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SUMMARY

Alzheimer’s disease (AD) and diabetes mellitus (DM) are two of the
most common and devastating health problems in the elderly. They
share a number of common features amongst which high prevalence
after 65 years, important impact of patient’s quality of life, substan-
tial health care costs. Reviews on the epidemiological studies on
cognitive impairment in patients with DM found evidence of cross-
sectional and prospective associations between type 2 DM and mo-
derate cognitive impairment, on memory and executive functions.
There is also evidence for an elevated risk of both vascular dementia
and AD in patients with type 2 DM, albeit with strong interaction of
other factors such as hypertension, dyslipidaemia and ApoE geno-
type. DM is an independent predictor of post-stroke dementia.
DM being an atherogenic risk factor, it may increase the risk of
dementia through associations with stroke, causing vascular demen-
tia. In addition, vascular reactivity may be adversely affected by
advanced glycosylation end products resulting in more subtle perfu-
sion abnormalities. Cerebrovascular disease may exacerbate AD
through direct interactions between the two pathological processes
or through cognitive impairment secondary to cerebrovascular dis-
ease “unmasking” AD at an earlier stage than it would otherwise
become apparent. The increased risk of AD may also be mediated by
the exacerbation of B-amyloid neurotoxicity by advanced glycosyla-
tion end products identified in the matrix of neurofibrillary tangles
and amyloid plaques in AD brains, or associations with insulin func-
tions. Decreased cholinergic transport across the blood-brain barrier
observed in diabetic animals may exacerbate cognitive impairment in
AD. Many interventions could reduce the cognitive decline associ-
ated with DM, yet not enough are taken into account so far.
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RESUME
Démences et diabéte sucré

La maladie d’Alzheimer (MA) et le diabete (DM) sont deux affections
chroniques fréquentes chez les sujets &gés. Elles ont toutes deux une
prévalence élevée aprés 65 ans, un fort retentissement sur la qualité
de vie des patients et ont un impact médico-économique majeur. La
revue des études épidémiologiques sur les altérations cognitives des
patients diabétiques suggére I'existence d’une association entre dia-
bete de type 2 et troubles cognitifs modérés. Une telle relation existe
aussi entre diabete de type 2, démence vasculaire et MA mais avec
une forte influence d’autres facteurs comme I'hypertension artérielle,
la dyslipémie ou le polymorphisme de I’ApoE. Le diabéte est un fac-
teur de risque indépendant de démence survenant aprés un accident
vasculaire cérébral. Le diabéte agit comme agent athérogéne et
entraine des anomalies de la réactivité vasculaire par I'action des
produits de la glycation avancée sur la paroi des vaisseaux. La mala-
die cérébro-vasculaire peut favoriser I'expression de la MA soit par
interaction directe entre les deux affections, soit en démasquant plus
précocement les troubles cognitifs. Le risque de MA peut aussi étre
médié par I'accentuation par les produits de la glycation avancée de
la neurotoxicité des dépdts amyloides dans les cerveaux de MA.
La baisse du transport cholinergique a travers la barriére hémato-
cérébrale, observée chez I'animal diabétique, pourrait influencer les
troubles cognitifs de la MA. Certaines interventions, insuffisamment
utilisées, pourraient ralentir le déclin cognitif du sujet diabétique.
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Izheimer’s disease (AD) and type 2 diabetes

mellitus are two of the most common and de-

vastating health problems in the elderly. They
share a number of common features [1].

The observed prevalence of diabetes mellitus (DM) in
people older than 65 years living in the community is 8.5%
in the PAQUID study [2]. It is 11.4% in the population
aged 55 to 99 years old in the Rotterdam study [3]. The esti-
mated annual incidence of diabetes is 8.6%o0 for Canadians
aged 65 years or older and decreases with age from 9.5%o
for subjects 65-74 to 3.1%o for those 85 years of age and older
[4]. Diabetes is more frequent in men than in women [2].

Age-standardized prevalence in people aged 65 and
over in Europe is 6.4% for dementia (all causes), 4.4% for
AD, 1.6% for vascular or so called “mixed” (degenerative +
vascular) dementia, and 0.4% for other dementias [5]. The
prevalence of dementia increases continuously with age and
is 1.2% in the group age 65 to 69 years and 28.5% at age
90 years and older. The prevalence of AD is 0.6%
(65-69 years) to 22.2% (90 years and older); the prevalence
of vascular or “mixed” (degenerative + vascular) dementia
is 0.3% (65-69 years) to 52% (90 years and older) [5].
Dementia is more prevalent in women after 80 years (after
70 years for AD, after 85 years for vascular or mixed
dementia).

