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Abstract. Alzheimer's disease is a progressive neurodegenerative condition correlated
with the aging process, characterized by the progressive decline of cognitive functions
and behavioral and personality changes. We assessed here the sample of 33 subjects and
each of them was submitted to the mini—-mental state examination (MMSE) to assess the
severity of dementia. Our results showed that Type 1 diabetes is caused by the destruction
of beta cells resulting in absolute insulin deficiency, and type 2 diabetes is caused by the
continuous progression of insulin secretory deficiency and insulin resistance. The present
study showed how insulin resistance and high insulin levels in type 2 diabetes, factors
outside the CNS, were reported to induce a decrease in brain insulin, with subsequent
impairment of signaling pathways associated with learning and memory, neural survival,
energy metabolism and plasticity, thereby affecting cognition.
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1. Introduction

Alzheimer's disease (named after the German psychiatrist Alois Alzheimer) is
the most well-known type of dementia and can be defined as a slowly progressive
neurodegenerative disease characterized by neuritic plaques and neurofibrillary
tangles and accumulation of beta-amyloid peptide in the most affected area of the
brain, medial temporal lobe and neocortical structures [1].

Alois Alzheimer described the first case of the disease, which would later bear his
name, at a congress in Tlbingen, Germany, in 1906 [2]. He described "miliary bodies"
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as amyloid plaques and “dense bundles of fibrils" as neurofibrillary tangles, which we
now recognize as the neuropathological hallmarks of Alzheimer's disease (AD). In
1985, researchers were able to purify amyloid plaque cores and, in doing so, identified
amyloid B peptide (AP) as the major component of these extracellular deposits [3]. This
discovery led to the cloning of the gene encoding the amyloid precursor protein (APP)
[4] the molecule from which AP is derived. In 1986, it was shown that neurofibrillary
tangles are composed of abnormally hyperphosphorylated forms of the tau protein [5].

These important achievements in the 1980s marked the beginning of modern AD
research and led to a detailed knowledge of APP metabolism, AP generation and tau
homeostasis. While examining the brain of his first patient, who was described as
having progressive memory loss and dual personality, before he died, Alois Alzheimer
noted the presence of amyloid plaques and massive loss of neurons, and described the
condition as a severe disease of the cerebral cortex. Emil Kraeplin, who was the first
German psychiatrist, considered the founder of modern scientific psychiatry, named
this condition, Alzheimer's disease, for the first time in his textbook of psychiatry, in the
7th edition [6].

There is evidence that hyperglycemia is a possible risk factor for the development
of mild cognitive impairment, even Alzheimer's disease (AD) [7, 8, 9, 10]. Studies of
the brains of patients with AD, that were not diagnosed with type 1 or type 2 diabetes,
found similar symptoms as those of diabetes patients [11]. The installation of abnormal
glycemic levels was linked to progressive long-term deterioration of the brain's ability
in using and metabolizing glucose, simultaneously with a cognitive decline of the brain,
including memory loss, difficulty in finding words, various changes in behavior and
personality [12]. Some studies have demonstrated that insulin can cross the blood-brain
barrier, emphasizing its role in controlling tau phosphorylation and protecting the CNS
against f-amyloid accumulation through a mechanism involving the insulin-degrading
enzyme downregulation [13]. Reduced insulin signaling may increase the activity of the
enzyme glycogen synthase kinase 3, which may promote tau and NFT formation [14].

These findings have led to the theory that drugs used in diabetes may alter the
pathophysiology of AD [15]. Insulin itself was proposed to control neurotransmitters
releasing at the level of synapses, and the signaling pathways responsible for learning
and long-term memory [16]. Interestingly, neurotoxins such as amyloid-beta-derived
diffusible ligands can affect insulin signaling [17]. The final glycation products present
in hyperglycemic states, which generate oxidative stress and implicitly cellular damage,
were also detected in patients with AD [18]. There are also reports of patients with AD
with symptoms characteristic of metabolic syndrome, such as greatly increased lipid
profile parameters, obesity quantified by large waist circumference and high blood
sugar [19, 20].
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2. Material and Methods

2.1. Selection of human patients

The sample of subjects selected from the database of the Socola Institute of
Psychiatry, lasi, Romania, between January and July 2022, included 33 patients
diagnosed with various forms of dementia, Alzheimer's disease (AD) and diabetes
mellitus (DM). Diagnoses of dementia and Alzheimer's were based on standard
criteria. Each of the patients underwent a mini-mental state examination (MMSE)
to assess the severity of dementia.

