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The Relationship between Type 2
Diabetes Mellitus and Dementia in
Elderly.
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Abstract:-

Background: Diabetes Mellitus is one of the most common chronic disease specifically in aging population. Diabetes
results from increase the level of blood glucose. There are many complications that associated with diabetes like cognitive
decline.

Objectives: The review aim to provide overview to T2DM and its pathogenesis. Also, to clarify the pathogenesis of dementia
and the association between type 2 diabetes and dementia in elderly.

Review of literature : High glucose level will cause accumulation of advanced glycation end products. These products
have likely toxic effects on neurons and will cause some changes in the structure of hippocampus. Accumulation of AGEs
can lead to create oxidative damage, which cause mitochondrial dysfunction. High glucose levels can lead to increased risk
of dementia in diabetic patients.

Conclusion: Aging is associated with insulin resistance and mitochondrial dysfunction which can lead to cause type 2
diabetes mellitus. Subsequently, patients with type 2 diabetes mellitus are at higher risk for development of dementia
compared with those without diabetes.

Thus, T2DM is strongly related to dementia and cognitive impairment that result from accumulation of Ap plaques and
Tau tangles in AD. The second way, T2DM could induce vascular dementia through alteration in cerebral blood vessels.
However, the exact mechanism that link T2DM with AD need more illustration.

Key words: “Aging “, “Alzheimer's disease “, “ cognitive dysfunction®, “ dementia “,“ insulin resistance “ ,“Type 2 diabetes
mellitus, and “vascular dementia “.
Abbreviations: (T2DM) Type 2 diabetes mellitus, (AD) Alzheimer’s disease (VD) vascular dementia.

*
INTRODUCTION : -

There are two major types of diabetes
type 1 and type 2. A third type, gestational
diabetes, occurs temporarily during the

iabetes Mellitus is a major metabolic pregnancy. @ Type 2 diabetes mellitus (T2DM) is
disorder that can have devastating effects resulting from insulin resistance which cause
on multiple organs in the body.»The number of reduced in insulin sensitivity and therefore
people affected by diabetes in Saudi Arabia was relative insulin insufficiency. There are many in
3.4 million cases in 2015. = vivo studies that demonstrate a correlation among
the mechanism of insulin resistance, and the
Diabetes can cause major public health formation of plaque and damaged neuronal
problem and multiple complications such as renal 31gnf’:1hn'g in AD. ‘”TZDM accelera}tes the cognitive
diseases, vision loss, neuropathy, cardiovascular declinein glder ly and incr easgd risk of'many types
disease and cognitive dysfunction » of dementia, such as Alzheimer’s disease (AD)

and vascular dementia (VD). »
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Dementia is a “general term for loss of
memory and other mental abilities severe enough to
interfere with daily life”. It is one of the most
common disease of later life caused by structural
changes in the brain. «There are about 4.6 million
recent cases of dementia that are predicted
worldwide annually.«

Alzheimer’s disease (AD) is the most common type
of dementia caused by formation of the neurofibrillary
tangles and neuritic plaques. »

Vascular dementia (VD) is the second types, it has
developed to occur of stroke which is caused by diseases of
small vessels and chronic brain ischemia. ©

In 2012, the World Health Organization jointly with
Alzheimer's disease International published that the number
of people who live with dementia worldwide is presently
estimated at 35.6 million and will double to 65.7 million by
2030. In 2050, number will increase and may reach 115.4
million. In addition, dementia accounted for 11.2 % of years
lived with disability in people aged 60 years or older. «

In Saudi Arabia, the most common type is AD
(51.9%), while VD (18.2%), mixed dementia (AD and VD)
15.6%, dementia with Parkinson's 7.8% and other types of
dementia is 6.5 %. »

Objectives: - The purpose of the current review is to
provide overview to type 2 diabetes and its pathogenesis. Also,
to clarify the pathogenesis of dementia and the association
between type 2 diabetes and dementia in elderly.

