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ABSTRACT
Diabetes is mainly a metabolic disorder while Alzheimer’s disease is a neurodegenerative disease (AD). Diabetes mellitus is
mainly specified by impaired insulin signaling and increased blood glucose levels. AD on the other hand is one of the most
common causes of dementia and is characterized by amyloid beta plaques and neurofibrillary tangles in the brain. Clinical
data reveals that patients suffering with diabetes are more vulnerable to Alzheimer’s AD. However, the exact correlation
between the two diseases is still obscure. The specific markers which may denote the link between the two pathologies have
not been identified yet. Interestingly, several metabolic studies have pointed out towards indirect pathophysiological links
between diabetes and AD. One of the major links among others is the insulin signaling pathway which is found impaired in
both the diseases. Abnormal protein aggregation, mitochondrial dysfunction and ER stress are some of the other clinical
pathologies common between the diabetes and AD. This review focuses on bringing out the various possible molecular links
between AD and Diabetes to create an understanding for identifying potential biomarkers and better treatment strategies for

the two diseases.
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INTRODUCTION

Diabetes and Alzheimer’s have been linked to each other for
quite some time [1]. Both the diseases share common
pathology which includes deregulated glucose homeostasis
and impaired brain function. Impaired glucose tolerance
impacts cognitive processes leading to loss in processing
speed and verbal memory. Extensive research suggests that a
connection exists between the two and that correction in the
dysregulation in the blood sugar level should prove to be an
effective strategy to prevent or treat AD. Though a clarified
explanation is not yet available yet however, research
suggests that people with diabetes mellitus are at a higher
risk of developing Alzheimer’s like dementia [2]. The failure
in the clinical trials stage for AD drugs may be mainly
attributed to the approach to therapeutic strategy. The
scientific community has so far focused their entire attention
on one particular solution for AD. Since multiple factors are
responsible for the development of this complex
neurodegenerative disease a multitude of strategies should
be employed as a therapeutic strategy. This approach for
curing AD somehow remains ignored.

ALZHEIMER'’S DISEASE

Alzheimer’s disease (AD) is a  progressive
neurodegenerative disease. The pathological hallmarks of
AD include extracellular AP plaques and cerebral AP

angiopathy, hyperphosphorylated tau, synaptic loss and
neuronal death [3,4]. Clinical characterization of AD
includes gradual impairment of cognitive functions
ultimately culminating in death. Regions of the brain
affected in AD include the hippocampus, the amygdala, the
frontal and temporal cortex. A German psychiatrist and
neuroanatomist, Alois Alzheimer reported the presence of
peculiar severe disease process of the cerebral cortex in the
brain samples of his patient Mrs. Auguste Deter [5]. Her
symptoms at the time of admission to hospital included
paranoia, progressive sleep and memory disorders, phrenic
malfunctioning,  aggression, delirium and  protein
accumulations. Onset of the autosomal dominant form of
AD occurs at an early age which could be attributed to
mutations in amyloid precursor protein (APP), Presenilinl
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(PS1) and Presenilin2 (PS2) [6]. These mutations cause
alterations in APP processing resulting in abnormal
production of amyloid B (AP) peptides. Genetic variations
occurring in APP causing increased production of it could be
the cause of late onset AD. Sequential processing of the APP
protein leads to the generation of amyloid peptides. Amyloid
beta is cleaved into 39-42 amino acid peptide by proteolytic
cleavage of APP by [ secretase and y secretase respectively
[7]. Of these the 1-42 amyloid beta peptide has been shown
to have more toxic effects than the other shorter species.
Alzheimer’s disease being a multifactorial disease is caused
by complex interactions between genetic, epigenetic and
environmental components. The extracellular Ap plaques
exert toxicity by acting as physical hindrances to synaptic
transmissions and by activating pathogenic cellular cascades
[8]. Source of toxicity is not limited to the extracellular
amyloid plaques. The soluble amyloid beta accumulating in
the cells also exert huge neurotoxicity and cause death of
cells. This intracellular abnormal accumulation of A is the
result of an imbalance between three mechanisms linked to
amyloid beta processing, AP (i) production, (ii) aggregation
and (iii) clearance [9]. Targeting intracellular A may prove
to be a promising therapy for AD. The neurofibrillary
tangles consist of hyperphosphorylated tau protein. The
physiologic function of Tau is to stabilize the microtubules,
regulate microtubule dynamics, axonal transport and neurite
outgrowth. Once phosphorylated dysfunctional tau now acts
as a determining factor for AD pathogenesis. Abnormal
hyperphosphorylation tau along with its incorporation into
neurofibrillary tangles (NFTs), presence dystrophic neurites
surrounded by neuritic plaques (NP) and neuropil threads are
the other major pathological hallmarks of AD [10]. The
pathognomonic features of AD are abundant in the
entorhinal cortex, hippocampus, amygdala, frontal, temporal
and parietal lobes, and subcortical nuclei.