2.2. ldentification of parameters in order to correlate the degree of
cognitive degradation with the severity of diabetes

In the patients in the current study, the following parameters were taken into
account: form of dementia, MMSE score, diagnosis of diabetes, blood glucose
value, cholesterol value, triglyceride value, psychiatric medication, medication for
the type of diabetes discovered. The MMSE score (minimum mental state
examination) is an exam to assess cognitive deterioration. It is a test used to
screen cognitive function as a whole; It also includes items that can assess
orientation, the possibility of recalling words, the assessment of attention and
calculation, the assessment of language and visuospatial skills [27].

2.3. Studies in human patients to correlate cognitive impairment with
diabetes severity.

In these patients, the following parameters were considered: form of
dementia, MMSE score, diagnosis of diabetes, blood glucose value, cholesterol
value, triglyceride value, psychotropic medication, medication for the type of
diabetes discovered, in order to correlate the degree of cognitive degradation with
the severity of diabetes as well as studying how specific medication for
Alzheimer's disease and diabetes influences the pathological picture of these
diseases and interactions of them.

3.Results

3.1. Distribution of dementia types in the patients sample

Following the evaluation of the sample of 33 patients, these were divided into the
following categories: - mixed dementia medium form 43%; - mixed dementia, AD
and vascular dementia 18%; - vascular dementia 15%; - severe form mixed
dementia 9%; - mild dementia 6%; - medium form dementia 6%; - mixed
dementia, epilepsy 3% (fig. 1).
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Fig. 1. Distribution of dementia types in the patients sample

3.2. Prevalence of pathologies associated with Alzheimer's disease,
diabetes and obesity

Among the associated pathologies, those that are the subject of the present study
are diabetes and obesity. Analyzing the prevalence of patients who presented these
pathologies from the total number of patients, we found the following data: - in the
medium form of mixed dementia group, 7% of patients presented diabetes; - in the
group of mixed dementia, Alzheimer's disease and vascular dementia, 16.6% of
patients had diabetes; - in the vascular dementia group, 60% of patients had diabetes;
- for the other types of dementia, no cases of diabetes were registered (fig. 2); - in the
mild dementia group, 50% of patients were obese; - in the medium-form mixed
dementia group, 14.2% of patients had obesity; - for the other types of dementia, no
cases of obesity were registered (fig. 3).
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Fig. 2. Prevalence of diabetes cases in the sample of patients
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Fig. 3. Prevalence of obesity cases in the sample of patients

3.3. Severity of dementia according to the MMSE score

Each of the patients was submitted to the mini-mental state examination
(MMSE) or Folstein test questionnaire to assess the severity of dementia. The
results of the 30-point questionnaire reflecting the degree of cognitive impairment
are showed in fig.4.
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Fig. 4. Severity of dementia according to MMSE score

3.4. Correlations between MMSE scores and blood sugar, cholesterol
and triglycerides levels of the patients in the analyzed sample

The levels of blood sugar, cholesterol and triglycerides for most of the
patients were collected from the patients database and correlations were made
with the respective individual MMSE score, i.e. the severity of dementia. Pearson
correlation between the MMSE scores and blood sugar values (figure 5.A)
showed a weak to moderate statistical relevance (Pearson corel. = 0.3), if all
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individual values were correlated. Similarly, in the case of correlations between
the MMSE indices and cholesterol levels (figure 5.B), and between the MMSE
indices and triglycerides levels (figure 5.C) weak Pearson correlations were
obtained (Pearson correl. = -0.01 and respectively 0.16) (fig. 41). A possible
influence of the medication administered to improve the symptoms of dementia or
glycemia cannot be excluded when considering these unconvincing results, that
would lower the MMSE scores in the more severe cases.
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B. Correlations between MMSE score and cholesterol levels
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Fig. 5. Pearson correlations between the MMSE scores and metabolic markers

29 patients of the total sample of 33, i.e. 88% from the patients, received
psychotropic medication: 18 patients received memantine, 6 received piracetam, 4
received donepezil, 4 pramistar, 2 cerebrolysin, 2 cavinton, 1 betaserc, 1
rivastigmine, 1 galantamine. Four patients out of the 33 studied, i.e. 12% from the
total, required medication for diabetes (insulin, metfogamma, glucovance, siofor,
lipantil, forxiga).

