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Abstract

Alzheimer disease (AD) is common worldwide and almost every case has comorbidities. One of the most common

comorbidities of AD is Diabetes mellitus (DM), with or without metabolic syndrome. Both diseases effect nerve tissue
and successful treatment would improve the status of the patient. In patients with Alzheimer disease treatment of DM,
the treatment could be harmful to the AD, because of that high insulin intake. This may lead to progression of AD.
Insulin is considered the best treatment for DM, but insulin therapy could increase comorbidity with AD. No specific
therapy for AD is known up to date, so because of that DM is one of the most important risk for AD, concomitant therapy
for DM should be planned very carefully. All options of DM therapy should be considered, and different mechanisms of
anti-diabetic drugs are preferable. Treatment of AD is more complex metabolic syndrome is present. Any inflammation
causes local tissue damage, including brain tissue during AD. Release of interleukins, primarily TNF-q, IL-6, IL-1B
in the presence of adipokine leptin, maintains chronic inflammatory status in local brain tissue. Thus, low doses of
immunosuppressant therapy should be considered for treatment of AD in future. To delay apoptosis of nerve tissue

cells, brain and nerve tissue defend against free oxygen radicals and improve metabolic status.
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Introduction

Alzheimer’s disease characterized clinically by a progressive and
gradual decline in cognitive function and neuropathologically, by the
presence of neuronal threats, specific neuron loss, synapse loss and
disturbance of cholinergic synapses. Most people with Alzheimer’s
have the late-onset form of the disease, in which the symptoms become
apparent in their mid-60s.

Genetic Basis of Metabolic Changes in Alzheimer’s
Diseases

The apolipoprotein E (APOE) gene is involved in late-onset
Alzheimer’s. This gene has several forms. One of them, APOE ¢4,
increases a persons risk of developing AD and is associated with
an earlier age onset. Around 0.1% of the cases are familial forms
of autosomal dominant inheritance, which has an onset before age
65 [1]. This form of the disease is known as onset familial Alzheimer’s
disease. Most of the autosomal dominant familial AD can be attributed
to mutations in one of three genes: those encoding amyloid precursor
protein (APP) and presenilinsl and 2 [2]. Most of the mutations in the
APP and presenilin genes increase the production of a small protein
called AP42, which is the main component of senile plaques [3]. Some of
the mutations merely alter the ratio between AP42 and the other major
forms particularly Ap40 without increasing AP42 levels [4,5]. The major
hallmarks of AD pathology are masses of the extracellular p-amyloid
peptide (AP) and neurofibrillary tangles of the microtubule binding
protein tau [6,7]. AP has crucial importance in the relation of AD as well
as the crucial role of its pathogenesis. The neurotoxic potential of the AP
peptide results from its biochemical properties, favoring aggregation into
insoluble oligomers and protofibrils [7]. Etiological treatment of AD is

not yet available, but also the underlying pathophysiological mechanisms,
and hence risk factors, of Alzheimers disease remain uncertain [7].
Nevertheless, several potentially modifiable risk factors of dementia
have been identified. One of them is hypertension, especially in mid-
life, which creates a possibility of developing dementia [8]. Although
less studied, obesity [9] and dyslipidemia [10] have also been recognized
as possible modifiable risk factors for dementia. Risk of dementia also
increases with diabetes [11]. These factors coexist under the heading of
metabolic syndrome, which is the cluster of five cardiovascular risk factors
including hypertension, abdominal obesity, high triglyceride level, low
level of HDL cholesterol, and elevated fasting glycemia (impaired fasting
glucose or diabetes) [12]. These risk factors trigger neuroinflammation
and oxidative-nitrosative stress and consequently lead to reduction nitric
oxide and enhance endothelin, Amyloid-p deposition, cerebral amyloid
angiopathy and blood-brain barrier disruption.