Both AD and DM can have an enormous impact on a
patient’s quality of life, and both are associated with sub-
stantial health care costs. Both have a genetic predisposition
[1]. However, there may be considerable heterogeneity in
the genetic factors which contribute to both of these condi-
tions. In addition, both are underdiagnosed.

As reviewed by Stachan et al. [6], the impact of diabetes
on cognitive function has been of interest for 80 years, since
Miles and Root [7] showed that diabetic patients performed
less well than controls on measures of memory, mental
arithmetic, and psychomotor efficiency. It was suggested
that both chronic hyperglycaemia and recurrent episodes of
severe hypoglycaemia are associated with cognitive dys-
function in patients with type 1 (insulin-dependent) diabe-
tes. It was also widely reported that type 2 (non-insulin-
dependent) diabetes is associated with cognitive impair-
ment, then this link was disputed [7].

The role of DM as a risk factor for cognitive decline in
later life has received little epidemiological attention until
recently, despite the high prevalence of diabetes (especially
type 2) in older populations, the high prevalence of demen-
tia, and several potential mechanisms, vascular or not, by
which it may cause cognitive decline [8].

Reviews on the epidemiological studies on cognitive
impairment in patients with DM found evidence of cross-
sectional and prospective associations between type 2 DM
and moderate degree of cognitive impairment, both for
memory and executive functions. There is also evidence for
an elevated risk of both vascular dementia and AD in
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patients with type 2 DM albeit with strong interaction of
other factors such as hypertension, dyslipidaemia and apoli-
poprotein E genotype.

Type 2 diabetes mellitus and cognitive
impairment

Most studies investigating cognitive impairment associ-
ated with type2 DM are case-control studies and show
methodological problems [6,8], including the use of differ-
ent test batteries [6]. Although comorbid neurological ill-
ness is generally considered as an exclusion factor for these
studies, other potential mediating factors such as physical
morbidity, alcohol intake, or use of centrally acting medica-
tion are rarely addressed [6,9]. Stewart and Liolitsa [8]
examined the role of hypertension and depression that are
commonly associated with diabetes [2], but rarely taken
into account in these studies, although hypertension is asso-
ciated with cognitive impairment by itself [10] as well as
depressive symptoms [11,12]. The published case-control
studies showed that patients with DM tend to have a less
effective attention-concentration-working memory (assessed
by backward digit span or serial 7 subtraction task), slightly
worse constructional abilities (assessed by block design and
object assembly), decreased verbal fluency, psychomotor
speed, mental flexibility and abstract reasoning than con-
trols, but no significantly different global cognitive scores.
Usually, verbal memory was impaired (immediate and
delayed recall of word lists), and recognition was normal,
suggesting retrieval difficulties and preserved storage. The
same observation is made for visuospatial memory. Some
early case-control studies which controlled the factor
“hypertension” did not show any significant difference
between patients with and without DM. However, one
study, controlled for demographic factors within the logis-
tic models, found that DM was a significant independent
correlate of abstract reasoning deficits (OR 10.9; 95% confi-
dence interval 2.2-54.9) and visuospatial dysfunction (OR,
3.5, confidence interval 1.2-10.7) in 249 stroke-free commu-
nity volunteers (age 70.8%7 years) [13]. Very old diabetic per-
sons performed significantly worse on tests of verbal fluency
and episodic memory but this effect was less pronounced in
tasks involving higher degrees of semantic structure and fol-
low-up analyses revealed that preclinical dementia accounted
for much of the observed associations [14].

Population studies show inconsistent results [8]. Pro-
spective studies are still scarce. In a cohort of more than
1500 community-dwelling older adults tested with a com-
prehensive battery of memory and executive function tests,
no significant differences were found between subjects
with type 2 DM or impaired glucose tolerance and controls
after adjustment for age, education, obesity, depression,
blood pressure, and current oxygen use [15]. In the Kupio
study, DM did not affect memory significantly and, in con-



trast, hyperinsulinaemia was associated with impaired ver-
bal memory independently of the presence of dementia or
diabetes [16]. DM was not associated with “cognitive
impairment, or dementia” according to the definition of the
Canadian Study of Health and Aging [17], or “age-related
cognitive decline” according to the definition of the
DSM-IV [18] in the Italian Longitudinal Study on Aging
[19].

