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MATHEMATICAL MODEL OF DIABETIC ENCEPHALOPATHY
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ABSTRACT
Introduction: Diabetes mellitus (DM) is one of the leading risk factors for cerebrovascular disorders. The risk of stroke is 3-4 times higher in this population. In 10% of cases of 
vascular accidents in diabetic patients leads to fatal. The mortality rate for ischemic stroke is undergoing 50-60?o and 70-95% of hemorrhagic form. It is known that diabetes 
increases the course of acute disorders of cerebral circulation. At the same time, there are data that about 415 million of the inhabitants of the planet suffer from diabetes, in 
95% of cases they have type 2 diabetes, which is the second risk factor for the development of ischemic stroke after an arterial hypertension. This determines the relevance of 
studying the factors that affect the development of the ischemic process in patients with diabetes
The aim of this research is to optimize the methods for diagnosis of diabetic encephalopathy based on a study of indicators of cerebrovascular hemodynamics, functional state 
of the brain, metabolic disorders and morphological characteristics of the brain tissue.
Materials and Methods:: It was carried out a comprehensive survey of 537 patients with diabetes, including type 1 diabetes is set to 342 (63.7%) type 2 diabetes - in 195 
(36.3%) patients. In 108 (20.1%) patients with diabetes, the clinical syndrome DE not identified in 429 (79.9%) - found DE I, II and stage III disease.
Conclusions: Construction of mathematical model allows to objectify the diagnosis where with the help of clinical and metabolic parameters without expensive equipment. 
At the same time, the availability of informative indicators identified will allow the doctor to diagnose DE the early stages or to predict its development and to discover at the 
preclinical stage.
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IN T R O D U C T IO N
Diabetes mellitus (DM) is one of the leading risk factors for 
cerebrovascular disorders. The risk of stroke is 3-4 times 
higher in this population. [1,2]. In 10% of cases ofvascular 
accidents in diabetic patients leads to fatal [5] The mortality 
rate for ischemic stroke is undergoing 50-60% and 70-95% 
of hemorrhagic form. It is known that diabetes increases 
the course of acute disorders of cerebral circulation [2, 4, 
6]. At the same time, there are data that about 415 million 
of the inhabitants of the planet suffer from diabetes, in 
95% of cases they have type 2 diabetes, which is the second 
risk factor for the development of ischemic stroke after 
an arterial hypertension. This determ ines the relevance 
of studying the factors that affect the development of the 
ischemic process in patients with diabetes. [1,3,6,8,9,13]..

D iab e tic  an g io p a th ic  e n c e p h a lo p a th y  p reced es 
and accompanies acute stroke. [1,2,10,12]. D iabetic 
encephalopathy (DE) is a symptom of various pathological 
processes associated with im paired hemodynamics and 
liquorodynamics, which is based on metabolic changes in 
the brain. Pathogenetic basis of brain damage in diabetes is 
diabetic micro- and macroangiopathy leading to degenerative, 
hypoxic changes, causing structural damage, sometimes 
irreversible. Many authors believe that the defeat of 
cerebrovascular cause of complex metabolic disorders, which 
are based on absolute or relative insulin deficiency. For others,

the main role in the cerebral circulation plays atherosclerosis 
in patients with diabetes who develop earlier and progresses 
faster than in those without diabetes [2,5,7]. There is no doubt 
that an important place in the development of cerebrovascular 
events takes arterial hypertension, which is significantly more 
common in patients with diabetes [3,4,7,11]. It was found 
that cerebrovascular disorders in diabetes due to the change 
in arterioles, capillaries and venules, mainly cortical brain, 
characterized by the same histological features and diffuse 
form of diabetic microangiopathy [1,2]. Thus, various forms 
of DE is a frequent and dangerous complication of diabetes, 
but the issues of diagnosis, treatment and prognosis in these 
patients insufficiently developed and require further study.

TH E  A IM
The aim of this research is to optimize the methods for 
diagnosis of diabetic encephalopathy based on a study of 
indicators of cerebrovascular hemodynamics, functional 
state of the brain, metabolic disorders and morphological 
characteristics of the brain tissue.

