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It is known that the aged persons with type 2 diabetes mellitus present a high risk for
developing neurocognitive disorders and in order to explain this phenomenon we have
proposed some potential risk factors. They can be involved in the causality patterns or
can act as useful markers of the cerebrovascular lesions (or both) and for which there are
strong proofs, including the poor glycemic control, hypoglycemia, microvascular
diseases, inflammation or depression. For the macrovascular affections, the association
with the cognitive disorders seems to devolve on the examined vascular system. It is put
into discussion that for the next researches it is important to analyze how exactly the
interrelations between the risk factors can contribute to cognitive disorders.
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Background and aims

The global outbreak of the diabetes mellitus
generates a more important burden on the health
systems. The incidence of dementia begins to
spread globally. The diabetes — characterized by
chronic hyperglycemia — seems to be associated
with a high risk of Alzheimer’s disease (AD) and
vascular dementia (VD) in the general
population [1], and in case of the persons already
diagnosed with a slight cognitive disorder they
are correlated with age [2]. As regards the
cognitive aging at persons diagnosed with type 2
diabetes (T2DM) existing data shows an
accelerated cognitive decline in a prevalence of
20-50 % [3], and in the same time, the studies
suggested that T2DM developed earlier, plays an
important role in developing the cognitive

decline [4]. The most affected seem to be the
aspects belonging to the affectation of the frontal
lobe, more specifically the psychomotor
disorders, processing speed and the executive
function [5].

Many psychosocial, metabolic and vascular
factors play a significant role in developing the
neurocognitive disorders at patients with
diabetes mellitus and can contribute to the
cognitive deterioration in association with
T2DM. The majority of the factors are
interdependent and could influence the cognitive
capacity by the agency of different physio
pathological ways. It is of great importance to
underline that even in the case where the
associations based on observational reviews are
well established, they do not demonstrate the
causality, and therefore to the assessment of the
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epidemiological evidences has been added the
studying of the interventions. Many of the risk
factors are susceptible of affecting knowledge
through an influence on the cerebrovascular
malady, on the pathology of the AD-typical or
on both [6,9].

Vascular and metabolic risk factors

Dyslipidemia

The neurocognitive function has been
reported as being significantly weaker in persons
with T2DM who present increased plasma levels
of triglycerides and with the ones with higher
levels of cholesterol [7], but none of these
observations has been confirmed [8,10].

Despite the obvious beneficial effects that
the statins have on the patients suffering of heart
diseases, there are theories affirming that these
medications could have cognitive side effects,
such as: memory loss, impaired thinking and
learning difficulties — symptoms that could
erroneously classified as dementia.

Although a high level of cholesterol in the
blood generates a milieu favorable for heart
affections, it plays in the brain an important role
in forming the neuronal connections and in
accelerating the electric impulses [33].

In the randomized controlled trial (RCT),
ACCORD-MIND, up to 3,000 aged persons with
T2DM have been distributed either to the
intensive treatment of hyperglycemia or to the
standard therapy [15]. Approximately a half of
the participants have entered into the same
randomized trial up to now in order to approach
the effects of reducing the levels of plasmatic
lipids on the cognitive impairment in the persons
with T2DM, the other candidates participating in
an antihypertensive study. Despite a bigger
reduction of the level of cholesterol in the
patients receiving fenofibrate and simvastatin, in
comparison with the ones being administered
placebo and simvastatin, the cognitive function
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in the two groups has decreased at similar rates
as a follow-up period of 40 months [15].

Hypertension

Hypertension is frequent in persons with
T2DM and, generally speaking, it was paid more
attention to it than to dyslipidemia as a risk
factor for the cognitive decline associated with
diabetes. The transversal studies have
highlighted tendencies in the increasing of the
hypertension’s prevalence in the patients with
cognitive  dysfunction  [8,11,17].  Certain
prospective studies [12,17,19] have ascertained a
relation between the initial blood pressure or the
hypertension and the subsequent risk of
cognitive deterioration. In the Fremantle
Diabetes study, the initial raised blood pressure
was associated with a high risk of occurrence of
the Alzheimer’s disease after 8 years [12], and in
the case of an investigation performed to persons
of over 80 years old, the coexistence of the
hypertension shows the aggravation of the
cognitive decline and the dementia risk in the
persons with diabetes during a 6-year follow-up
[17]. Therefore, hypertension causes
cerebrovascular illness which means it
represents an important risk factor for cognitive
disease.

