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Abstract

Alzheimer’s disease (AD) is a disorder which is today treated and approached at the crossroad of two medical specialties — psychiatry and
neurology. The insidious onset which can often mimic depressive disorders or other type of psychiatric disorders, the behavioral changes, the
paranoid thoughts usually send people to the psychiatrist, while the brain changes observed on magnetic resonance imaging (MRI) scans
and other imaging techniques may indicate the need for neurological monitoring also. The complex symptomatology and progression of this
dementia requires a multidisciplinary approach and recent studies focused on adding a third perspective: a metabolic one. The common
findings regarding type 2 diabetes and AD made some researchers to informally name it “the third type diabetes”. This mini review aims to
highlight the mechanisms through which brain insulin resistance can lead to cognitive impairment and to make a short overview of the current

findings which demonstrate why insulin may be a promising adjunctive treatment of Alzheimer's dementia, for certain patients.
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=& Introduction

Alzheimer’s disease (AD), as a chronic disorder with
a progressive neurodegenerative effect, can be categorized
in two types: the one with late-onset and the early-onset
one. Patients with early onset are less than 10% from
all the patients suffering of AD. Most of the 50-60%
of population develop AD usually over 60 years, with a
severe form of the illness in approximately 10% over 65
years, all of them with a dramatic life changes in the life
of the patient. It is estimated that by 2050 the number of
Alzheimer’s patients diagnosed globally will be around
140 million. At the same time, a powerful effect lies in
the life of the patient’s family and friends. This puts an
increase pressure on the life of everyone near the patient,
from the social, psychical to financial point of view. The
increase of the life’s expectancy of the population will
have a high impact in the number of the patients diagnosed
with AD making the people more aware about this illness
and putting a higher social pressure on the society.

= AD and immunological changes

Efthymiou & Goate research related to Alzheimer’s
dementia has focused on identifying microglial clearance
of amyloid beta (Ap) plaques, that leads to neuronal
degeneration through the accumulation in time of Ap,
correlated with the impossibility to regulate the phagocytic
function of these cells [1]. At the same time, several recent
researches focus on the lifelong neuroinflammation and
immunological changes of an Alzheimer’s patient; it is
known that AD acts before the detection of clear clinical
symptoms. Longitudinal clinical follow-up studies in ApS-

positive mild cognitive impairment patients have shown
a higher risk of converting to AD.

At the same time, Efthymiou & Goate research
highlights a variety of immunity-related genes that make
a relative contribution to the development of research
related to AD. They are involved in a wide range of immune
functions. We refer here to the genes: apolipoprotein E
(APOE) (the presence of its ¢4 variant — as a risk factor
of developing AD), bridging integrator 1 (BINI) (over-
expressed in brain for AD and it also modulate the level
of the fau pathway), cluster of differentiation 33 (CD33)
(increase expression associated with increased plaque
burden), clusterin (CLU), complement receptor 1 (CRI) (its
increase is associated with more active microglia), inositol
polyphosphate-5-phosphatase D (INPP5D) (expressed in
microglia; its high expression is associated with high AD
risk), phosphatidylinositol-binding clathrin assembly protein
(PICALM) (involved in clathrin-mediated endocytosis that
is an important step in the intracellular trafficking of
proteins linked with neuronal function through synaptic
vesicle cycling), phospholipase C gamma 2 (PLCG?2)
(expressed in brain microglia; low activation gives
protection against AD), membrane spanning 4-domains
A6A (MS4A464) (mouse ortholog to MS446A — selectively
expressed in myeloid cells and implicated in AD) and
triggering receptor expressed on myeloid cells 2 (TREM?2)
(associated with low binding apolipoproteins, including
CLU). These genes were identified in whole genome
sequences and genome-wide association study (GWAS)
analyzes [1, 2]. Recent Fox et al. study has established a
link between the risk of developing AD and the time a
woman spends cumulatively during all the pregnancies
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she has had. Throughout life, the immunological changes
that take place, especially in the first trimester of pregnancy,
protect the woman so that in the future she reduces her risk
of developing Alzheimer’s dementia. The pathophysiology
of Alzheimer’s dementia is associated with immunological
changes and systemic inflammatory processes, as well
as increased proliferation of regulatory T-cells (Treg).
These are usually modulators, which modify the immune
system, making it more adaptive, thus protecting the one
in question from the early development of Alzheimer’s
dementia [3]. Treg cells play a key role in maintaining
pregnancy, by supporting tissue hemostasis and by
increasing immune tolerance. This is not the case when
it comes to “toxic pregnancies”. Neuroendocrine changes
are directly related to the onset of AD by increased
cytotoxic activity and increased tumor necrosis factor-
alpha (TNF-a), pathophysiological conditions that lead
to decreased cognitive function of the patient (deficient
actions in anticipation, planning, sequencing, operationa-
lization and retroactive feedback). Morphopathologically,
we are dealing with the reduction of brain volume in the
hippocampus and temporal lobes, while from an immuno-
logical point of view, there are immuno-neuroendocrine
changes [4]. From clinical symptomatology point of view,
we are talking about the progressive decrease of the capacity
to operationalize on abstract terms and on generalization
terms, with reduction to the functioning in concrete and
particular life area.