The Diabetes Mellitus (DM) in Alzheimer’s Disease (AD)

Individuals with the metabolic syndrome are generally characterized
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by central obesity accompanied by low-grade inflammation (i.e., higher
plasma concentrations of C-reactive protein, interleukin IL-6 and other
inflammatory markers) and insulin resistance. Insulin resistance is
caused by impairment of protein synthesis including special protein
glut-4 transporter, which is essential for transporting of glucose
through cell membrane. So, they have a higher chance for developing
CVD and/or T2DM [13,14]. AD appearance in elder ages is related
to a gene on chromosome 19 coding for the cholesterol transporter
protein apolipoprotein E (apoE). ApoE gene has several alleles, but
those with highest frequencies are apoE-¢2, apoE- €3 and apoE-¢4 [15].
Inheritance of apoE-¢4 is related with higher risk of developing AD in
an autosomal-dominant fashion (i.e., inheritance one copy apoE-e4
results in a 50% chance of developing AD). There are links postulated
to cardiovascular risk factors e.g. high level of cholesterol, hypertension
and obesity as well as T2DM, leading to environmental factors playing
a key role in AD appearence [16,17].

Transport systems in the brain endothelium through blood-brain
barrier (BBB) mediate delivery of glucose and other nutrients from
blood to brain, as well as the clearance of toxic metabolic and-products
from the CNS to the circulation (Shema 1). Both AD and MCI subjects
showed increased, insulin receptor substrate 1, a candidate biomarker
of brain insulin resistance and GSK-3fB, a kinase targeting tau
phosphorylation [18,19]. All regions of the brain (InsR,) are covered by
insulin receptors and in some areas with high density of receptors: in the
hippocampus, entorhinal cortex and olfactory bulb [20] and periphery
(InsR ). a-subunits are smaller in InsR,, glycosylation and insulin-
binding are specifics (absence of negative co-operativity in InsR,) [21].
The reaction that happens within the brain starts when insulin binds to
the a-subunit of the insulin receptor and that activates tyrosine kinase
phosphorylation of the -subunit of the receptor and leads to activation
of several second-messenger transduction pathways. Obese patients
have activation of the immune response mediated by specific signaling
pathways, with Jun N-terminal kinase and TkappaB kinase beta/nuclear
factor kappa-light-chain-enhancer of activated B cells and were studied
very often. Described events change insulin signaling and it is resulted
by developing of insulin resistance [22] (Figure 1).

Insulin plays an important role of neuronal survival and has a role
as the growth factor. It is known that insulin activate IGF-R (Insulin
like growth factor receptors) [12]. Insulin receptors have dendritic
distribution, because of the direct role of insulin in the brain. Lack of
insulin decreases the number of these receptors and synapse density in
the same time. Number of synapses and their density has a crucial role
in brain function and thus the insulin’s regulatory role of brain function.

Influence of Insulin to Microenviromental Changes in
Brain in Alzheimer Disease

Hyperglycemia and glucose metabolites may increase destruction
of the brain and its vasculature. Neuronal function and survival is
influenced by toxic levels of insulin, and elevation of peripheral insulin
level acutely increases in cerebrospinal fluid (CSF) concentration.
Synaptic plasticity, learning and memory could be directly modulated
by insulin, and disorder in insulin signaling pathways in the periphery
and in the brain have recently been included in Alzheimer’s disease and
brain aging. Metabolism of beta-amyloid and tau, the building blocks
of amyloid plaques and neurofibrillary tangles, the neuropathological
hallmarks of Alzheimer’s disease, also being regulated by insulin [23].
Promoting glucose uptake in glial cells and specific neural circuits,
including the hippocampal circuit is insignificantly controlled by CNS
insulin [24]. Synaptogenesis and synaptic remodeling are promoted
by the cascade of signals triggered by activated insulin receptor [25].
Neuronal survival, by protecting against apoptosis, hypoxic stress,
and nitric oxide toxicity, is also influenced by insulin signaling [26].
Accelerated apoptosis is one of the most important factors for AD
development [27] Structural brain changes including whole-brain
[28] and medial temporal atrophy [29] are linked to dysfunctional
insulin signaling. AD and type 2 diabetes mellitus are two of the most
common diseases in elder population. It is very important to more
precisely define the role of insulin in brain aging and appearance of AD.
Its known that diabetes mellitus (DM) is a risk factor for non-genetic
AD. Recent studies in humans have shown that cell signaling related
to insulin is disrupted in the AD brain [30]. Tau phosphorylation
and formation of neurofibrillary tangles NFT could be impaired by
diabetes. Physiologically tau promotes the assembly and stabilization
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Figure 1: Described events change insulin signaling and it is resulted by developing of insulin resistance.