DIABETES

Type 2 diabetes is one of the most common chronic
metabolic disorders. Diabetes can be classified into three
broad types. Type 1 diabetes, Type 2 diabetes and
Gestational diabetes (GDM) [11]. Type 1 diabetes mellitus
(T1DM) accounts for approximately 5% to 10% of Diabetic
cases and is characterized by an autoimmune anomaly which
causes destruction of self-insulin-producing beta cells in the
islets of the pancreas [12]. This results in a deficiency of
insulin in the system. The autoimmunity may be developed
due to genetic vulnerability and the impact of environmental
factors such as viral infection, toxins, or some dietary factors
[13]. TIDM is most commonly prevalent in children and
adolescents though it can develop at any age. Around 90%
of diabetic patients suffer Type 2 diabetes mellitus (T2DM).
Insulin resistance i.e., a diminished response to insulin is
generally observed patients suffering with T2DM [14]. In
this condition, in order to maintain glucose homeostasis
initially an increased insulin production by the system tries
to overcome the ineffective insulin. However, over time, the
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production of insulin decreases, thus resulting in T2DM
[15]. T2DM is most commonly seen in older population
though cases among children, adolescents are also reported.
The third type is the Gestational Diabetes Mellitus (GDM)
[16]. This is detected during pregnancy and is also known as
hyperglycemia. GDM may be accompanied by several
complications like hypertension, preeclampsia, and
hydramnios which may require operative interventions [17].
In TIDM the autoimmune destruction of pancreatic cells is
cellular mediated and is generally genetically predisposed.
The major histocompatibility complex (MHC), also known
as human leukocyte antigens (HLA), is reported is reported
accountable for familial aggregation of TIDM [18]. Latent
autoimmune diabetes seen in adults (LADA) is another rare
form of TIDM observed [19]. It generally has a slow onset
and exemplifies in adulthood. The autoimmunity developed
in the system is strong enough to detect antibodies against
islet cells, insulin, glutamic acid decarboxylase-65 (GAD-
65), and zinc transporter 8 (Zn T8) in the patient’s serum
[20]. These antibodies destroy the beta cells thus curbing the
amount of insulin secreted by the pancreas. T2DM on the
other hand is an insulin-resistance condition which is also
associated beta-cell dysfunction. Initially, the system tries to
compensate for the loss by increase in insulin secretion. This
maintains glucose levels in the normal physiologic range.
However, as the disease progresses, more and more
dysfunctional beta cells are produced. The system’s
compensatory mechanism is unable to maintain the
increased insulin production, impairing glucose homeostasis,
producing hyperglycemia [21]. It is observed that the
diabetic patients are generally obese having high body fat
deposition [22]. This INCREASED store of adipose tissue is
responsible for promoting insulin resistance through
mechanisms which include inflammation high release of free
fatty acid and adipokine impairment [23]. The complications
arising in diabetes affect several organs simultaneously.
These include the eye, brain, kidney, liver and heart [24,25].
Diabetic conditions have been studied to regulate
atherosclerosis arising in the cerebral arteries which may in
turn lead to changes in cerebral blood flow.