The adaptive immune system is ruled by the T- (that
gives a cell-mediated response) and B- (that initiate an
antibody response) lymphocyte cells. The activation of the
adaptive immune system seen through significant modi-
fications in frequencies of lymphocyte subpopulations,
complicated by crossing the blood-brain barrier (BBB)
through the release of cytokines by the effector T-helper
(Th) cell immune response, trigger the events leading to
neuroinflammation. In this way, increased frequencies of
Thl and Th17 cells indicate a pro-inflammatory signature
for neurodegenerative AD [5]. Thl releases interferon-
gamma (IFN-y) that has a neurotoxic effect mediated by
activated microglia in AD patients and Th17 releases
interleukin-17 (IL-17) cytokine — also directly associated
with the risk of cognitive impairment. The limitations of
such studies come from the fact that they are performed
on postmortem subjects or on animals, mainly mice.

Older adults go through a large number of immuno-
logical changes: thymus involution, decreased production
of T-lymphocytes, impairment of pre-existing lymphocytes,
impaired functioning of B-lymphocytes, cytokines, decreased
killer macrophage cells. All these changes demonstrate a
decrease in the ability of the immune system to counteract
diseases, be they infectious, multipliers, karyogenesis and
neoplasms, neurodegeneration. Changes in neuroendocrine
functions cause changes in bidirectional communication
between the immune system and the endocrine system.
Such concepts, such as immune senescence or endocrine
senescence, are current. Both can be caused by psycho-
social stressors, trauma, abuse, mourning or seem to be
the consequence of declining adaptive internal resources.
At the same time, decreases the capacity of defense
mechanisms to cope, reduces the network of social or
family support, decreases community support for the

elderly. The feelings of anxiety return with the fear of the
irreversibility of the loss of cognitive functions, but also
of emotional losses of loved ones in everyday life. This
is frustrating and frightening for patients who are still
aware of their memory loss. In the American literature,
this brings into question differential diagnoses, such as
dissociative identity disorder [6]. We are talking about
transient amnesias, the mechanism being also of disso-
ciative order in Alzheimer’s dementia, but the neuro-
degenerative nuance predominates, while in dissociative
pathologies, the importance of stressors predominates
when they are starting at younger ages.

The oxidative stress that precedes the AD damage,
present also at the normal people during ageing, is due
to oxidizing free radicals released by a dysfunctional
mitochondrion. Af is the prime initiator of oxidative
damage. The Ap is generated after enzymatic cleavage by
f- and y-secretases of the amyloid precursor protein that
is expressed especially in the central nervous system
(CNS). It has a leading role in the development of the
brain, memory, and synaptic plasticity. The increase levels
of Ap associated with an increase level of oxygenation
levels from protein, lipids and nucleic acids have been
identified in hippocampus and cortex. In hippocampus,
the increased level of Af has been identified through
the oxidizing of low-density lipoprotein receptor-related
protein 1 (LRPI) protein that is involved in the efflux
that crosses the BBB from the brain to the blood [7, 8].