Hypoglycemia

Few researches have investigated the effect
of the anterior exposure to recurrent
hypoglycemia on the cognitive function in the
persons with T2DM.

A series of studies has reported an
association between the antecedents of the
anterior severe hypoglycemia — self-reported or
verified medically and defined as any episode
needing external help for improvement — and the
cognitive dysfunction [12], and this could reflect
the cognitive ability of the persons continuing to
suffer from repeated severe hypoglycemia.
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In Edinburgh Type 2 Diabetes Study
(ET2DS), with more than 1,000 candidates aged
between 60-75, a medical record of severe
hypoglycemia has been associated with an
altered cognitive function when the pre-morbid
cognitive function estimated before the exposure
to hypoglycemia has been compared with the
cognitive function after the exposure to
hypoglycemia, existing evidence of acceleration
in the cognitive function at the end of life, which
has been independent of the potential influence
of the additional hypoglycemia episodes [29].

Two retrospective investigations [27,28]
have suggested a connection between the
exposure frequency to the severe hypoglycemia
and the ulterior endanger of dementia.
Nevertheless, the studies were based on the
hospital documents — a sub-optimal method for
identifying the hypoglycemia — and the
suggestion that the exposure to even a single
hypoglycemia episode would induce dementia is
implausible.

Hyperglycemia

The raised values of glycaemia in the pre or
non-diabetic interval have been constantly
associated with the cognitive dysfunction — an
association made along with aging [22]. The
results from the transversal analyses concerning
the association HbAlc with the cognitive
decline [10,12,15] in the persons with type 2
diabetes mellitus have been inconsistent.

Hyperinsulinemia

The hyperinsulinemia from the endogenous
hypersecretion usually appears at the onset of
type 2 diabetes as a “pathophysiological”
reaction to insulin. It also appears as a
repercussion of the exogenous insulin therapy.
The hyperinsulinemia has been associated with
the cognitive dysfunction, but a systematic
revision of the observational studies - including

the persons with and without diabetes mellitus -
has reached the conclusion that the evidences for
an association of the increased concentrations of
plasmatic insulin with the affectation of
knowledge have decreased, because it is possible
that any association of plasmatic insulin with
cognition in such evidences could have been
influenced by the inclusion of the persons with
diabetes mellitus [21]. The interrelations
between the insulin’s plasmatic concentration,
quality of glycaemia control and the resistance to
insulin keep on complicating the attempts to
evaluate the association of any of these risk
factors with the cognitive decline [31].

Inflammation

The low-level chronic inflammation is also a
feature of the diabetes and of the Alzheimer
dementia and seems to interact with diabetes in
association with the cognitive disorders. This
fact suggests a common biologic mechanism
[26]. The inflammatory biomarkers include C-
reactive protein (CRP), interleukine-6 (IL-6),
tumor necrosis factor-alpha (TNF-0) and
fibrinogen, some of them being associated with
the cognitive dysfunction in diabetes [31]. A
series of studies has been carried out concerning
the relation between the anti-inflammatory, non-
steroidal, but also steroidal drugs used as
treatment in the inflammatory affections and
Alzheimer’s disease; these studies indicate that
the persons undergoing this long-term treatment
could have a risk of up to 50% lower to develop
this type of dementia [34].

Microvascular disease

As a result of the homology between the
cerebrovascular and retinal cells, the condition
of small vessels in the retina reflects firmly the
cerebral microvascularisation, implying that the
diabetic retinopathy can be used as feature for
the presence of cerebral microangiopathy. Thus,
the diabetic retinopathy can be a presumed
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surrogate marker for cognitive disorders in the
patients with diabetes mellitus, where the
cerebral microvascular disease can play a
significant pathogen role [31].