Another method of statistical analysis was applied based on the comparison
of parameter averages per subgroups of pacients. The correlations between the
percentage averages of patients with diabetes according to the type of dementia
and the average glycemia levels showed a strong correlation between the type of
dementia and the blood glycemia at a value of 0.76 (fig 6.A).

These correlations were very strong for only certain groups of dementia (the
mixed dementia, Alzheimer's disease and vascular dementia group), which could
suggest a glycemic vulnerability of only certain subtypes of patients. Analysis of
the correlations between the percentage averages of patients with diabetes
according to the type of dementia and cholesterol level averages also showed a
very strong positive Pearson correlation between the two variables at a value of
0.84 (fig. 6.B). Analyzing the correlations between the percentage averages of
patients with diabetes according to the type of dementia and the averages of
triglycerides levels, we observed again strong significant correlations between the
two variables at a value of 0.70 (fig. 6.C).
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Fig. 6.A. Correlations between the percentage of patients with DM type 2 per
dementia type and glycemic averages
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Fig. 6.B. Correlations between the percentage of patients with DM type 2 per
dementia type and cholesterol levels averages
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Fig. 6. Pearson correlations between the percentage of patients with DM type 2
per dementia type and metabolic markers averages
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3.5. Incidence of elevated glycemic values by type of dementia

The incidence of abnormally elevated blood sugar levels, was overall high in
the analysed sample. Out of the 29 patients for whom blood sugar levels were
registered in the database, 11 had abnormal blood sugar fluctuations: 7 patients
with values above average (110-160 mg/dl) and respectively 4 patients with very
high values (over 200 mg/dl) (fig.6).
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Fig. 7. Incidence of high glycemic values according to the type of dementia

3.6. Correlations between psychotropic medication and MMSE scores

The correlations between psychotropic medication and diabetes were difficult to
assess for the provided data sets, requiring much larger samples and also data
collecting at different intervals. Given these limitations, on the available data, the
MMSE scores (gray dots, figure 8) are generally higher/better when patients
followed psychotropic drug treatment. An exception occurs in the case of vascular
type dementia where the MMSE score is very high (close to normal values); it
should be noted at the same time that this is also the type of dementia with the
highest incidence of DM.
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Fig.8. Psychotropic medication and MMSE scores

Concluding remarks

Type 1 diabetes is caused by the destruction of beta cells resulting in absolute
insulin deficiency, and type 2 diabetes is caused by the continuous progression of
insulin secretory deficiency and insulin resistance. Insulin resistance is associated
with obesity and is characterized by the inability of target tissues to respond to
insulin. Type 1 diabetes is characteristic of children and young adults, and type 2
diabetes for the other population categories [22]. More recently, a new form of
diabetes, type 3 diabetes, closely related to metabolic syndrome is described, that
alters memory processing, by mechanisms related to insulin resistance of the
brain, defects in insulin signaling pathways, accumulation of neurotoxins, and
neurodegeneration [23, 24]. Regarding the insulin resistance, peripheral insulin
resistance could be involved in deficiencies in hippocampal insulin signaling
pathways and dysregulation of brain metabolism, while central insulin resistance
is reported to be linked to specific symptoms of Alzheimer's disease,
hyperphosphorylation ~ of tau  protein, increased  oxidative  stress,
neuroinflammation, and potentiation of A toxicity [25, 26].

REFERENCES

[1] V.J.PaulaV.J, etal.,. Alzheimer's disease. Subcell Biochem. ;65:329-52, (2012).

[2] C. L. Masters et al., Transgenic Drosophila expressing human amyloid precursor protein show
gammasecretase activity and a blistered-wing phenotype.;95:13703-8, (1985).