UNDERSTANDING THE LINK BETWEEN AD AND
DIABETES

Growing epidemiological evidence shows patients suffering
with diabetes are more likely to develop AD. Vascular
dementia is caused by diabetes as it is known to cause
damage to blood vessels. This results in reduced blood flow
to the brain thus damaging it which in turn might lead to
dementia. People suffering with diabetes undergo changes in
the brain which are similar to those observed in Alzheimer’s
or dementia [26]. Scientists are coming to believe that each
condition fuels the causes that result in damage of the other
condition. Diabetes has been found guilty in inducing Mild
Cognitive Impairment (MCI) [27]. This may lead to adverse
dementia observed in AD. Results indicate that there is an
imbalance of oxidation and antioxidant capacity in diabetic
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patients [28,29]. This condition further worsens the situation
leading to more oxidative stress, disruption of fission and
fusion of mitochondria, anomalies in the biological functions
and mutations in the mitochondrial DNA. As a result of
these events brain energy supply is insufficient thus making
the brain more vulnerable to cognitive dysfunction and
memory impairments [30,31].

There is enough ongoing research aiming to understand the
link between diabetes and dementia. The link might lie in the
manner diabetes regulates the brain and other body tissues to
utilize glucose and respond to insulin. Research is being
carried on to understand the connection between the two,
however the recent clinical trial of intranasal insulin showed
no effect in improving cognition [32].

Molecular Connections

Abnormalities in diabetes lead to overproduction of
advanced glucose end products (AGES) and reactive oxygen
species (ROS) [33]. Both these pathologies are a common
feature observed in aging. The role of insulin has been quite
interesting in contributing to the link between the two
diseases. Experiments suggest that Insulin acts as a
neurotrophic factor having several neurotrophic properties in
the brain [34]. Clinical evidence proves that patients
suffering with Alzheimer’s disease have low levels of
insulin in their cerebrospinal fluid [35]. Interestingly clinical
hyperinsulinism has been identified as a risk factor for AD
[36]. If insulin is neurotrophic then its excess availability
should not affect the functioning of the brain. This
paradoxical finding can be explained simply through the
concept of competition [37].

Key player

IDE: Though insulin is a neurotrophic factor, yet increased
levels of it leads to competition with amyloid beta for insulin
degrading enzyme (IDE) [38,39]. IDE is a very prominent
clearance mechanism for amyloid beta [40]. IDE being
highly selective for insulin ultimately leads to reduced
clearance of amyloid beta. Moreover, hyperglycemia and

hyperinsulinism exacerbates both oligomerization of
amyloid beta and hyperphosphorylation of tau [41,42].
PROTEIN PERTURBATIONS

Protein accumulation is a common feature in AD and other
neurodegenerative diseases. In AD, aggregations occur of
the amyloid beta peptides which are the cleaved product of
APP. These accumulations can be both intracellular and
extracellular. Intracellular aggregations are generally soluble
in nature but highly toxic [43]. They not only alter the
oxidation levels of cells but also lead to dysregulation of
intracellular protein trafficking ultimately leading to death of
cells. The extracellular aggregations are more commonly
referred to as the amyloid plaques which act as physical
obstructions to synaptic transmissions leading to memory
impairment [44]. The role of Insulin in activating protein

Saleem S

biosynthesis, inhibiting protein decomposition and
improving protein metabolism is well established [45].
However, since insulin secretion is itself compromised in
diabetic conditions the protein synthesis mechanism also
suffers thus leading to protein metabolic disorders [46]. Islet
amyloid peptide (IAPP) or amylin is a key protein
responsible for protein pathogenesis in T2DM [47].