On the other hand, the Zutphen Study of community-
dwelling elderly in the Netherlands found that diabetes
and impaired glucose tolerance in nondiabetic subjects
were assoclated significantly with poorer cognitive func-
tions [20]. In a 4-year prospective study Yaffe et al. also
showed that older women with impaired fasting glucose
levels performed more poorly on cognitive tests than
those with normal glycaemia [21]. In that mildly hyperg-
lycaemic population the risk of developing overt cognitive
impairment appeared to be intermediate between the risk
of diabetic and normoglycaemic women, suggesting a
continuous risk potentially linked to glycaemic level. The
Melton surveys further showed that subjects with known
diabetes are more likely to have a low Mini Mental Status
Examination (MMSE) score than subjects with normal
glucose tolerance [22]. Carmelli etal. [23] investigated
prospectively the combined effect of midlife vascular risk
factors (including hyperglycaemia) and ApoE4 on decline
in cognitive function in a sample from a population-based
registry of pairs of male veteran twins (43-53 years old).
Midlife hyperglycaemia was defined as 1-hour postload
glucose level >200 mg/dL or the use of a hypoglycaemic
agent or insulin preparation at any one of the first three
examinations. Hyperglycaemics experienced a signifi-
cantly greater decline over 10 years on the Digit Symbol
Substitution Test (DSS) from the Wechsler Adult Intelli-
gence Scale-Revised [24], the Benton Visual Retention
Test (BVRT) [25], and the MMSE [26] than normal sub-
jects. Hypertensives also experience a significantly greater
decline than normotensives on the DSS test, but not on
the MMSE and BVRT. The effect on the DSS test was not
significantly greater in subjects with both risks than
expected from the separate effects combined. Decline on
the BVRT was associated significantly with midlife
hyperglycaemia, regardless of the subjects’ hypertensive
status. ApoE4 carriers with midlelife hyperglycaemia
experienced the greatest decline in performance on all the
cognitive tests, a decline significantly greater than that
expected from the separate effects of these risk factors
combined. The Framingham study also showed that poor
performance on delayed verbal memory was associated
with a previous diagnosis of type 2 DM and diabetes dura-
tion was associated with poor performance on immediate
verbal recall, delayed verbal recall and abstract reasoning
[27]. These findings were independent of age, gender,
education and other vascular risk factors including hyper-
tension. However, important interactions were seen
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between diabetes and blood pressure levels in examining
impairment on a test of visual memory in the composite
scores derived from the whole battery. Diabetes diagnosis
and duration were only associated with impairment in
these measures in hypertensive subjects with no associa-
tion seen in the normotensive group and although blood
pressure levels were still associated with a significant risk
of impaired composite scores in non diabetic subjects,
effects were noticeably greater in those with diabetes.
Another prospective cohort of community-dwelling white
women 65 years and older study showed that diabetes was
associated with lower le-vels of cognitive function and
greater cognitive decline [28]. And the presence of diabe-
tes at baseline was associated with greater decline in scores
on digit symbol subtest and first-letter word fluency test
in a cohort of 10,963 subjects assessed on two occasions
separated by 6 years [29]. The association of diabetes and
cognitive decline was shown with multivariate analyses
controlling for demographic and other vascular risk fac-
tors, and persisted when analysis was restricted to the 47-
57 year old subgroup.

Frisoni etal. [30] hypothesized that different insults,
either degenerative or vascular, may result in greater dam-
age when a particular ApoE allelic variant is present. Vas-
cular risk factors such as hyperglycaemia interact with
ApoE4 to increase the risk of cognitive decline above and
beyond the effect of ApoE4 alone. Recent data from the
Canadian Study of Health and Aging [31] are also in favour
of an association between possessing an apoE epsilon
4 allele and increased risk of developing AD from cognitive
impairment. The polymorphism is also associated in the
same study with a decrease in the age at onset of AD. The
implication of these results is that genetic factors are impor-
tant to consider when studying the effect of midlife cardio-
vascular risk factors on cognitive decline in the elderly.
With the rapid advances being made in molecular genetics,
these types of studies of the pattern of gene-environment
interaction effects have the potential to contribute to new
treatment modalities as well as further our understanding
of cognitive decline and dementia in the elderly [23]. In
addition, higher midlife glucose level was an independent
predictor of greater changes in white matter hyperintensi-
ties (besides midlife lower HDL cholesterol, and midlife
higher systolic blood pressure) [32]. Glucose intolerance
was not related to decreased brain volume in this study.
After adjustment for education and clinical stroke, twins
with more white matter hyperintensities had lower scores
on “memory” and “speed” summary cognitive scales, more
impairment of walking and standing balance and more
depression symptoms than co-twins with fewer white mat-
ter changes [33]. It has been hypothesised that white matter
abnormalities due to disruption in frontal subcortical neu-
ronal circuits may lead to impairment of frontally mediated
executive tasks, including mood disorders and depression

[33-35].
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Type 2 diabetes mellitus and dementia

Some case-control studies have reported a negative asso-
ciation between type 2 DM and AD [36-38] that suggested a
possible protective effect of high glucose on the brain, but
these studies have been of small size or have used referred
patients with AD open to selection bias [39].