Age-related changes in the immune system are common
and known as immune senescence. With increasing age, the
body becomes more sensitive to infections, inflammation,
wound healing. Thus, Alzheimer’s dementia reaches the
top five as the cause of death, after heart disease, respiratory
disease, stroke. This suggests the difficulties faced by
relatives in caring for the elderly, especially those with
AD or other forms of dementia. This becomes important
due to the increased emotional stress of both the patient
and the caregiver, not considering the physical stress of
the person with AD. The caregiver or support person may
experience a burnout syndrome, even if they start from the
idea that they are caring for a formal and emotionally
uninvolved patient. However, the correlations with the
depressive or anxious symptoms of the elderly patient,
his neuroendocrine changes, affect the quality of life of
both the patient and his relatives [9]. Not infrequently there
are abusive behaviors at the limit, which are explained
by the perspective of neurohormonal or chemical neuro-
mediators involved. In AD, the boundary between the
neurohormonal and neurobiochemical component is fragile,
compared to translated role models, attitudes and behaviors,
emotions, primitive anxieties that awaken in the patient
and that lead to abusive attitudes on the part of caregivers
[10].

& Linking AD to diabetes

The link between AD and type 2 diabetes has been
extensively researched. Age-related AD is the leading
cause of dementia. As the years go by, we speak of a
neurodegenerative disorder with an insidious onset, which
first affects the fixation memory, then followed by
performance decreases in the area of attention and
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language, until the patient completely loses its functio-
nality. By the time, the symptoms become apparent to
those around them, the changes in the brain are already
irreversible, and the available medications are only aimed
at delaying subsequent losses. In other words, there is no
anti-dementia medication to restore neural circuits and
their functionality. In terms of antidementia medication,
it increases the functioning of neurons that remain intact,
by establishing new synapses and new functional circuits,
available to the use of resources in terms of memory. The
more complex the intellectual capacity of the patient
with Alzheimer’s dementia and the higher his social
functioning, the more the person in question will make
up for the precarious state of fixation by complex gnostic
functions. Paraclinical investigations reveal neuropatho-
logical markers related to AD: f extracellular amyloid
plaques, neurofibrillary disorder, impaired synaptic
transmission, inflammation, neuronal destruction [11].

Increased insulin blood levels present in patients with
type 2 diabetes promote Af accumulation (that leads to
neuronal degeneration, as mentioned before). Mitochondrial
dysfunction, that has a key role in the pathogenesis of
type 2 diabetes and AD at the same time, precedes and
sustains Af accumulation. Af interacts with mitochondria
proteins, disrupting the electron transport chain and
promoting mitochondrial dysfunction and an increased
generation of reactive oxygen species (with a major role in
signaling pathways) [12]. Type 2 diabetes causes chronic
inflammation, oxidative stress, microvascular disease,
hyperinsulinemia, all of which ultimately lead to advanced
impairment of glycosylation processes, which play a
significant role in the pathology of AD [13].

A recent meta-analysis of patients with type 2 diabetes
highlights a high risk for both Alzheimer’s dementia and
vascular dementia — 56% increased risk for developing
AD and 127% increased risk for developing a vascular
dementia [14]. At the same time, another meta-analysis
of clinical trials showed that type 2 diabetes increases the
risk for AD, without any correlation with the pathology
of obesity [15].

Positron emission tomography—computed tomography
(PET-CT) scans with typical translocator protein radio-
tracers shows the relationship between A accumulation
and microglia activation during disease evolution in time.
Also, it can be made a measurement of inflammation which
shows high binding in parietal and temporal cortices in
AD patients. Neuroimaging over extender period of time
have associated AD with pathophysiological changes prior
to cognitive symptoms [16].

New directions of research involve patients who may
have human-induced pluripotent stem cells (hiPSC) trans-
planted. These situations, despite the limitations caused by
the significant decrease in the number of neurons already
affected, bring clinically significant results in dopami-
nergic neurotransmitters. Thus, AD involves genetically
determined mechanisms to ontogenetically conditioned
mechanisms and, further, molecular mechanisms. We
noted that PSC transplantation amplifies dopaminergic
transmission and diminishes the effects of neuronal
destruction in AD [17].