J Alzheimers Dis Parkinsonism, an open access journal
ISSN:2161-0460

Volume 8 Issue 1+ 1000415



Citation: Karahmet E, Prnjavorac B, Sejrani¢ A, Karahmet E, Mujakovi¢ A, et al. (2018) Does the Choice of Treatment of Diabetes Mellitus Change
Natural Course of Alzheimer Disease? J Alzheimers Dis Parkinsonism 8: 415. doi: 10.4172/2161-0460.1000415

Page 3 of 7

of microtubules, hyperphosphorylation and disrupts microtubules
[31]. Importantly, in the human diabetic brain tau phosphorylation is
increased at the same sites in AD [32]. Diabetes could increase tau-
phosphorylation, leading to the development of NFT. Glucose uptake
from tissue is controlled by insulin that binds to specific receptors
expressed on cell membranes and triggers the phosphorylation of
cellular substrates. Insulin resistance and diabetes type 2 are coming
as a result of switch from a tyrosine phosphorylation to a serine
phosphorylation of family of proteins known as the insulin receptor
substrate (IRS).

Local Inflammatory Response in Development of AD

For pathogenesis of obesity and type 2 diabetes, the key component
is excessive nutrient intake.

Cells of white fat tissue (macrophages and adipocytes) produce
specific reactions to molecules such as reactive oxygen species, free fatty
acids and advanced glycation products, in the production of TNF-a, IL-
1B, IL-6, CCL2 and adipokins such as leptin [33]. Consequently, leptin
induces immune cells to uptake glucose and enhance their metabolism.

Insulin resistance may occur as a phosphorylation substrate
receptor insulin receptor-1 reaction; induced by cytokine TNF-a and
IL-1B [34], while NLRP3 (Nod-like receptor family, Pyrine domain
containing 3) is able to activated isceleni amyloid, which is deposited
in the pancreas [35,36].

Abnormal removal of amyloid beta peptide is correlated with
peripheral hyperinsulinemia and GSK3beta cdk5 activity stimulates
tau hyperphosphorylation. This reaction leads to cell cascades that
induce cognitive decline and neurodegenerative phenotyping. Chronic
peripheral hyperinsulinemia decreases the transportation of insulin
thru the BBB (Blood Brain Barrier). Insulin signaling in the brain
becomes lower; all of the insulin activity is altering, including anti-
apoptotic effect. Some medicines used in mellitus type II reduce the
cognitive impairment associated with AD [37].

Oxidative stress and glucose are the two most common
phenomenon associated with biological aging and high percentage
associated with pathogenesis of AD. Chronic hyperglycemia and
chronic hyperinsulinemia, first induces production of advanced iron
endokvant (AGEs), which causes excessive production of reactive
oxygen species (ROS).

Patients with AD have lower insulin levels in the blood than the
insulin levels in the cerebrospinal fluid. In etiological roles of diabetes
and obesity, inflammation plays key role.

However, it is well known that some medicines can directly affect
the plasma concentrations of inflammatory cytokines. Rosiglitazone
significantly decreases levels of IL-6, IL-18 and TNF-alpha, where
metformin does not [38]. Glimepiride significantly reduces TNEF-
alpha, IL-1, IL-6, PrP82-146 (prion desease), amyloid-f (AB) 42 (AD)
and a-synuclein (aSN, PD) [39]. Vildagliptin also reduces plasma
levels of IL-6, CRP and TNF-alpha, even more than glimepiride [40].
Knowledge of these facts, is very important to manage and choice the
best therapeutical options for DM patients.

