERAPY TO ARREST
COGNITIVE IMPAIRMENT
Recent large-scale studies have clearly shown that comprehen-
sive management of risks encompassing blood pressure and
lipid control, as well as glycemic control, will prevent or stop
the progress of vascular diseases in diabetic patients97. Future
advances in diabetic therapy are expected to increase the life

expectancy of diabetic patients by reducing the incidence of
cardiovascular events. However, as it has been reported that
not only dementia, but also cancer, frequently occur in diabetic
patients98, it will be important to take measures against both
diseases in elderly diabetics (Figure 3)99. Major problems of
cognitive impairment are not only that it affects life expectancy,
the deterioration in ADL due to cognitive impairment greatly
increases the burden on caregivers, as well as the related medi-
cal costs. Mild cognitive impairment is considered to be the
stage before dementia, and it has been said that when accom-
panied by diabetes, progression to dementia is accelerated100. In
addition, modest cognitive decrements have been reported to
be already present at the early stage of type 2 diabetes101. Thus,
early diagnosis and countermeasures are very important. How-
ever, besides MMSE and other basic screening tools102, there
are really very few ways of evaluating cognitive impairment.
Regarding non-invasive methods of evaluation, although new

neuroimaging techniques using positron emission tomography
and single photon emission computed tomography have been
recently developed to predict Alzheimer’s disease, it is difficult
to apply them in general clinical practice. In contrast, MRI is
in widespread use and it has been reported that hippocampus
volume, which is associated with cognitive function, could be
easily semi-quantitated by computer-assisted analysis using a
MRI voxel-based specific regional analysis system developed for
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Figure 3 | Natural history of patients with diabetes mellitus – past, present and future. The figure shows the natural history of patients with
diabetes mellitus, whose status is affected by genetic and environmental factors. Thanks to recent advances in medicine, the incidence of vascular
events in patients with diabetes has been decreasing; but from now on, both cancer and dementia will become serious problems in elderly
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Alzheimer’s disease103,104. Despite such advances, the develop-
ment of methods based on measurement of predictive markers
in blood samples would be more beneficial. So far, inflamma-
tory markers and cytokines, such as C-reactive protein, interleu-
kin-1b, interleukin-6 and tumor necrosis factor-a, have been
reported to be associated with cognitive function105,106, and a
study has been carried out on the use of an algorithm combin-
ing various serum protein-based biomarkers for the detection
of Alzheimer’s disease107. However, useful blood markers are
yet to be found. Surprisingly, an association between elevated
adiponectin levels and future dementia has recently been
reported in women108, and as weight loss in the elderly is said
to be an early symptom of Alzheimer’s disease, that study is of
great interest109. In any case, it will be necessary for future
research to discover and develop specific high-sensitivity
markers.
In conclusion, hyperglycemia and hyperinsulinemia, as well

as hypoglycemia, are associated with the progression of cogni-
tive decline. Diabetic control from an early stage would be
useful in preventing the onset of vascular events, as well as
cognitive decline. Although the usefulness of intensive glyce-
mic control has yet to be shown, good control that avoids
hypoglycemia and hyperinsulinemia would suppress cognitive
impairment. Much research is currently underway on demen-
tia, and in the near future, epoch-making diagnosis tech-
niques and therapies will be developed. However, at the
current stage, lifestyle improvement with regard to diet, exer-
cise habits, smoking and stress should help prevent diabetes
and vascular complications, as well as the future development
of dementia.
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