LITERATURE OF REVIEW:-

i. Overview of Type 2 Diabetes Mellitus: -

Type 2 diabetes mellitus is characterized by increasing in
blood glucose levels as a result to interplay of numerous genetic,
behavioral and environmental factors that lead to impair of
insulin action on target tissues and defective of pancreatic
beta cell insulin secretion in response to glucose. «

Type 2 diabetes mellitus is one of the most common
prevalent of chronic diseases worldwide. Since it represents
approximately 90 to 95% of diabetic cases. =

A study done by Naeem Z (2015) evaluated 16,917
Saudi subjects in the age group of 30-70-years over 5 years.
Data were collected from history, body mass index and
fasting plasma glucose levels. The data were analyzed to
allocate individuals as diabetic, impaired fasting glucose and
normal. Four thousand and four subjects (23.7%), out of
16,917 were diagnosed to have DM. Thus, the prevalence of
DM obtained from the study was 23.7% in KSA. «

e Main Causes of Type 2 Diabetes Mellitus: -

A study carried out by Hu FB et al (2001), reported
that T2DM occurs due to number of lifestyle factors; these
are obesity, physical inactivity, smoking, drinking alcohol
and sedentary lifestyles. Similarly stated that less active

@)

lifestyle and aging, increase the risk of T2DM. »

Recent study done by Olokoba et al (2012)
demonstrated that there is an inheritable genetic relation in
T2DM, having relatives increases the risks of developing
T2DM substantially. Concordance between monozygotic
twins is approximately 100%, and about 25% of those who
have a family history of DM. Recently, there is increasing in
the rate of occurrence of T2DM and this may due to share of
some environmental toxins. =

e Pathogenesis of Type 2 Diabetes: -

A study done by Taylor (2013) revealed twin cycle
hypothesis that demonstrated the pathogenesis of T2DM
(Figure 1): -

The first cycle is liver cycle, during high caloric intake for
long period, any excess carbohydrate should undergo
lipogenesis, which lead to increase fat deposition in the liver.
Also, insulin can stimulate de novo lipogenesis, individuals
who have an insulin resistance (which determined either by
genetic or lifestyle factors) will lead to accumulate fat in the
liver. In turn, the increased fatty liver will impair the ability
of insulin to suppress the production of hepatic glucose
which increase the deposition of fats.

The increase of glucose level in the plasma will lead to
stimulate increased basal insulin secretion rates to maintain
euglycemia. The hyperinsulinemia will increase the
conversion of excess calories to fats which deposit in the
liver. Fatty liver cause impaired fasting glucose metabolism
and increases export of VLDL triacylglycerol, which lead to
increase delivery of fat to all tissues, including the islets. The
pancreas cycle starts when excess fatty acids accumulate in
the pancreatic islet which lead to impair the secretion of
insulin in response to ingested food. Eventually, the fatty
acid and glucose inhibitory effects on the islets reach the
level that can cause a sudden onset of clinical diabetes. w

| Positive calorie balance |

Preexisting muscle
insulin resistance *"a

N Liver fat

™ VLDL ™ Islet
triglyceride triglyceride

Resistance to insulin
suppression of t—
glucose production

< Insulin response
to ingested glucose

™ Basal insulin
secretion

Pancreas
Cycle

glucose
Fig . 1. The twin cycle hypothesis of the etiology
of type 2 diabetes. '®

ii. Type 2 Diabetes and Its Relation to Age: -

A study in 2014 done by De Ta, reported that the
incidence of T2DM in older adult was more than twice that
of middle aged adults and it reached the peak at 60-74 years
of age. Normal aging is often correlated with a continuous
deterioration in the most of endocrine functions that may
lead to sever disturbances in metabolic homeostasis of the
body. Actually, aging is considered as the main cause for an
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impairment of glucose tolerance that occur in both humans
and experimental animals. This occurs through many factors
that mainly lead to beta cell dysfunction and insulin
resistance. «»

1) Aging and Beta Cells Dysfunction:

Kushner (2013) reported that pancreatic beta cells have
been undergo frequent turnover, studies suggested that cell
cycle entry of pancreatic beta cells may be severely limited in
elderly. The authors noticed that an aging would lead to
increase in lipofuscin content within the human { cells,
implying that human B cell turnover happens very
intermittently. »

In addition, a study done by De Ta (2014)
demonstrated that the regenerative capacity of the organs
decreased with age. Similarly, aging could lead to decline of
beta cell proliferation and affection of its secretory
capabilities through several attributed factors like:
mitochondrial dysfunction, mitochondria play an important
role in the physiological stimulus secretion of insulin from
beta cells. In these cells, mitochondria are acting as nutrient
sensors and signal generators for the secretion of insulin.
Thus, any damaging for mitochondria could result in
decreased beta cell function and subsequently decreased in
insulin secretion.