The cerebrovascular disease and the

carotid intima and adventitial thickening

As regards the stroke, the age seems to be
the most relevant risk factor. There are minimum
gender related differences, the men being subject
to a higher risk to this effect [35]. A possible
explanation could be that the estrogen would
exercise a protective role on the brain by
increasing the cerebral blood flow, stimulating
the cholinergic system, preventing the cerebral
atrophy and the reversing of lesions caused by
glucocorticoids, as it was revealed by the studies
carried out on murine models, respectively the
researches made on postmenopausal women who
had received estrogenic replacement therapy
[34]. The risk factors also include the
hypertension, smoking, diabetes, obesity and
alcohol consumption [35].

In a study elaborated in 1996 by Censori et
al., 25% of the 304 hospitalized patients with
strokes — 146 of them being at their first
presentation - got into dementia in the following
3 months. The strongest predictors for the
commencement of dementia within this test
sample have been: diabetes, atrial fibrillation,
aphasia and infarcts at the level of the middle
cerebral artery [34].

In ET2DS study and in Fremantle Diabetes
Study, a history of the stroke has been associated
with a more accentuated diminishing of the
cognitive ability [12,25], but this observation has
been different than the one of the many other
prospective analyses [18]. No links have been
found. In the ADVANCE study, there were
noticed evidences of a prospective association
with lower cognitive functions which make the
patients more amenable to an increased risk of
heart failure. In the case of persons with T2DM,
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a larger thickness of the carotid intima-media
(cIMT) has been associated with a diminished
level of the cognitive function [7, 8], but its
association with an estimated sudden decrease of
the cognitive function during a lifetime has been
inconstant [22,25]. In a general way, among the
population it was established an association
between a larger cMIT and an increased risk of
cognitive insufficiency [24], so that a similar
association can also exist in the case of persons
with T2DM.

Coronary disease and the N-terminal

Pro-brain natriuretic peptide

In ET2DS study [25] has been noticed a
connection between the coronary disease and the
cognitive dysfunction, but in the study
ACCORD-MIND, the association between the
coronary disease and the cognitive dysfunction
has been limited [10]. Also in other transversal
researches [12,31] and in all prospective probes
[18,25] — some results have been negative. The
inactive metabolite of the N-terminal Pro-brain
natriuretic peptide (NT-proBNP) is a biomarker
of the cardiac stress associated to the ventricular
dysfunction and the congestive heart failure. In
the study ET2DS, it was found a certain
association between a greater initial value of
NTproBNP and a decrease in the cognitive
ability, the cognitive decline being abrupt in the
older persons [25].

Peripheral artery disease and

the ankle-brachial pressure index

In the persons with type 2 diabetes mellitus,
the pressure index diminished at the ankle (ABI)
— a measure of the peripheral artery disease
(PAD) of the inferior limbs — and the generalized
atherosclerosis have been correlated with a
diminished cognitive function [7,25] and with
dementia [12]. In Fremantle Diabetes study, 38%
of the individuals without cognitive decling,
45% of the persons with decreased cognitive
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functions and 75% of the persons with dementia
have been associated with the presence of
peripheral artery disease [12].

Overall, the proofs for an association with
the  macrovascular  disease  and  the
neurocognitive  disorders in  diabetes are
unsubstantial and fluctuate depending on the
vascularization area taken into consideration. As
we expected, the proofs for a relation between
the cerebrovascular disease particularly the
stroke — are stronger than the ones for the
vascular situses which are farther from the brain,
including from the heart. The proofs for an
association with the most distanced presentations
of the macrovascular diseases are mainly limited
and could reflect the atherosclerosis on a large
scale as a marker for the cognitive disorders in
the case of persons with type 2 diabetes mellitus,
thus implying that any real associations have a
small measure in the effect [31].