M A TE R IA LS  A N D  M E T H O D S
It was carried out a comprehensive survey of 537 patients 

with diabetes, including type 1 diabetes is set to 342
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(63.7%) type 2 diabetes - in 195 (36.3%) patients. In 108 
(20.1%) patients with diabetes, the clinical syndrome DE 
not identified in 429 (79.9%) - found DE I, II and stage III 
disease, it should be noted that the clinical signs DE esta
blished on the basis of generally accepted classification [
1, 7].Stage I installed in 56 (13.0%) patients with diabetes 
type I and 28 (6.5%) patients with type 2 diabetes, these 
were patients with moderate disease duration of 5-10 years. 
Stage II installed in 124 (28.9%) patients with diabetes 
type I and 114 (26.6%) patients with type 2 diabetes, these 
patients secondary and severe forms of the disease with a 
duration of 10-20 years. Stage III installed in 54 (12.6%) 
patients with diabetes type I and 53 (12.4%) patients with 
type 2 diabetes, these patients severe illness and disease 
duration of 20 years. Due to the heterogeneity of the gro
ups in the distribution of patients according to the stage 
where the studied parameters were analyzed in patients 
according to the type of diabetes, duration and severity 
of the disease. Depending on the duration and severity . 
distribution of patients into five groups. The degree of 
severity of diabetes was assessed in accordance with the 
applicable criteria [1,7].

Group I included 108 patients with type 1 diabetes of 
moderate severity with disease duration up to 5 years in 
age from 20 to 25 years. According to gender, patients in 
group I were as follows: women - 46 men - 62.

Group II consisted of 110 patients with type 1 diabetes of 
moderate severity with the experience of the disease 5-10 
years, aged 20-35, had 56 women, 54 men.

Group III presented 124 patients with type 1 diabetes 
with severe aged 34-50 years with disease duration of 10- 
20 years, among them there were 69 men, women - 55.

IV group consisted of 102 patients with type 2 diabetes 
at the age of 45-50 years, suffering from diabetes for 10 
years, from them women - 58 m en - 44.

Group V included 93 patients with type 2 diabetes with 
severe disease at the age of 53-67 years and 10-20 years 
duration. In the group there were 65 women and 28 men.

All patients was on the examination and treatment in the 
regional endocrinology departm ent of Donetsk Regional 
Clinical Territorial Medical Center.

A comprehensive study of carbohydrate metabolism 
(glucose fasting, glycated haem oglobin H bA lc), lipid 
status (cholesterol, a lpha-cho leste ro l, trig lycerides, 
lipoprotein low density lipoproteins of very low density 
lipoprotein , high density  level apopro te in  - Apo-A, 
Apo-B, calculated atherogenic index ). The state of lipid 
peroxidation  (m alonic d ialdehyde, d iene conjugate 
peroxide hemolysis of erythrocytes, concentration of 
vitamin E), blood coagulation system (prothrombin index, 
recalcification time, tolerance plasma heparin, fibrinogen, 
fibrinolytic activity, factor XIII). In addition, research 
conducted instrum ental, studied the cerebral vascular 
system by transcranial doppler and rheo encephalography 
(extracranial and intracranial sonography). Functional 
brain activity was studied by electroencephalography. The 
nature of pathological changes in the brain was evaluated 
by intravital imaging - CT.

The material for the morphological study were 11 cases 
section, persons who were ill during the life of diabetes 
and were diagnosed diabetic encephalopathy.

Statistical analysis of the results obtained from the use of 
variations, correlation, regression, single and multivariate 
analysis of variance was carried  out using com puter 
programs. In order to construct a mathematical model 
that describes the disease process (presence of diabetic 
encephalopathy) Neural Networks methods used modeling 
m ethods for construc ting  logical regression models. 
Evaluation of diagnostic characteristics of the models 
carried out by calculating the sensitivity of the model and 
its specificity.

*

RESULTS A N D  D IS C U S S IO N
At the time of the survey patients with diabetes of all groups 
were able to sub- and decompensation. No significant 
differences between groups in the level H bA lc were found.

In the study conducted an analysis of the lipid metabolism 
in diabetic patients allowed to install these laws. In patients 
w ithout clinical evidence of DE (I group) with type I 
diabetes disease duration of five years, hyperlipidemia 
was no t found. In p a tien ts  w ith  DE suffering from  
type I diabetes, m oderate, with disease duration more 
than 5 years (group II) hypoalphaholesterynemia with 
norm al cholesterol (Ch) led to increased atherogenic 
index (AI). For this group was also characterized by 
hypertriglyceridemia and increase the level of low density 
lipoprotein (LDL). Patients with DE with severe diabetes 
type I, suffering more than 10 years (group III) and type 2 
diabetes (IV, V group) set unidirectional changes in lipid 
metabolism. High concentrations of LDL and low HDL 
alpha-IA identified significant growth. In these groups, 
found a significant increase in atherogenic lipoprotein 
fractions, but significant differences between the groups 
were found. Grossest changes in lipid profile in patients 
with established DE suffering from type 2 diabetes (IV, V 
group), but they were not statistically significant compared 
to the third group. Thus, lipid metabolism is an important 
factor in the formation DE in diabetic patients.