Insulin resistance of the brain appears to be caused
by a decrease in insulin receptor expression, as well as a
decrease in kinase receptor activity, all of which are
related to hyperinsulinemia associated with type 2 diabetes
[18]. Some pathways that are involved in the pathogenesis
of AD may be altered due to insulin degradation. We
mention here protein kinase B (PKB), mitogen-activated
protein kinase (MAPK) and glycogen synthetase kinase
3 beta (GSK3p). The expression of MAPK is related to
the formation of Af and neurofibrillary disorder. MAPK
is elevated in patients with Alzheimer’s dementia. P38
MAPKs are a class of MAPKs that are receptive to
stress stimuli, such as cytokines, ultraviolet irradiation,
thermal and osmotic shock. Persistent activation of p38
MAPK in muscle satellite cells (stem cells) because of
aging affects muscle regeneration. P38 MAPKSs participate
in signaling the control of cellular responses to cytokines
and stress. They are involved in cell differentiation,
apoptosis and autophagy. If insulin resistance is present,
GSK3p can be inhibited by signaling PKB. This leads to
dephosphorylation and activation of glycogen synthase
in glycogenesis (Cori cycle) eventually leading to hyper-
phosphorylation of tau protein. Tau protein, under normal
conditions, stabilizes neuronal microtubules. Under patho-
logical conditions, fau protein can generate neuronal
toxicity. We can thus conclude that cognitive impairment
can be addressed by exogenous insulin intake [19].

Postmortem studies performed on the brains of
patients diagnosed with Alzheimer’s dementia, support
the insufficient signaling of the moment of insulin
transmission in the synaptic cleft.

=& Antidiabetic medication used in AD

Despite the social impact and huge costs of supporting
AD societies, the number of patients with AD continues
to rise. For more than a decade, not many new therapies
have been approved. Clinical trials have been performed
with single-agent therapies, which do not always stop the
disease or prevent the development of new symptoms
compared to placebo.

Type 2 diabetes is a risk factor for Alzheimer’s
dementia. Glucagon-like peptide-1 (GLP-1) is a 30-unit
endogenous peptide hormone that is involved in the
regulation of insulin. GLP-1 receptor agonists act as a
growth factor for dendrites, but also as a factor that reduces
oxidative stress on neurons. The receptors themselves play
a significant role in memorization, storage, evocation
and learning in general. A variety of therapies have been
developed that extend the half-life (normally rapidly) of
local GLP-1, which would include: Exenatide, Liraglutide,
Lixisenatide and Albiglutide (a GLP-1 dimer fused to
human albumin).

Liraglutide is a blood-permeable barrier peptide, an
analogue of GLP-1 used to treat type 2 diabetes. Liraglutide
was able to restore learning in a significantly superior way
compared to the control group. Liraglutide corrected long-
term hippocampal areas in the cornu Ammonis 1 (CAl)
region in AS PP/PS1 transgenic mice. After eight weeks,
Ap plaques in the cortex were reduced by 50%, while
Congo Red stained plaques were reduced by 25% [20].
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Tryptophan metabolism is largely due to the degrada-
tion of kynurenine. Kynurenine 3-monooxygenase (KMO)
produces metabolites that induce excitotoxicity by N-
methyl-D-aspartate (NMDA) receptor agonism and, as
such, high ratios of kynurenine (a metabolite of L-
tryptophan amino acid used in the production of niacin)
and tryptophan are associated with neurodegeneration.
A KMO inhibitor, as well as JM6, has been shown to
increase synaptophysin levels in an ASPP-transgenic mice
model by preventing synapse loss in AD. In contrast, they
had no effect on amyloid plaque loading or on significant
improvement in cognitive function. For example, spatial
memory has been improved, but not spatial learning [21].
The clinical correspondent of these neurophysiological and
morphopathological disorders involves the use of selective
serotonin reuptake inhibitors (SSRIs) or Tianeptine or
Trazodone antidepressants in AD [22].

Empagliflozin (EMP) is a co-transporter of sodium-
glucose inhibitor used as an antidiabetic agent. It controls
hyperglycemia and reduces cardiovascular comorbidities
or deaths associated with metabolic disorders in type 2
diabetes. EMP appears to decrease cortical reduction as
well as neuronal loss in treated mice. Clinical trials in
EMP-treated mice also showed a decrease in bleeding
and improved microglial function, amyloid-laden senile
plaques were lower, and effects were found to improve
cognitive deficits in APP/PS1xdb/db mice [23].

As shown in the studies mentioned above, AD is
linked to insulin resistance of the CNS. Abnormalities
in insulin receptor expression led to low insulin levels.
The cognitive impairment associated with this dementia is
thus caused by deficits in insulin signaling at the synaptic
level. This finding leads more and more researchers
to conduct studies on the role of insulin in cognitive
performance in healthy people compared to cognitive
performance among patients with AD.