Depression and the pre-morbid
cognitive decline

Depression

Depression is one of the most frequently
mental disorders in patients with cerebral
affections. In the case of certain patients, the
cognitive decline could be the direct result of
depression. In the case of others, the neurologic
comorbid affection and depression could bring
their own contribution to the cognitive profile.
Another hypothesis needing to be taken into
account is the one that the presence of
depression can determine secondary issues as
regards testing, but which doesn’t necessarily
reflect a subjacent cognitive deficiency [36]. In a
transversal analysis of ACCORDMIND, the
patients with depression (based on the score
obtained on different scales, on screening or self-
reporting) have also registered small scores from
the neurocognitive point of view (less at the
more detailed neuropsychological tests) in
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comparison with the patients without depression
[11]. The persons with comorbid diabetes
mellitus and depression obtained reduced results
in the attention and working speed tests, in
comparison with the patients with diabetes
mellitus, but without depression [23]. In the
general population, the association of depression
with the cognitive deficiency seems to be well
established [20]; therefore, it is possible for the
depression to contribute in the promotion of
cognitive deficiency associated with diabetes.

At the present day, it is not known if
depression represents an independent risk factor
for dementia, acting through hypercortisolism,
which harms the hippocampus area, or a
prodrome of dementia through the perturbation
of serotoninergic circuits caused by the overall
neurodegenerative  process, or  through
psychological mechanisms linked to the inner
struggle of the patient in his/her attempt to deal
with the more diminished cognitive abilities

[34].

Neuropathology effects

The neuropathologic features of the
cerebrovascular disease (multiple heart failures)
and Alzheimer’s (the beta-amyloid plaques and
tau protein  which contribute to the
neurofibrillary tangles) [16] are well established.

It is not difficult to think out the way in
which the macrovascular risk factors in diabetes
mellitus would contribute to the cerebrovascular
affectation  [9], whereas the  chronic
hyperglycemia can lead to the aggregation of
final glycation products [8] and in the
development of certain ischemic modifications
in the small vessels. The hyperglycemia’s
neurotoxic effects are also well accepted [9] and
there are firm connections between insulin and
beta-amyloid protein: the insulin seems to
initiate the production of beta amyloid and to

325




encourage its accumulation
enzyme’s degradation [32].

The neuropathologic bases of the increased
risk of cognitive disorders which the persons
with diabetes mellitus are exposed to are far
from being singular or simple. This complexity
is explained by the difficulty in developing
certain efficient strategies to prevent the
cognitive disorders in the persons with diabetes
mellitus and in developing the treatment
advances in the patients having already suffered
cognitive disorders [31].

through the

Conclusions

The majority of the studies approaching the
risk factors correlated with cognitive disorders
have investigated the general populations.
Nevertheless, having in view the higher risk of
cognitive disorders affecting patients with
T2DM and the potential distinctions in the
underlying mechanisms between the persons
with T2DM and the regular population, it is
necessary to obtain more information specific to
the diabetic population. The proofs that the risk
factors arise more frequently in the persons with
T2DM - associated with the cognitive
dysfunction - are limited, primarily because not
too many of these risk factors have been deeply
researched. Likewise, many of them have been
assessed by themselves.

Generally speaking, we would recommend
for the physicians to attenuate the emphasis on
intensive care and the rigorous control of

glycaemia, in their attempt to protect the
patients’ cognitive behavior (mainly as regards
the potentially harmful effects of hypoglycemia
on knowledge). In the case of modifiable risk
factors, there are necessary additional studies of
good quality and on significantly extensive scale
in order to determine the causality in the synergy
between each main risk factor and their
correlation with the cognitive deterioration. For
the glycaemia control, the future studies should
keep on trying to separate the double potential of
benefices (diminishing the glucose level in the
blood) and the effects harmful to
(hypoglycemia). Likewise, there could be taken
into consideration new orientations  for
investigating the risk factors with protection role
for which the proofs have been limited in a big
way to the observational studies, despite the fact
that they can be modified. For example, the
studies could determine the effects of anti-
inflammatory drugs which are already used
relatively on a large scale and have a reduced
cost, in order to provide definitive proofs
concerning their possible associations with the
incidence of neurocognitive deterioration.

Being also given the high costs involved in
the case of this disease worldwide, it is hoped
that a sustained research will allow the
identification of the causal risk factors which can
be used in order to develop preventive
interventions and can help in identifying the
patients representing the risk of progressing the
neurocognitive deterioration
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