[3] J. Kang et al., The precursor of Alzheimer's disease amyloid A4 protein resembles a cell-surface
receptor. Nature. 25;325(6106):733-6, (1987).

[4] 1. Grundke-lgbal. et al., Abnormal phosphorylation of the microtubule-associated protein tau (tau) in
Alzheimer ;83(13):4913-7, (1986).

100 Academy of Romanian Scientists Annals - Series on Biological Sciences, VVol. 12, No.2, (2023)



Preliminary Data on the Interactions Between Dementia and Some Metabolic Disfunctions

(5]
(6]

(7]

8]
Bl

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]

[20]
[21]

[22]
(23]

[24]
[25]

[26]

[27]
(28]

G. Cipriani et al., Alzheimer and his disease: a brief history. Neurol Sci. 32(2):275-9, (2011).

CA. Rojas-Carranza et al., Diabetes-related neurological implications and pharmacogenomics. Curr
Pharm Des;24:1695-1710, (2018).

J. M. Gaspar. et al., Embryological exposure to valproic acid induces social interaction deficits in
zebrafish (Danio rerio);52(Pt A):36-41. (2016).

RE.Gonzalez-Reyes et al., Curr Pharm Des.;22:812-818, (2016).

R. Kandimalla et al., Is Alzheimer's disease a Type 3 Diabetes? A critical appraisal. Biochim
Biophys Acta Mol Basis Dis.;1863(5):1078-1089, (2017).

V. Calsolaro, P. Edison, Recent Pat Endocr Metab Immune Drug Discov;10(1):31-39, (2016).
W. Farris et al., Insulin-degrading enzyme regulates the levels of insulin;100(7):4162-7. (2003).

A Martinez et al., Glycogen synthase kinase 3 inhibitors in the next horizon for Alzheimer's disease
treatment. Int J Alzheimers Dis. 280502. (2011).

M.Yarchoan, SE.Amold, Repurposing diabetes drugs for brain insulin resistance in Alzheimer
disease. Diabetes;63(7):2253-61 (2014).

Z. Kroner, The relationship between Alzheimer's disease and diabetes: Type 3 diabetes? Altern Med
Rev. 14(4):373-9 (2009).

KL.Viola et al., Why Alzheimer's is a disease of memory: (ADDLS). J Nutr Health
Aging;12(1):51S-7S (2008).

JM. Duarte et al., Metabolic Alterations Associated to Brain Dysfunction in Diabetes. 1;6(5):304-21.
doi: 10.14336/AD.2014.1104. PMID: 26425386; PMCID: PMC4567214. (2015).

TT. Nguyen et al., Role of Insulin Resistance in the Alzheimer's Disease Progression. Neurochem
Res.; 45(7):1481-1491 (2020).

L.S.S Ferreira et al., Insulin Resistance in Alzheimer's Disease. Front Neurosci. 13;12:830. doi:
10.3389 (2018).

Rorbach-Dolata et al., Neurometabolic Evidence Supporting the Hypothesis of Increased Incidence
of Type 3 Diabetes Mellitus in the 21st Century. Biomed Res: 1435276. doi: 10.1155 (2019).

H. Akiyama, et al. Inflammation and Alzheimer's disease. Neurobiol. Aging, 21, 383-421. (2010).

F. Baldacci, et.al., Diagnostic function of the neuroinflammatory biomarker YKL-40 in Alzheimer's
disease and other neurodegenerative diseases. Expert Rev Proteomics, 14(4), 285-299 (2017).

V. Balzarini, et al.Behavioral ecology and sociobiology 68 : 871-878 (2014).

V. P. Bakshi and N. H. Kalin. Neuropsychopharmacology: the fifth generation of progress 62: 884-
901 (2002).

SU. Dani et.al., Principles of Neural Aging Elsevier, Amsterdam, pp. 5-18 (1999).

M. Dobson M. Nature of the urine in diabetes. Medical Observations and Inquiries; 5:298-310
(1990).

P. Dournaud et.al., Neurobiol Aging 16(5):817—23(1995;).
R. W. Elwood, etal. Animal Behaviour 97: 63-67, (2014)
AC.Ericsson et.al.,A brief history of animal modeling. Mo Med.;110(3):201-(2013)

Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 12, No.1, (2023) 101