The Hisayama study, a 7 year follow up of 828 residents
aged 65 and over and without dementia, found an
increased risk of vascular dementia associated with a diag-
nosis of diabetes close to significance [40]. The Rotterdam
study, the first cross-sectional population study to have
used “dementia” as a variable, reported small but signifi-
cant association between DM and dementia (odds ratio:
1.3, 95% confidence interval: 1.0-1.9) [3]. Diabetes was
diagnosed as use of anti-diabetes medication or random or
post-load serum glucose level over 11 mmol/l. In particu-
lar, strong associations were found between dementia and
diabetes treated with insulin. The relation was strongest
with vascular dementia, but was also observed with AD.
These associations were independent of educational level,
smoking, body mass index, atherosclerosis, blood pressure
and antihypertensive drug treatment, and could not be
explained by clinical cerebral infarctions [3]. A higher risk
for AD was seen in the presence of what was felt to be
unrelated cerebrovascular disease but significant risk was
found in the absence of cerebrovascular disease and the
adjustment for other vascular risk factors and indices of
cardiovascular disease made little difference to the associa-
tion. The fraction of incident dementia in this population
attributable to diabetes was 8.8% [41]. The Canadian
Study of Health and Aging (more than 5.500 subjects
without cognitive impairment at baseline followed for
5 years) found an association between DM at baseline and
incident vascular cognitive impairment (RR 1.62 [CI 1.12-
2.33]) including vascular dementia (RR 2.03 [CI 1.15-3.57])
[42]. The association was not significant between DM and
incident AD (RR:1.30, [CI 0.83-2.03]). However, in this
epidemiological study, the etiological diagnosis of demen-
tia is not as good as in memory clinics.

The Rochester study retrospectively examined case
notes of 1455 subjects with adult onset DM followed up
over a period of 9981 person-years and found and
increased incidence of AD, particularly in men, compared
with general population estimates [43]. Incident cases of
dementia in a population aged 75 and over were associated
with diabetes (OR 1.4) only if, clinically diagnosed AD was
included [44]. At first, the Honolulu-Asia Aging Study, a
prospective epidemiological study of 8,000 men of Japanese
ancestry, did not find any association between AD and dia-
betes, present either 25 or 15 years previously (determined
by interview), but a significant association was found
between impaired glucose tolerance at baseline and vascu-

lar dementia [45]. On a population-based cohort of 2,574
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Japanese-American men including 216 subjects who
underwent autopsy, this Honolulu Asia Aging Study
found that type 2 DM was associated with total dementia
(RR 1.5 [CI1.01-2.2]), AD (1.8 [1.1-2.9]), and vascular
dementia (2.3 [1.1-5.0]) [46]. Individuals with both type 2
DM and the APOE epsilon4 allele (a risk factor for AD as
well as for cardiovascular diseases) had a RR of 5.5 (CI 2.2-
13.7) for AD compared with those with neither risk factor.
The neuropathological data were consistent with the clini-
cal results [46]. It is possible that severely decreased proba-
bility of survival associated with a combination of diabetes
and Alzheimer’s dementia relative to either of the condi-
tions alone could have reduced the apparent association
between the two factors initially. In New York, Cox propor-
tional hazards models were used to analyse longitudinal
data from 1,262 elderly subjects without dementia at base-
line who were followed for an average of 4.3 years [47].
Outcomes were incident AD and dementia associated with
stroke (that could have been called vascular dementia
before the publication of research criteria for vascular
dementia [48]). The prevalence of diabetes was 20% at base-
line. The adjusted relative risk of AD amongst persons with
diabetes as compared with those without diabetes was 1.3
(CI: 0.8-1.9). More significant is the conclusion of a recent
prospective study including 824 participants and finding a
65% increase in the risk of developing AD (hazard ratio
1,65; CI: 1,10-2,47) in diabetic people compared to those
without DM, during a mean of 5,5 years of observation in a
model adjusted for age, gender and educational level [49].
In subjects with diabetes, the adjusted relative risk for the
composite outcome of AD and cognitive impairment with-
out dementia, without stroke, (close to what is called “Mild
Cognitive Impairment” [50]) was 1.6 (CI: 1.2-2.1). The
adjusted risk of stroke-associated dementia in persons with
diabetes was 3.4 (CI: 1.7-6.9). The risk of stroke-associated
dementia attributable to diabetes was 36% in Hispanics,
33% in African Americans and 17% in Caucasians [47].

Cross-sectional studies report more vascular risk factors
(including DM) in vascular dementia than in AD which
may be biased by the use of criteria for probable AD [51]
that emphasises the exclusion of underlying disorders, par-
ticularly cerebrovascular disease. Few epidemiological
studies have been conducted to identify the potential risk
factors for vascular dementia, although it is generally
assumed that these factors are the same as for stroke, and
include hypertension, DM, advanced age, male sex, smok-
ing and cardiac diseases [52,53].