Key players

hIAPP & APB: Amyloid Precursor Protein (APP) is
sequentially cleaved by the § and the y secretases to produce
the toxic amyloid beta peptide (42 amino acids) [48]. This
peptide then aggregates to form oligomers and fibrils within
the cell and plaques outside the cell [49]. Similar to amyloid
beta accumulations in the AD brain, there occurs islet
amyloid deposits in the pancreas of patients with diabetes
[50]. The amyloid that aggregates in the islets is a product of
proteolytic processing of the human islet amyloid
polypeptide (hIAPP) and is 37 amino acids long [51].
Almost 90% of the patients suffering with diabetes also have
pancreatic islet amyloid accumulations [52]. These amyloid
aggregates in the pancreas are generally associated with
decreased P cell mass. The hIAPP fibrils resemble both
structurally and morphologically to the amyloid beta fibrils
in AD [53]. The APP possesses some vital physiological
functions like neurite growth and long-term potentiation
(LTP) by controlling release of calcium ions [54,55].
Similarly, the hIAPP has been reported to inhibit glucose-
stimulated insulin secretion. Mice lacking hIAPP show
enhanced insulin secretion thus display improved glucose
tolerance [56]. Both amyloid beta and hIAPP form early
aggregate intermediates [57,58]. Further, just as amyloid
beta oligomers are more toxic and cause cellular
perturbations in the neurons the soluble hIAPP oligomers
have been reported to induce apoptosis of the beta cells
[59,60]. Reports also suggest a similarity in the mechanism
of action of toxicity induction between amyloid beta and
hIAPP [61,62].

MITOCHONDRIAL DYSFUNCTION

Mitochondria generally considered as the powerhouse of the
cell play significant physiologic functions including
production of free radicals, oxidative respiration,
metabolism of energy and apoptosis [63]. The efficient role
of mitochondria in delaying ageing and neurodegenerative
diseases has also been reported [64]. The mitochondria of
the brain function overtime to supply the high brain energy
demand thus making themselves more vulnerable to
mitochondrial disorders [65]. Once the functionality of the
mitochondria is disrupted, they tend to produce more
reactive oxygen species (ROS), reactive nitrogen species
(RNYS), super oxide dismutase (SOD) and less of ATP which
resembles the oxidative imbalance observed in AD [66]. A
dysregulated mitochondrion leads to disruption of calcium
homeostasis, causes apoptosis, abnormalities in the electron
transport chain and memory impairment [67]. Interestingly,
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it has been observed that the mitochondrial genes are
missing in Type II Diabetes (T2D) animal models [68-72].
Both AD and diabetic patients display an increased
expression of ROS and RNS [73].

Key Player

(PGC-1a): Proteins such as peroxisome proliferator
activated receptor gamma coactivator la (PGC-1a) plays a
role in the biosynthesis of the mitochondria [74].
Interestingly, decreased levels of PGC-lo proteins are
observed in both AD patients [75] and diabetic mice [76]
which could be responsible for decreased biosynthesis of
mitochondria and impaired peroxidation of mitochondrial
fatty acids [77].

ANOMALIES IN LIPID METABOLISM

Brain lipid composition is high [78]. The various types of
lipid found in the brain are glycerophospholipids,
sphingolipids, and cholesterol [79]. Presence of adipose
inclusions have been reported in AD patient brain samples
[80] whereas, high lipid oxidation products are observed in
brain tissues from AD mice models [81]. Similarly, diabetic
patients  display increased adiposity, triglycerides,
hyperlipidemia and low-density lipoprotein cholesterol
(LDL-C) and decreased high-density lipoprotein cholesterol
(HDL-C) [82]. Thus, abnormal lipid metabolism is a
common feature of both AD and diabetes.
Hypercholesterolemia arising due to impaired lipid
metabolism may promote pathogenesis attributed to amyloid
beta in the brain. 3xTg-AD mice fed with a high-fat diet
have been observed to display increased inflammation in the
brain, glucose intolerance, tau phosphorylation, increased
soluble amyloid beta concentration and impaired memory
[83]. Most interestingly, a single dose of insulin helped
reverse the deleterious effects partly by mediating amyloid
beta production and clearance [84].

Key player

APOQOE4: Reports implicate the role of Apolipoprotein E
allele4 in AD as well as diabetes [85]. It has been shown to
bind to amyloid beta peptide and thus regulate its
aggregation [86-88]. Expression of APOE4 in a diabetic
condition increases more than five times the vulnerability of
developing AD [89,90]. Abnormal Lipid metabolism is
therefore a common pathogenesis in both AD and diabetes.