Role of Insulin in Overall Degradational Process in
Pathogenesis of AD
Insulin and amyloid-beta (Abeta) have a common, primary depurative

mechanism - Insulin-Degrading Enzyme (IDE). IDE has more affinity
for insulin than for Abeta and brain hyperinsulinism and is able to affect

Abeta’s main clearance mechanism. Intracellular accumulation of amyloid
precursor protein is modulated by insulin. IDE degrades both insulin
and amylin, but also peptides related to pathology of DM2, together with
amyloid-beta in the AD brain. Bigger selectiveness of IDE for insulin
may cause hyperinsulinemia elevate amyloid beta. [41] Brain aging could
be accelerated by both hyperglycemia and hyperinsulinemia, but also by
inducing tau hyperphosphorylation and amyloid oligomerization, as well
as by leading to widespread brain microangiopathy. Patients that suffer
from diabetes are more prone to develop extended and earlier-than-normal
leukoaraiosis (White Matter High-Intensity Lesions - WMHL). WMHL is
also noticed in brain scans of elderly people and it is associated with higher
risk for executive dysfunction, cognitive impairment and dementia [42].

In cerebrovascular amyloid angiopathy, which is associated
with AD, an increase of expression of RAGE (receptor for advanced
glycation end-products)? Important role in pathogenesis of AD and
chronic complications of DM play carbohydrate-derived advanced
glycation end-products (AGEs) [43]. Post-mortem analyzed samples of
AD with diabetes compared to AD without diabetes or non-demented
controls have shown their significant increase [44]. RAGE is specific
cell surface receptor for amyloid f8 and it results with easier neuronal
damage [45,46].

Lower levels of insulin in the cerebrospinal fluid is present in
patients with AD and post-mortem analyses have shown fewer insulin
receptors and downstream signaling activity in the AD brain compared
to normal controls [47,48]. Insulin influences the metabolism of beta-
amyloid peptides through GSK3a and GSK3p and the phosphorylation
of Tau [28,49]. As Insulin-Degrading Enzyme has more affinity for
insulin, it breaks down insulin’s extracellular concentrations. Insulin
resistance can result with excessive insulin, competition with amyloid
B for binding site of IDE and consequently accumulation of amyloid
in the central nervous system (CNS) [50]. Specific dietary system and
inability for taking medicine result with worse glucose control at AD
patients. Poor cognitive function increases risk of hypoglycemia in
patients with type 2 diabetes [51]. Insulin resistance could be induced
by disturbed insulin receptor and IGF-1 receptor signaling caused by
proinflammatory cytokines [51].

Deleterious effects of HFD on learning and memory, and long-
term potentiation of CA1 hippocampus fibrillary acidic protein fungus,
a mammalian target of rapamycin and a vascular endothelial growth
factor may be reversible in these cases by using a glucagon-like peptide
1, which stimulates insulin [52]. This is the future of AD treatment
[53]. AD may occur in IRBS, and the reason to support this fact is that
IRBS is associated with anatomical, behavioral and molecular changes.
Insulin applied directly in brain, is capable to enhance cognitive
selected parameters. The idea is in accordance with the hypothesis of
AD pathogenic harmful signals, and it is capable to consolidate the
pleiotropic effects of agents that are toxic to the insulin production/
secretion (e.g. Cells of the pancreas) and IRBs caused by different
mechanisms in AD. In accordance with that, innovative therapy
and prevention of AD, diabetic complications are usually associated
with metabolic and hormonal changes, and suggest new therapeutic
approach for AD [41].

