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Cognitive dysfunction: An emerging concept of a new
diabetic complication in the elderly

Hiroyuki Umegaki,' Toshio Hayashi,' Hideki Nomura,'* Madoka Yanagawa,! Zen Nonogaki,'
Hirotaka Nakshima' and Masafumi Kuzuya'

"Department of Geriatrics, Nagoya University Graduate School of Medicine, and *Department of Geriatrics, Ajima Clinic, Nagoya,
P 8 4 ep ) i g0y
Japan

The incidence of type 2 diabetes mellitus (T2DM) has risen, and this trend is likely to continue. Recent advances
suggest that T2DM is a risk factor for cognitive decline. We are now encountering novel complications of T2DM,
namely cognitive dysfunction and dementia. Although the treatment strategy for diabetic patients with neurocognitive
dysfunction has received a great deal of attention, the appropriate level of glycemic control for the prevention of the
development and/or progression of cognitive decline in elderly diabetic patients remains to be elucidated. Another
issue in diabetic treatment in patients with cognitive dysfunction is the selection of medicines. The best choice and
combination of antidiabetic medications for the preservation of cognition should also be studied. Ample studies
suggest that exercise helps to preserve cognitive function, although existing evidence does not necessarily indicate its
effectiveness exclusively in diabetic patients. Exercise is a helpful non-pharmacological therapy. Considering the
progressive aging of the worldwide population, more research to investigate the best way to manage this population
is important. Geriatr Gerontol Int 2013; 13: 28-34.

Keywords: Alzheimer’s disease type dementia, hypoglycemia, insulin resistance, neurocognitive assessment, vascular
YW

dementia.

Introduction

The incidence of type 2 diabetes mellitus(T2DM) has
risen, and this trend is expected to continue.! Recent
remarkable advances in pharmacological therapy in
T2DM have resulted in a wide variety of treatments.
Many large clinical trials have been carried out, and a
variety of interventions are now available to prevent and
treat the classic microvascular and macrovascular com-
plications that occur with DM, so that people are living
longer with the condition.? Recent studies suggested
that T2DM is a risk factor for cognitive dysfunction
and dementia in the elderly. With the increase in the
number of elderly individuals with DM, the number
of diabetic patients with cognitive dysfunction has been
increasing. We are now encountering novel com-
plications of T2DM that are not targeted by the current
management strategies. As one of these new targets,
cognitive impairment and dementia in patients with
T2DM has generated a great deal of interest, and
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diabetic treatment in this population that takes brain
protection into consideration should be provided.

Cognitive impact of T2DM

Large epidemiological studies have shown the cognitive
impacts of T2DM. In the Rotterdam Study,® T2DM
patients showed an increased risk of developing demen-
tia. The study also showed that patients treated with
insulin were at a 4.3-fold higher relative risk for demen~
tia. The Hisayama Study showed that the incidence of
all-cause dementia, Alzheimer’s disease (AD) and vas~
cular dementia were significantly higher in patients with
diabetes than in those with normal glucose tolerance*
The same study showed that systemic insulin resistance
was associated with the pathogenic process of AD, neu-
ritic plaques formation.® The Religious Orders Study,
which observed some 800 nuns and priests longitudi-
nally for 9 years, showed that diabetic people had a 65%
increased risk of developing AD.® The Honolulu Asia
Aging Study, a cohort of Japanese Americans in Hawaii,
showed that the diabetic population had a 1.8-fold
higher risk of developing AD and a 2.3-fold risk of
vascular dementia.”®

Prospective trials also suggested that T2DM
caused cognitive function to deteriorate in the elderly.

© 2012 Japan Geriatrics Society
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Cognitive dysfunction in diabetics

A diagnosis of diabetes increased the odds of cognitive
decline 1.2-fold to 1.7-fold (95% CI 1.3-2.3) in several
neurocognitive assessments.” A recent systematic review
of large prospective trials reported that T2DM increased
the risk of AD by a factor of 1.59 (range 1.15-2.7).1
Another systematic review reported that T2DM has a
risk of vascular dementia of 2.0-4.2.>1

The advances in the research in this field strongly
suggest that T2DM is a risk factor for cognitive dys-
function or dementia."**