ER STRESS

The endoplasmic reticulum (ER) is regarded as the site of
synthesis of proteins. It is responsible for folding of all types
of proteins, secreted or membrane-bound proteins. Some of
the important factors required for proper protein folding to
facilitate disulphide-bond formation are ATP, Ca®* and an
optimum oxidizing environment. The ER therefore is highly
vulnerable to stresses that possess the ability to disturb the
cellular energy levels, the physiological redox levels or Ca**
concentration of the cell [91]. Such stresses adversely affect
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the ER, they impair its protein folding capacity, thus leading
to accumulation and aggregation of unwanted unfolded
proteins [92,93]. This condition is referred to as ER stress
[94]. Accumulation of unwanted proteins within the cell is
toxic. Recent studies indicate the active role of Endoplasmic
Reticulum stress in promoting apoptosis and autophagy of
cells [95,96]. In order to overcome the exacerbating effects
of ER stress, cells have evolved a collection of protective
strategies, referred to as the unfolded protein response
(UPR) [97]. The protective UPR is mediated through three
of the ER transmembrane receptors, namely pancreatic ER
kinase (PKR)-like ER kinase (PERK), activating
transcription factor 6 (ATF6) and inositol-requiring enzyme
1 (IRE1) [98]. Under normal conditions all the ER stress
receptors remain inactive in association with the ER
chaperone, glucose-regulated protein78 (GRP78) [99].
Under stress conditions GRP78 disrupts the association with
the three receptors and dissociates from them thus leading to
the upregulation of the UPR [100]. The UPR is mainly a
protective mechanism however, if there occurs a continuous
unresolvable aggregation of proteins the UPR renders
ineffective leading to death of cells [101]. The molecular
mechanisms involved in these events are not quite well
studied and are only emerging now. The role of a
pseudokinase, Tribbles 3 is of interest in this scenario [102].

Key player

Trib3: Trib3 is a mammalian ortholog of the Tribbles gene
found in the Drosophila [103]. Trib3/TRB3/Tribbles3 is a
pseudokinase which is upregulated in response to ER stress
[104]. Though it is responsible for several physiologic
functions including glucose regulation and tumor cells
migration it has also been reported to increase expression
levels in several stress conditions induced by hypoxia, 6-
hydroxy dopamine, deprivation of growth factor, anoxia and
ethanol exposure [105,106]. Once upregulated it activates a
cascade of genes downstream which are responsible for cell
death [107]. Trib3 has been reported to inhibit Akt resulting
in increased autophagy and apoptotic death of neuronal cells
[108-110]. Upregulation of Trib3 has been observed in both
AD [111] and diabetes [112]. Trib3 impairs insulin signaling
by increasing phosphorylation of insulin receptor 1 (IRS-1)
at the serine residue and reducing activation of Akt [113]. It
further reduces activation of Akt induced via insulin by
physically binding with Akt and reducing exposure of the
serine threonine active sites [114,115].

CONCLUSION

Epidemiological studies have revealed that diabetes is
associated with AD and patients suffering with diabetes are
at a higher risk of developing AD [116]. In spite of presence
of several links into the metabolic anomaly of the two
diseases, the exact specific mechanism which might link the
two is still elusive. Diabetes leads to impaired insulin
signaling, mitochondrial dysfunction and vascular changes
in the brain [117,118]. While neurodegeneration in AD leads
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to increased amyloid deposition and tau phosphorylation,
hyperglycemia and accelerated rate of advanced glycation
end product (AGE) formation [119]. Further, it must be
borne in mind that both the diseases are highly
heterogeneous [120,121]. A multitude of factors may be
acting simultaneously to bring about the overt connection.
Focusing on a single factor may prove ineffective when
actually several interactions at molecular, cellular and
systemic levels are at play. Extensive studies in this area are
required to unravel the complexities of this association.
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