Also, there are other factors such as telomerase
deficiency and reduced the length of telomere which lead to
reduce the islet size and impairment in the replication
capacity of insulin-producing beta-cells; reduction in the
level of glucose transporter 2 (GLUT2) ; formation and
accumulation of advanced glycation end products (AGEs) ;
reduction in the expression of P2-adrenergic receptors ;
reduction in the response to glucagon like peptide-1 (GLP-
1) stimulation ; increased autophagy ; reduction in the
expression of pancreatic beta cell specific genes and
transcription factors such as PDX-1, (Figure 2) . »

SITY MITOCHONDRIAL
& SARCOPENIA DYSFUNCTION
MITOCHONDRIAL PEDUCED GLUT2
DYSFUNCTION LEVELS

ACCUMULATION
OF AGEs

HORMONAL CHANGES.

TELOMERES
OXIDATIVE
STRESS SHORTENING
IMPAIRED Coi+
INFLAMMATION HANDLING
REDUCED RESPONSE
REDUCED PHYSICAL
ACTIVITY TO GLr-1

INSULIN BETA-CELL
RESISTANCE ' DYSFUNCTION

AGE-RELATED IMPAIRMENT
OF 6LUCOSE HOMEOSTASIS

. 4
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Fig .2 . Schematic representation of the most important
pathophysiological factors which responsible of the age-related failure
of glucose homeostasis. '

2) Aging and Insulin Resistance: -

The term insulin resistance is indicated that
requirement of higher than normal circulating levels of
insulin is essential to sustain normoglycemia. At the cellular
level, insulin action, originated by the binding to its receptor

o}

on cell surface, which involves a series of signaling cascades
that can be summarized as follows: “receptor
autophosphorylation and activation of receptor tyrosine
kinase; tyrosine phosphorylation of insulin receptor
substrates (IRSs) 1 and 2; activation of phosphatidylinositol
3kinase (PI3K); activation of Akt and its downstream
mediator, AS160, which lead to stimulate the translocation
of insulin-mediated GLUT4 from intracellular vesicles to the
plasma membrane”. «

A study done by Evans (2013) reported that aging is
associated with increase nitric oxide (NO) production,
especially inducible nitric oxide synthase (iNOS), has also
been implicated in insulin resistance.

Also, Insulin resistance occurs due to sharing many
factors such as, obesity, mitochondrial dysfunction,
oxidative stress, hormonal change and reduced physical
activity (Figure. 2). This was in accord with De Tata (2014)
who stated that aging had a strong association with a decline
of insulin action. «

iii. Overview of Dementia: -

Chatterjee (2016) demonstrated that dementia is a
multifaceted syndrome that lays claim to a growing burden
of global disease. The newest estimates suggested that there
are 44 million affected individuals worldwide and a about
7.7 million new cases annually. There are many types of
dementia but the most common of them are Alzheimer’s
disease and Vascular dementia.

Dementia is a cognitive impairment. It describes a group of
symptoms that happen when brain cells stop working
properly due to either accumulation of specific protein or
stopping of blood flow to the brain.

e Main risk factors of dementia:-

The study done by Baumgart et al (2015) believed that
there was adequate evidence that support the link among
several modifiable risk factors and  increased risk for
cognitive decline (table 1). However, the strongest risk
factors for late onset Alzheimer's disease and other types of
dementia were age, family history, and genetic susceptibility
genes such as the Apolipoprotein E &4 allele. =

Table 1: -
The main risk factors for dementia. @

Modifiable risk factors of dementia

Diabetes
Mid-life obesity

Mid-life hypertension
Hyperlipidemia (elevated cholesterol)

Traumatic brain injury

1. Alzheimer’s disease (AD):-

Alzheimer’s disease is the most common type of
dementia. A study done by Mckhann, et al (2011) found that
the first symptom of AD was a progressively worsening of
the ability to memorize new information. =
In addition, there were other symptoms such as; losing
memory that affects daily life, challenges in solving
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problems or planning, facing difficulty to complete familiar
task at home or work trouble for understanding spatial
relationships and visual images, having problems with
words in writing or speaking, losing the ability to retrace
steps and misplacing for things. =

Alzheimer’s could be presented with behavioral symptoms
for instance; hallucinations, paranoia, delusions, and
psychosocial impairment, which could lead to withdrawal
from work or social activities.