Cerebrospinal fluid (CSF) has long been known to
have appreciable concentrations of glucose and insulin,
reflecting only partially the serum glucose and insulin
levels. In humans, the transfer of insulin from the blood
to the CSF has been monitored during intravenous insulin
injections. Interestingly, obesity decreases the CSF/plasma
ratio in terms of insulin levels. Similarly, CSF/plasma ratios
for leptin and adiponectin are also low. Homeostasis model
assessment of insulin resistance (HOMA-IR) (a method for
the determination of serum insulin) was used which showed
correlations between elevated CSF levels of Alzheimer’s
dementia biomarkers: soluble amyloid precursor protein
beta (sAPPp), tau phosphorylated at threonine 181 (P-tau
181), with APOEe4 carriers [24]. In addition, elevated
insulin levels in the CSF correlate with poor cognitive
performance in patients with type 2 diabetes and AD.

The only therapeutic effect of peripherally administered
insulin is to lower blood glucose. Peripherally adminis-
tered insulin does not cross the BBB and does not reach
the CNS. Therefore, another way of administering insulin
had to be found to reach the brain directly, short-circuiting
the BBB.

Consequently, the intranasal method of administering
insulin makes it reach directly from the nostrils into the

brain. Such clinical studies have been performed on both
healthy people in terms of cognitive function and people
with AD. A significant increase in memory and learning
processes has been reported in subjects receiving intranasal
insulin [25].

Another study in healthy adults showed that individuals
who were exposed to higher insulin infusion rates had
increased memory improvements, greater cognitive flexi-
bility, and increased attention span, such as concentration,
stability, and more selectivity and distributivity (via the
Stroop test) [26].

One of the best-known studies in this field is the
one led by Dr. Suzanne Craft. One hundred forty adults
were included in a randomized, double-blind, placebo-
controlled study. Selected patients had either mild cognitive
impairment or symptoms of mild or moderate Alzheimer’s
dementia [27]. The protocol lasted four months, during
which time some of the subjects received placebo medi-
cation, others of them a low dose of intranasal insulin
20 units and the third batch, a high dose of intranasal
insulin 40 units. Memory and cognitive performance were
assessed to determine the efficacy of intranasal insulin and
to determine whether the effects were dose dependent.
Patients who received a lower dose had a significant
improvement in memory compared to the placebo group.
There was also good cognitive functioning for both groups
of patients who received insulin compared to those who
received placebo.

Using neuroimaging techniques, it was observed at
the end of the study that in the group of subjects who
received placebo there was a lower use of glucose in the
cerebral cortex. This indicated that the neurodegeneration
is progressive. The group of patients treated with intra-
nasally administered insulin had a preservation of brain
metabolism, showing that this therapy can stop or at least
slow down the losses caused by Alzheimer’s dementia.

However, in the same paper, it is presented that
individuals who had the APOFEe4 allele (a genetic predictor
of the disease) had a significantly smaller improvement
compared to those who did not have this allele [24].

& Conclusions

AD is a debilitating burden, but also socially, medically
and economically. Any therapeutic option that can prevent
it, delay progress or reverse the terrible effects of this
disease would be very successful. The complex physiology
of Alzheimer’s dementia may require combined treatments
rather than monotherapy. However, reliable evidence
refers to the brain’s resistance to insulin, which plays a
major role in the pathogenesis of AD. This is generally
compatible with the “amyloid approach”. The correlation
between AD and type 2 diabetes has been studied for years.
Insulin does much more than regulate blood sugar, as is
commonly known. Insulin is a crucial “growth factor”
for neurons. Lack of insulin makes neurons vulnerable,
which eventually leads to neuronal apoptosis. Even though
AD is mainly related to age, current studies and modern
trends in medicine tell us that cognitive impairment is not
a normal part of aging. This is supported by the promising
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results of studies on ancillary treatments for AD, but no
treatment is “suitable for everyone”. At present, several
clinical studies on the authorization of nasal insulin
sprays are active. Intranasal administration of insulin,
which allows it to reach the brain directly, has also been
chosen as an important therapeutic strategy by the
National Institutes of Health (NIH) in the United States.
It receives significant funding for research, with the hope
that a good enough way to prevent or treat AD by 2025
will be studied and developed.
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