DM is an atherogenic risk factor, with hypertension,
cigarette smoking, and hypercholesterolemia. It is associ-
ated with thrombosis, myocardial infarction, and cerebrov-
ascular disease, which can lead secondarily to infarctions
and white matter ischemia. All indicators of atherosclerosis
were associated with dementia (OR 1.3-1.9), AD (OR 1.3-1.8)
and vascular dementia (OR 1.9-3.2) in the Rotterdam study
[54]. The risk of vascular diseases in patients with type 2



DM is reduced by lowering the blood pressure of patients
with hypertension [55-57], which reduces costs and
improves health outcomes [58]. Antihypertensive drugs
reduce the incidence of dementia by 50%, and treatments
are more beneficial in patients with diabetes as compared
with those without diabetes at entry [59,60]. However,
treatment and control of cardiovascular risk factors are
suboptimal in older population, especially amongst those
with DM [61].

On the other hand, case-control studies showed that
normoglycaemic patients with AD or vascular dementia
had higher fasting glucose levels [62-64], and insulin levels
(although not consistently in all studies) than age-matched
controls. Hyperinsulinaemia in AD might be a transient
phenomenon and discrepant glucose and insulin levels in
responses to oral glucose tolerance test may simply reflect
different stages of the disease [65]. In Carantoni et al. study
[64], these parameters were adjusted for gender, body mass
index, albumin level and presence of arterial hypertension.
Since glucose and insulin levels are inversely related to
insulin sensitivity [66], it could be added that patients with
dementia are more insulin resistant than subjects without
dementia. Though the pathogenetic mechanism(s) of this
association are not entirely understood, some epidemiologi-
cal surveys have shown that elderly patients with high insu-
lin levels have lower cholesterol levels [67,68], which is
another matter of debate in dementia.

Modest increases in glucose levels can enhance learning
and memory both in rodents and in humans [69]. In a lon-
gitudinal study, Craft etal. found that patients with very
mild AD showed memory facilitation and elevations in
plasma insulin in the 225-mg/dl glucose condition relative
to baseline; 18 months later, the patients whose dementia
had progressed showed significant decreases in insulin and
hyperglycaemic memory facilitation [70]. The Canadian
Study of Health and Aging did not find significant diffe-
rences in mean random blood glucose levels between pro-
bable AD and vascular dementia, between subjects with no
cognitive loss and either severe probable AD or severe vas-
cular dementia, or across the stages of either probable AD
or vascular dementia [71].

Post-stroke dementia

Little progress has been made in understanding when
dementia will develop in persons who have had strokes
|72]. Stewart and Liolitsa [8], reviewed the studies which
have examined the role of diabetes in the development of
dementia after stroke and found conflicting findings: some
found that demented patients had significantly more diabe-
tes |73,74], others did not [75-78], or did not look for it [79].
More recently, Desmond etal. [80] found that 26.3% of
patients were demented 3 months after ischemic stroke
(57% vascular dementia, 39% AD with concomitant stroke,
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4% other reasons). Logistic regression suggested that
dementia was associated with DM (RR 1.8). Likewise,
Hénon etal. [81] found that 28.5% of patients were
demented after 3 years of follow-up with most of post-
stroke dementia (prestroke dementia having been
excluded) occurring during the first 6 months (68% vascu-
lar dementia; 33% AD with concomitant stroke). Using
multivariate analysis, independent predictors of post-stroke
dementia were DM, besides ageing, preexisting cognitive
decline, severity of deficit at admission, and silent infarct.

It may be that if diabetes has an effect on dementia after
stroke, it is to accelerate the onset rather than increase the
longer term risk. Another consideration is that raised mor-
tality associated with stroke in the presence of diabetes may
mask an association with dementia. Diabetes was associated
with death (RR 1.87; 95% confidence interval 1.59-2.19)
and institution entry (RR 1.58; 95% confidence interval
1.28-1.94) in the Canadian Study of Health and Aging [4].
However, in a Chinese study on 304 consecutive stroke
patients, in spite of having similar glucose concentrations to
those patients with stress hyperglycaemia, diabetics did not
have a worse immediate and 3-month outcome compared
with non diabetics [82].