A recent study done by Webster et al (2014) found
that increasing in aggressive behaviors were one of the
common behavioral symptoms of AD and present
themselves in 65% of patients and this occurs due to
dysregulation of different neurotransmitter like serotonin,
norepinephrine, GABA and dopamine. Also, depressive
symptoms were a very common in AD patients. The exact
prevalence of this was not known, but was believed to range
from as low as 2% to as high as 85%. =

. The pathogenesis of Alzheimer’s disease. :-

A study conducted by Alzheimer's Association
(2014) reported that the brain of healthy adult consists
approximately of 100 billion neurons, with long, and
branching extensions. These extensions help neurons to form
connections with other neurons and form synapses, which
help transfer the information between neurons. =

The number of synapses in our brains are close to
100 trillion synapses. The numerous synapses can allow the
signals to travel through the brain’s circuits, thoughts,
creating the cellular basis of memories, emotions,
movements, sensations and skills. Alzheimer’s disease
effects on the appropriate functioning of neurons and
synapses by a progressive loss of neurons in cerebral cortex,
especially pyramidal cells, which help to mediate higher
cognitive functions.

The previous study showed that Alzheimer's was
developed due to accumulation of the protein beta-amyloid
outside neurons (called beta-amyloid plaques AB ). AB
plaques would cause neurotoxicity and feature of the
pathophysiological processes downstream Ap. Their origin
can be axonal or dendritic. AP Plaque will lead to
desensitization of insulin receptors and decrease synthesis of
insulin-degrading enzyme (IDE) which degrades AP
plaques.

A study done by Blazquez, et al (2014) showed that
reduction in the amounts of IDE would lead to great
deposition of amyloid which cause cells death.«

Alzheimer's Association (2014) found that in
Alzheimer’s disease, the information transfer at synapses
began to fail, the number of synapses declines, and neurons
eventually die. The brains of people with advanced
Alzheimer’s showed dramatic decrease in volume and
shrinkage due to loss of cell and widespread debris from
dead and dying neurons.

In addition, a study carried out by Bedse, et al (2015)
demonstrated that there was accumulation of tau tangles
inside the neurons which could lead to block the transport of
nutrients and other essential molecules in the neuron
through impaired the insulin signaling which could result in
activation of glycogen synthase kinase3p that cause
enhancement of phosphorylation of tau protein and
formation of neurofibrillary tangles which would cause
death of cells.=

Y

2. Vascular dementia: -

According to study done by Lemolo, et al (2009)
demonstrated that vascular dementia meant "disease with a
cognitive impairment resulting from cerebrovascular
disease and ischemic or hemorrhagic brain injury”. It is the
second most common type of dementia.

Alzheimer’s Society (2014) approved that reducing
of blood supply to some region in the brain due to
cerebrovascular diseases. The brain cells need a constant
blood supply to bring enough oxygen and nutrients to be
healthy and to do its function properly. If the vessels in the
brain were damaged either they became leaky or blocked
then the blood could not reach the brain cells in enough
amount and they would finally die. This death of brain cells
could lead to problems with thinking, memory or reasoning.
Age considered the greatest risk factor for vascular
dementia. A person’s risk of developing vascular dementia
doubles about every five years over the age of 65 years old.
However, under the age of 65 vascular dementia was
uncommon and affected less than 8,000 people in the UK.
Men were at higher risk of vascular dementia than women.

In 2014, the study was done by Song, et al revealed
that a person who had a previous stroke, diabetes or heart
disease, was about twice as likely to develop vascular
dementia. There are some studies suggest that a history of
depression, cardiovascular disease like hypertension,
hypercholesterolemia and being overweight in mid-life may
increase the risk of vascular dementia. =

iv. T2DM and cognitive dysfunction: -

A cohort of Japanese-Americans in Hawaii study
done by Peila, et al (2002) showed that type 2 diabetic
patients had a 1.8-fold greater risk for developing AD and a
2.3-fold higher risk for vascular VD. »This was in accord
with a study done by Arvanitakis, et al (2004) who
demonstrated that T2DM subjects approximately have 65%
risk of developing AD. «

In contrast, a study done by Schneider et al (2006)
on 233 older subjects, about 15 % of them are diabetic
patients. The study showed that T2DM was associated with
increased odds of infarction (OR = 2.47, 95% CI: 1.16, 5.24).
However, there was not associated with AD pathology

In other hand, A meta-analysis studies done by Cheng,
et al (2012) demonstrated that the relative risk of AD among
506 subjects with T2DM was 1.46 (1.20-1.77) compared with
36,191 subjects without T2DM. For vascular dementia, the
relative risk was 2.5 (2.1-3.0), between 3,519 subjects with
T2DM and 23,026 subjects without. =