It is very clear that excessive insulin invokes synchronous increases
in levels of Abeta and inflammatory agents, effects that are exacerbated
by age and obesity. This constellation of events may have deleterious
effects on memory. Therapeutic benefit for adults with age-related
memory impairment and AD could be achieved by treatments focused
on preventing or correcting insulin abnormalities [54].
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Discussion

AD often coexists with other diseases, referred as metabolic
syndrome (hypertension, diabetes mellitus, abdominal obesity,
hypertriglyceridemia, low high density lipoprotein (HDL) levels,
cardiovascular disease. [55,56]. These and some other factors as
vitamin B12/folate deficiency, depression, and traumatic brain injury
synergistically promote diverse pathological mechanisms including
cerebral hypoperfusion and glucose hypometabolism. These risk
factors trigger neuroinflammation, oxidative-nitrosative stress;
decrease NO, and endothelin increase, Amyloid-f deposition, cerebral
amyloid angiopathy, and blood-brain barrier disruption. Inflammation
trigger long term damage, involving fatty acids, DNA, mitochondria
and results in ATP hypometabolism, amyloid B deposition, endothelial
dysfunction and blood-brain barrier disruption [57].

Beta secretase 1 and gamma secretase, as a part of the presenilin
complex, have a pivotal role in forming and generating of amyloid B
(successive cleavage of APP). Several amyloid B isoforms, difference
between them is number of the terminal amino acids, AP [58] have a
pivotal role in the pathogenesis of AD. Amyloid p favor aggregation into
insoluble oligomers and protofibrils [59,60]. Big GWAS study (Genome
Wide Association Study) showed the role of microglia in pathogenesis
of AD. It's shown that MetS causes dysregulation of mitochonondria,
which results in defective NAD+ sirtuin pathway. Sirtuins are a family
of seven proteins that are included in longevity and inflammation. One
of them, SIRT3 is present in mitochondria and plays a role in metabolic
adaptation. Its role is to deacetylate and to activate key metabolic
enzymes and transcriptional regulators, utilizing NAD+ in the process.
Improving of mitochondrial dysfuntion of sirtuin pathway is one of
therapeutic strategies and results in decrease of neuroinflammation
[59].

AD can be a result of missense gene mutations, which are involved
in increased synthesis of the amyloid-beta protein precursor derivatives
amyloid-beta. It leads to autosomal dominant familial AD but it’s not
often. And, the main population of AD patients have a sporadic AD
(sAD) of late onset, for witch is any evidence is caused by amyloid-beta
precursor [60].

The prevalence of the metabolic syndrome, similar to that for
cognitive disorders, increases dramatically with age. In younger
population, it is often presented in individuals with APOE-e4
[61]. However, metabolic syndrome is a risk factor for accelerated
cognitive aging, mild cognitive impairment (MCI), vascular dementia
and Alzheimer’s disease. These patients are literally described as a
“metabolic-cognitive syndrome” [62-64] and it seems the prevalence
of these cognitive disorders is higher in population of elders with
metabolic syndrome and with elevated of inflammatory markers in the
blood [62].

MetS and Alzheimer’s disease are not inflammatory diseases, but
chronic inflammation that exists seems to be result of deregulation of the
endocrine homeostasis of adipose tissue [65]. Adiponectin, expressed
by adipose tissue, plays an important role in metabolic control of
inflammatory response and may play a key role in a pathophysiology of
neurodegeneration. Low grade adiponectin may be a surrogate marker
of cognitive impairment and Alzheimer’s [66].

In recent literature, it has been reported that AD is more frequent
in population with MetS then in population without (7.2% vs. 2.8%). It
is interesting that women with MeS are more likely to get AD than men
with MetS (8.3% vs. 1.9%) [67]. It also seems that diet, such as high

consumption of vegetables and fruits, has a central place in preventing
both these diseases.

New Possibilities for Treatment of AD Using Intranasal
Insulin

All antidiabetic drugs may affect AD indirectly through effects on
circulating concentrations of glucose, insulin, inflammatory markers
and by generation of reactive oxygen species. Insulin resistance within
the brain is most closely linked to AD, targeting insulin signaling in the
brain as key.

When it comes to AD, insulin can be applied via intravenous
and intranasal application. That is not usual, but a possibility of
AD treatment. At present, only symptomatic interventions are
available for treating AD. To optimize symptomatic treatment, a
personalized therapy approach has been suggested.

In the study with insulin infusion rate (1.0 mU/kg/min) applied to
nondemented older adults, insulin did result in an increased memory
performance across all selected individuals [68]. However infusion of
peripheral insulin is not an optional long-term therapy for AD, due
to the marked hypoglycemia. When insulin is infused peripherally,
therefore leaving us a clear pathway for intranasal application.