Possible mechanisms of association

In its critical review of published studies on cognitive
function in diabetic patients, Strachan et al. concluded that
the etiology of any cognitive decrease in type 2 DM is likely
to result from an interaction between metabolic abnormali-
ties intrinsic to diabetes, diabetes-specific complications, and
other diabetes-related disorders [6]. DM being an athero-
genic risk factor, it may increase the risk of dementia
through well recognised associations with stroke, causing a
classical vascular dementia. In addition to cerebral infarc-
tion, vascular reactivity may be adversely affected by
advanced glycosylation end products resulting in more sub-
tle perfusion abnormalities [83,84]. If cerebrovascular di-
sease exacerbates AD, this may be through direct interactions
between the two pathological processes or through cognitive
impairment secondary to cerebrovascular disease “unmas-
king” AD at an earlier stage than it would otherwise
become apparent [39,85].

Direct effects of vascular disease on the pathology
of AD

Severe coronary artery disease has been associated with
increased senile plaques counts in a necropsy series of sub-
jects without dementia [86], suggesting that the burden of
Alzheimer’s pathology may be increased by systemic vascu-
lar disease, possibly to a threshold beyond which it becomes
progressive and self generating [39]. Subcortical infarctions,
or disturbances in cerebral perfusion may be exacerbated by
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pre-existing microvascular abnormalities associated with
AD [87]. The distribution of amyloid in white matter is
related to blood vessels, suggesting a vascular rather than a
neuronal source [88]. Increased permeability of the blood-
brain barrier has been found to occur secondary to transient
ischaemia [89], and this process may underlie both perivas-
cular amyloid deposition and white matter lesions [90].
Increased P-amyloid production has been shown in
response to ischemia in the selectively vulnerable hippo-
campal region [91].

However, the increased risk of AD associated with
type 2 DM may be mediated to a large extent by non-vascu-
lar mechanisms [39]. These may include hyperglycaemia
compounding the ischemic burden of pre-existing vascular
disease by increasing anaerobic metabolism and lactic aci-
dosis [92], the exacerbation of beta-amyloid neurotoxicity
by advanced glycation end products [93] identified in the
matrix of neurofibrillary tangles and amyloid plaques in
AD brains [94,95], or associations with insulin functions
(see below). In addition, decreased cholinergic transport
across the blood-brain barrier has been reported in diabetic
rats, which may be potentially important in exacerbating
cognitive impairment in the presence of subclinical AD
[96]. Several studies performed in animal models suggest an
early role of diabetes in dysfunctional glutamate receptors
leading to an impaired hippocampal synaptic plasticity [97].
This mechanism may also contribute to the development of
cognitive defects in diabetic patients.

Insulin resistance

Peripheral insulin resistance has been hypothesised as
mediating the noted clustering of vascular risk factors such
as type 2 DM, hypertension, dyslipidaecmia, and obesity
[66]. Findings from the Kuopio population study reporting
hyperinsulinaemia to be associated with recent onset AD in
non-diabetic subjects [98] support this hypothesis. How-
ever, it was a cross section study that does not permit to con-
clude if hyperinsulinaemia would be a cause or effect of
AD. Insulin has been shown to inhibit synaptic activity at
excessively high or low levels [99], and down regulate
choline acetyltransferase [100], in vitro. Moreover, a role for
insulin and insulin growth factor-1 (IGF-1) in the regula-
tion of tau protein phosphorylation has been suggested
[101], the process underlying the formation of neurofibril-
lary tangles. IGF-1 prevents amyloid-related neurotoxicity
in rats [102]. Deposition of amyloid deposit in pancreatic
islet beta cells appears to be a consistent pathologic marker
in type 2 DM. An islet peptide known as amylin has been
identified as the key component of such amyloid deposit
[103]. Although amylin and beta-amyloid protein are both
cell secretory products, and both have the propensity under
some circumstances to form insoluble amyloid fibrils that
are toxic to host cells, these polypeptides are completely dif-
ferent. While the role of each of these molecules in the pri-
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mary pathogenesis of AD or DM is still unclear, it is
tempting to speculate that an alteration in the protein fold-
ing leading to aggregation and amyloid deposits may be a
key mechanism in both disease [1]. Janson etal. have
recently reported an increased frequency of islet amyloid
deposition in the pancreas of patients with AD compared
with control subjects without AD [104]. Amylin is colocal-
ized and cosecreted with insulin, buts its physiologic role is
unknown. Amylin antagonized insulin-induced glycogen
synthesis in diabetes [105]. Processes which regulate tau
phosphorylation may be affected by a state of decreased
insulin sensitivity resulting in a predisposition to AD as
well as to vascular disease, or a common genetic abnormal-
ity affecting insulin dependent pathways may result in AD
[39].