The prevalence of DM in Saudi Arabia is very high. Ina
study carried out by Ghassan (2016) evaluated the influence
of type 2 diabetes mellitus on cognitive function. The study
started from June to July 2012 in the outpatient department
of King Abdulaziz University Hospital (KAUH), Jeddah, this
study admitted a total of 171 outpatients with diabetes,
matched with 68 controls if they were aged 45 years old or
more than it. The participants underwent some cognitive
assessments such as the Montreal Cognitive Assessment Test
(MoCA), and the Rowland Universal Dementia Assessment
Scale (RUDAS). Diabetic patients were more acceptable to
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have less performance than controls in term of RUDAS score,
and this association perseveres after adjustment for age,
gender, education level. «

v. Underlying mechanism of cognitive
dysfunction in T2DM

Umegaki (2014) found that the exact mechanism
underlying T2DM was related to the development of
dementia, especially Alzheimer’s disease was needed more
illustration. However, there were many hypothetical
mechanisms have been proposed.

. Insulin Resistance (IR): -

The abnormalities of blood glucose and IR may be
associated with acetylcholine (Ach) synthesis because
insulin help in regulation of Ach transferase expression.
Ach is a neurotransmitter which has a critical role in
cognitive function, it may cause cognitive impairment in
diabetic patients. ©

e  Neurogenesis: -

A study conducted by Lang, et al (2009) showed that
T2DM could decline the neurogenesis that happen in the
hippocampus region which plays an important role in
memory and learning. «

e  Vascular dysfunction: -

De Bresser, et al (2010) reported that dysfunction of
cerebral autoregulation with increasing age along with
structural and functional changes in cerebral blood vessels
due to diabetes mellitus. These phenomena may cause
functional deficits in neurons and which lead to increase in
neuronal degeneration and the susceptibility to hypoxia and
ischemia. Also, impaired neurovascular units would cause
BBB leakage. Recently, the hypothesis of vascular
dysfunction may impair the drainage pathways of AB from
the brain parenchyma and thus increase accumulation of AB
plaques have been drawing interest. Vascular dysfunction
could be associated with the progression of amyloid
pathology. «

e  Blood-brain barrier (BBB): -

A study done by Umegaki (2014) showed that diabetes
was associated with BBB dysfunction which may cause
cognitive impairment. The previous observations for biopsy
that took from brain tissue of AD subjects showed BBB
breakdown in several respects. These include thickening of
the basement membranes, thinning of the endothelium,
mitochondrial dysfunction, and increase the accumulation of
focal AP peptides. »

. Hyperglycemia: -

A recent longitudinal study over 6 years which done by
Crane, et al (2013) also reported higher level of blood glucose
could increase risk of dementia in both diabetes and non-
diabetes subjects. =

A study done by Umegaki, (2014) found that high blood
glucose level would cause forming of advanced glycation
end products (AGEs). These products had potentially toxic
effects on neurons and would cause multiple changes in the
structure of hippocampus. AGEs with free radicals could
lead to create oxidative damage, which would cause
mitochondrial dysfunction.»

. Inflammatory mechanism: -

A study conducted by Badawi,et al (2010) showed
that inflammations had an important role in insulin
resistance and T2DM. The innate immunity that stimulated
in response to multiple genetic and environmental factors
could lead to activation of macrophages and release
inflammatory cytokines which lead to downstream for
insulin signal and activation of glia which cause damages the
neurons. «

CONCLUSION:-

The aim of this literature review was to provide an
overview to T2DM mellitus and its pathogenesis, to clarify
the pathogenesis of dementia and to determine the
relationship between type 2 diabetes mellitus and dementia
(AD and VD) in elderly.

Aging is associated with insulin resistance,
mitochondrial dysfunction and beta cell dysfunction which
can lead to cause T2DM. Subsequently, patients with type 2
diabetes are at higher risk for development of dementia.
Thus, T2DM is strongly related to dementia and cognitive

impairment that result from accumulation of Af plaques and
Tau tangles in AD. Therefore, T2DM can accelerate the
pathologies of AD, which can lead to neurodegeneration and
brain atrophy. The second way, T2DM could induce vascular
dementia through alteration in cerebral blood vessels that
result either by breaking down of BBB or progression of
amyloid pathology. However, the exact mechanism that link
T2DM with AD need more illustration.
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