Assessment of diabetes-associated
cognitive dysfunction

To screen patients with cognitive impairment, several
neuropsychological assessment tools might be applied.
The Mini-Mental State Examination (MMSE) is an
assessment scale for global cognition including orienta-
tion, memory, calculation, verbal ability and construc-
tional disability.™ A full score is 30, and a cut-off point
of 23 out of 24 is usually used for the screening
of dementia. The MMSE subset analysis identified
impaired attention and calculation as specific character-
istics of DM patients,' whereas patients with AD had
lower scores in temporal orientation and recall.’®

As a part of a large cohort study of older DM patients
(Japanese Research of Cholesterol and Diabetes Mellitus,
UMINOO0G000516 Japan CDM), we carried out MMSE
on diabetic patients aged older than 65 years in a dia-
betic outpatient clinic (52 males, 61 females; mean age
74.7 + 4.6 years). Of these patients, 75 were aged less
than 75 years (younger-old mean age 69.9 + 4.7 years)
and 38 patients were aged older than 75 years (older-old
mean age 80.7 + 4.4). In the younger-old group, 76.0%
of patients {(5§7/75) had a MMSE score of more than 24
(mean score 25.3+4.7), and in the older-old group,
52.6% (20/38) had a MMSE score of more than 24 (mean
score 24.2 £4.6). This small assessment showed that
many diabetic patients had lower cognitive scores indica-
tive of dementia, especially in the older-old.

Diabetes affects a wide range of cognitive domains."”
Among the domains affected by T2DM, cognitive speed
might provide early detection of diabetes-related cog-
nitive decline’™ The digit symbol substitution test
(DSST) is a test of cognitive speed that can be carried
out relatively easily. It consists of a number (e.g. nine) of
digit-symbol pairs (followed by a list of digits). Under
each digit, the patient is asked to write down the corre-
sponding symbol as quickly as possible. The number of
correct symbols written within the allowed time (e.g. 90
or 120 s) is measured.

In clinical settings, the diagnosis of dementia is gen-
erally made based on the Diagnostic and Statistical
Manual of Mental Disorders Il revised criteria in
patients with or without DM.* The disturbance in
memory impairment with at least one of the following is

© 2012 Japan Geriatrics Society

required for the diagnosis of dementia: abstract think-
ing, judgement, higher cortical function and personality
changes interferes with work or social activities. The
leading cause of dementia in diabetic patients is AD, as
is those without DM. DM patients often have cere-
brovascular disease, and clinical-pathological studies
support the notion that vascular lesions aggravate the
deleterious effects of AD pathology by reducing the
threshold for cognitive impairment.”

Pathogenesis of diabetes~associated
cognitive dysfunction

The precise mechanisms underlying T2DM-related
cognitive dysfunction or the development of dementia,
especially AD-type dementia, remain to be elucidated;
however, several hypothetical mechanisms have been
proposed (Fig. 1). To develop pharmacological and
non-pharmacological strategies for treating the diabetic
elderly with cognitive impairment, elucidating the
pathogenesis of this complication might be essential.

High glucose concentration, a major pathological
characteristic of diabetes, might have toxic effects on
neurons in the brain through osmotic insults and
oxidative stress, and the maintenance of chronic high
glucose also leads to the enhanced formation of
advanced glycation end-products (AGE).? AGE couple
with free radicals and create oxidative damage, which in
turn leads to neuronal injury,” and they also reactivate
microglia, the resident innate immune cells in the brain.
A wealth of evidence shows that activated microglia can
become deleterious and damage neurons.?

T2DM

Insulin resistance
(reduced insulin effects)

Hyperglycemia

Tau phosphorylation AGE, inflammation, ROS

AB “’
/ \ / Vascular damage
&« \/

Synaptic dysfunction Neuronal damage Neurovascular unit

\ l, dysfunction

Cognitive dysfunction

Figure 1 Pathogenesis of type 2 diabetes mellitus
(T2DM)-~associated cognitive dysfunction. Cognitive
dysfunction in T2DM is induced by multiple pathways.
Insulin resistance might be associated with Alzheimer's
disease pathology, and hyperglycemia induces advanced
glycation end-products (AGE) formation, inflammation and
reactive oxygen species (ROS) production, which might lead
to neuronal damage and neurovascular dysfunction.
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