Hyperinsulinaemia has been found to be associated with
MMSE impairment in large populations studies remaining
significant even after adjusting for cardiovascular disease,
diabetes, and other vascular risk factors [106,107]. By con-
trast, with an experimental design allowed to compare cog-
nitive parameters under two conditions presenting
markedly different insulin levels, but with minimal inci-
dence on blood glucose concentrations since these were
kept constant by glucose infusion, the “high insulin” condi-
tion was associated with enhanced performance on mem-
ory tests, on the Stroop test and subjects expressed less
difficulty in thinking than during the “low insulin” condi-
tion [108]. However, this experiment was performed on
healthy subjects, without control group to avoid leaving
patients infused with glucose without insulin treatment.
Furthermore polymorphic variations in genes involved in
mediation of insulin metabolic effects and correlated with
increased insulin resistance appear to contribute to the risk
of AD, supporting the hypothesis that both diseases may
share a common genetic background [109].

Though the mechanism by which insulin resistance and
hyperinsulinemia could be associated with cognitive
impairment remains speculative, a reduction of brain glu-
cose metabolism has been found in patients with dementia
and it has been hypothesised that a neuronal resistance to
the action of insulin exists [62]. An insulin action upon
brain glucose metabolism is exerted by a receptor binding
to specific areas like neocortex, hippocampus, amygdala
and hypothalamus which are often affected in dementia,
especially AD [110].

The role of glycaemic control

The respective roles of hypo- and hyperglycaemia in
mediating cognitive impairment remain controversial [8].
Chronic hyperglycaemia and advanced age may be associ-
ated with increased cerebral sensitivity to hypoglycaemic
episodes [111]. The association between cognitive decline
and severity of diabetes may indeed be mediated by a com-
bination of chronic hyperglycaemia and episodic hypogly-



caemia [8]. Although acute hypoglycaemia impairs
complex, attention-demanding and speed dependent
responses, (with accuracy often preserved at the expense of
speed) [112], intensive therapy and the attendant risk for
hypoglycaemia were not associated with neuropsychologi-
cal impairment in the Stockholm Diabetes Intervention
Study [113], as well as in the Diabetes Control and Compli-
cations Trial [114,115], in type 1 DM. Previous episodes of
hypoglycaemic coma are not associated with permanent
impairment of cognitive function in these patients, com-
pared with patients without such episodes [116]. The hypo-
thetical long-term cognitive risk of hypoglycaemia should
not prevent an intensive control of hyperglycaemia, whose
risk is well established [117]. However, behavioural changes
and mood disorders (depression, and anxiety) observed
after severe hypoglycaemia in insulin-treated diabetes
adults may be persistent [118].

So far, no significant associations were found between
glycosolated haemoglobin concentrations and cognitive test
scores in participants with diabetes of a community survey
of cognition [9].

Vascular disease unmasking subclinical AD

Cerebrovascular and Alzheimer’s pathologies may
interact their clinical effect. The Nun study found that
fewer neuropathological lesions of AD appeared to result in
dementia in those with lacunar infarcts in the basal ganglia,
thalamus or deep white matter than in those without inf-
arcts [119]. Lacunar infarcts had a strong association with
atherosclerosis in the arteries of the circle of Willis. DM, as
well as hypertension, ischemic cardiac disease and lacunas
are significantly more common in demented patients with
white-matter changes, whereas the frequency of transient
ischemic stroke episodes did not differ between groups of
patients with and without white-matter changes [120]. The
Oxford Project to Investigate Memory and Ageing
(OPTIMA) also found that for any given level of cognitive
deficit, the densities of either all plaques or neuritic plaques
alone in the neocortex were significantly lower in cases of
AD mixed with other pathology than in cases of AD with
no other pathology [121]. In AD combined with cerebrov-
ascular disease, the total plaque density made a significant
contribution to cognitive deficit, while neurofibrillary tan-
gle densities did not [121]. A large community-based neu-
ropathology study in an elderly [70-103] UK population in
relation to prospectively evaluated dementia status showed
that Alzheimer-type and vascular pathology were the
major pathological correlates of cognitive decline, but most
patients had mixed disease [122]. Cerebrovascular disease
was very common and significantly more common in
demented than in non-demented individuals. Small-vessel
disease was the commonest cerebrovascular pathological
feature, generally a component of mixed vascular disease.
Severe subcortical vessel disease was the vascular feature

Diabetes mellitus and dementia

that was most clearly related to dementia in demented
patients with cerebrovascular disease and no Alzheimer-
type pathology [123]. This UK study has drawn attention to
the importance of congophilic angiopathy which increased
evidence on the interaction of vascular and Alzheimer-
type changes in the pathogenesis of dementia. However, the
study showed an extensive overlap of intermediate Alzhe-
imer-type pathology among demented and non-demented
older patients despite equivalent degrees of vascular pathol-
ogy, in agreement with another population-based clinico-
pathological study in the UK [124]. Educational attainment
appears to delay, protect from the presence of, and possibly
development of dementia [125] with several possible under-
lying biological mechanisms, and may also relate to less vas-
cular pathology [126].