Recent prospective observational study of Isik AT, has evaluated
elderly patients with type 2 DM with AD. After sixth-month evaluation,
it revealed no difference between sitagliptin and non-sitagliptin groups
in terms of weight, body mass index and HbAlc. Authors concluded
that number of patients that required reduced insulin dose were
significantly higher in the sitagliptin group and sitagliptin therapy was
associated with an increase in the Mini-Mental State Examination
(MMSE) scores. The main outcome revealed that besides its effects,
similar to those of insulin and metformin in glycemic control, and
in reducing need for insulin, 6-month sitagliptin therapy may also
associated with improvement of cognitive function in elderly diabetic
patients with and without AD [69].

Additionally, some studies using intravenous and intranasal insulin
have shown that the effect of insulin on memory differs on the basis of
APOE genotype.

Intranasal insulin administration seems to open the possibility for
a safe, and at least in the short term, effective symptomatic intervention
that delays loss of cognition in AD patients [70]. Another study
involving individuals with AD or mild cognitive impairment found
that 4 months of intranasal insulin (20 IU, 2x/day) preserved cognition
as measured by ADAS-cog, improved delayed memory, and improved
caregiver-rated functional ability [71].

The current hypothesis is that intranasal insulin is directly
influencing cognition by acting on neuronal IRs to overcome resistance,
but this has not been shown directly. Recent evidence has shown
that intranasal insulin may be working through indirect pathways to
influence cognition in terms of increasing regional cerebral blood flow
and cognition in T2D patients [72]. Insulin sensitizers, as an alternative
therapy, increase insulin action in the brain. These agents are effectively
used in patients with T2D. A common class of insulin-sensitizing drugs
is thiazolidinediones, which includes rosiglitazone and pioglitazone.

Thiazolidinediones also have potent anti-inflammatory properties.
Given the role of insulin resistance and inflammation in the pathogenesis
of AD, these agents are being studied as a potential treatment for AD.
One small study showed that persons receiving rosiglitazone 4 mg daily
had improved memory and selective attention [73]. Another study with
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more than 500 patients with mild to moderate AD were randomized
to 6 months of treatment with placebo or rosiglitazone 2, 4 or 8 mg,
resulting in significant improvement on the Alzheimers Disease
Assessment Scale-cognitive subscale in APOE-e4-negative patients on
8 mg rosiglitazone, while persons with the APOE-¢4 allele showed no
benefit [74].

Pioglitazone (AD4833) is an insulin sensitizer of the
thiazolidinedione class of nuclear Peroxisome-Proliferator Activated
Receptor y (PPARy) agonists. It binds to PPARy, affecting gene
transcription and reducing inflammation. Recent study revealed an
expert opinion showing that Pioglitazone is safe and well tolerated as
proved in phase II study in AD. So far, two large Phase III trials are
ongoing, but there are no preliminary results yet on a possible beneficial
effect on cognition in patients with AD [75].

Some studies suggest that DM might have a relatively strong
protective effect against AD, whereas the condition deteriorate more
severely when there is a concomitant insulin resistant brain state
(IRBS). IRBS is associated with anatomical, behavioral, and molecular
changes that justify the proposal that AD may be due to an IRBS. This
is explored in the context of accumulating evidence that the IRBS need
not be related to peripheral insulin resistance, and that administration
of insulin directly to the brain improves selected cognitive parameters
targeted in AD [76].

Conclusion

Asis discussed above, overall involvement of insulin in pathogenesis
of Alzheimer disease and expressed role of it in some degradation
process in the brain and formation of amyloid suggests importance of
knowledge of insulin level in plasma. Therefore, measurement of insulin
levels in the blood should be considered when considering treatment
of Alzheimer disease. The dominant outlook is that insulin is always
the best choice in the treatment of DM with AD cannot be applied
completely, because obviously oral hypoglycemic agents reducing
progress of insulin resistance, cognitive impairment and AD in the end.
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