It is possible that AD and vascular dementia affect par-
allel cognitive functions which, when impaired, interact to
manifest dementia. Memory impairment secondary to hip-
pocampal damage in AD may in itself not be sufficient to
present as dementia until a relatively advanced stage is
reached, but dementia may be precipitated at an earlier
stage in the presence of impaired executive function sec-
ondary to vascular disease and related to frontosubcortical
disruption [39].

Many factors may mediate an association between dia-
betes and AD. It raises the question as to whether these act
to induce or exacerbate AD pathology [8]. A post-mortem
study of brains of diabetic patients found no evidence of
increased Alzheimer’s pathology compared to age-matched
controls [127] suggesting more a role of exacerbating pre-
existing disease [8].

Role of ApoE and gene-environment interaction

ApoE4 is recognised to be an independent genetic risk
factor for cognitive decline, AD and possibly vascular
dementia [106]. The €4 allele has been reported to be associ-
ated with increased insulin resistance in non diabetic sub-
jects [128] and with increased rate of macrovascular
complications in subjects with type 2 DM [129], possibly
mediated by effects on lipid levels. ApoE4 may therefore be
a shared risk factor underlying both dementia and diabetes.
Close control of diabetes may be particularly important for
those patients with €4 since they may be more likely than
others to develop both diseases [130]. The Cardiovascular
Health Study showed that subjects with any APOE &4
allele in combination with DM were at substantially higher
risk of cognitive decline than those without the APOE €4
allele [131].

Comorbid medical conditions

Besides centrally acting medications, conditions are
known to be associated with DM and cognitive impairment,
such as depression. Depression may cause a worsening of
diabetic control, and cognitive complaints. Depression may
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also bring to medical attention a patient with undiagnosed
DM and thus be a confounding or a mediating factor [8].

Consequences of associated dementia
and DM in care practice

Perlemuter et al., who consistently found decreased cog-
nitive function in ageing type 2 diabetic patients, suggested
that the apparent cognitive impairment in ageing patients
with type 2 DM may complicate adherence to medical regi-
mens [132,133]. The Canadian Study of Health and Aging
showed that undertreatment of vascular risk factors
occurred more often in patients with cognitive impairment
than in subjects with no cognitive loss [134]. It was particu-
larly observed in patients with a history of stroke that were
not taking aspirin, but it was not statistically significant in
patients with DM. There is an important need for reap-
praisal of diabetes care in long-term institutional settings
[135]. In addition, elderly subjects with type 2 DM and
MMS score <23, are significantly less likely to be involved
in diabetes self-care and diabetes monitoring. A low
MMSE score was also significantly associated with reduced
activities of daily living, increased need for assistance in
personal care, and higher hospitalisation rates [136]. Thus
routine screening of cognition in older subjects with DM is
recommended.

Conclusions and perspectives

Both prospective and cross-sectional studies suggest that
type 2 DM is associated with an increased risk of both AD
and vascular dementia. Various pathological changes con-
tribute to the dementia process. These findings raise con-
cerns about limitations of the effectiveness of therapeutic
interventions aimed at only one type of lesion in the aged
population [122]. Diabetes is associated with an increased
risk of cardiovascular disease, which is amplified in the
presence of hypertension, and a reduction in blood pressure
confers measurable benefits [137].

Medications that decrease the risk of cerebrovascular
disease might be expected to be associated with better cog-
nitive function in older people. It has been shown for anti-
hypertensives [59,138,139], hypolipemic agents [140,141],
but not yet demonstrated for antidiabetics [139]. Better gly-
caemic control may result in better cognitive function
[142,143]. The UKPDS 38 study showed that tight blood
pressure control in patients with hypertension and type 2
DM reduces the risk of deaths and complications related to
diabetes, progression of diabetic retinopathy, and deterio-
ration in visual acuity [144]. Unfortunately the cognitive
aspects were not taken into account. Statins (pravastatine)
may reduce the risk of DM [145], of stroke [146] and of AD
[140,141]. In the same vein, postmenopausal hormone
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replacement improves proteinuria and impaired creatinine
clearance related to the renal microvascular damage in
type 2 DM and hypertension [147]. Hormone replacement
was shown to improve cognitive functions [148-150]. The
multifactorial pathogenesis of diabetic cognitive impair-
ment involves both metabolic and vascular changes,
related to chronic hyperglycaemia, but probably also
defects in insulin action in the brain. Treatment with insu-
lin might therefore not only correct hyperglycaemia, but
could also directly affect the brain [151]. More prospective
studies are needed that should consider cognitive functions
in observational and in interventional studies in patients
with DM.
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