In the study of coagulation param eters in diabetic 
patients without clinical signs of DE, it found no violation 
of the blood coagulation system. W ith an increase in the 
duration and severity of the disease on the background of 
the development of DE progressed hemostatic disorders. 
Most rough change of blood coagulation in patients with 
DE , with severe type 1 diabetes, with disease duration 
of 10 years (III group). In patients with type 2 diabetes 
accounted for IV and V group, figures on the degree of 
coagulation abnormalities consistent with group III, with 
significant differences between the groups IV and V were 
not found. It was conducted a multivariate analysis of 
correlation between coagulation parameters and indicators 
rheoencephalography. There was an inverse correlation 
(p<0,05) betw een the geographic index (PI), which 
determ ines the relative value of the pulse volume and 
fibrinogen (r = -0,37). Dicrotic index (DI), reflecting mainly
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Table 1. D iag no stics  o f  th e  d ia b e t ic  e n c e p h a lo p a th y

In d ica tio n
Training set Test set

P o sit iv e  a s se ss m e n t N e g a tiv e  a s se ssm e n t P o s it iv e  a s s e s s m e n t N e g a tiv e  a sse ssm e n t

Total cases 105 124 29 21

True
diagnosis 95 114 27 19

Wrong diagnosis 10 10 2 2

the tone of the arteries, also correlated with fibrinogen 
(r = -0,39). It was established connection between the 
diastolic index (DTI), which m ainly characterizes the 
state of the outflow of blood from the arteries to the veins 
and venous tone, with fibrinogen (r = -0,39). Noted an 
inverse correlation (p<0,05)elastic modulus (MP), which 
reflects the elastic properties of the of blood vessels, 
and fibrinogen (r = -0,36). The direct dependence (p 
<0,05)of the asymmetry coefficient (AC), the index of 
hemispheric asymmetry pulse volume, and fibrinogen (r 
= +0,58). So, high levels of fibrinogen, as a manifestation 
of hypercoagulable reduces pulse blood filling, shock 
m icrocirculation, venous discirculation developm ent, 
increasing rigidity and heterogeneity of cerebral vascular 
blood supply of the brain. The correlation with indicators 
of fibrinogen rheoencephalography (REG) suggests that 
hyperfibrinogenemia is one of the essential factors in the 
development of vascular encephalopathy in patients with 
diabetes, which is the basis of formation of DE.

In the study of lipid peroxidation (LPO) in patients 
with no clinical m anifestations DE (I group) the level 
of malondialdehyde (MDA), the peroxide hemolysis of 
red blood cells (PHE) and vitamin E did not differ from 
controls, but there was a significant increase of conjugated 
diene (C C ). Patients with ED, which am ounted II, III, IV 
and V marked activation of LPO that apparent increase in 
MDA, CC PHE compared with the control group and, and. 
Strengthening contributed inhibition of lipid peroxidation 
antioxidant that demonstrated decreased levels of vitamin 
E. The most pronounced changes in the indices of lipid 
peroxidation and the level of vitam in E, set in groups 
III and V, in diabetic patients w ith severe, significant 
differences between the groups III and V were not found.

Thus, the activation of lipid peroxidation and inhibition 
antioxidant protection, first of all, determ ining of the 
severity disease. Among the indicators characterizing the 
LPO, the most significant changes have been an indicator 
of a conjugated diene.

When ultrasound extracranial departm ent of the main 
arteries of the head (MAG) in patients without clinical 
manifestations DE (I group) pathological’disorders were 
not found. In diabetic patients with the presence of DE, 
the following changes in cerebral blood flow. In Group 
II, revealed a tendency to decrease speed indicators of 
arteries, against the background of a slight thickening of 
the vascular wall. In the third group of patients were found 
changes in the vascular wall, characteristic of early stages 
of atherosclerosis (changing contours of blood vessels,

increased intim a-m edia complex (IMC). Patients groups 
IV and V were found changes in the vascular wall, the 
appropriate dissemination of atherosclerosis.

Thus, the expressgd atherosclerotic changes of the vessel 
wall and a significant downward trend  in high-speed 
performance established in patients with type 2 diabetes, 
defines a part of the development of cerebrovascular disease 
in these patients.

Analysis of cerebral hem odynam ics in patients with 
diabetes according to the intracranial doppler, revealed the 
following patterns. In patients without clinical symptoms 
of DE (I group), systolic blood flow velocity (SBFV) for 
the intracranial arteries do not differ from the age norm. 
Speed characteristics of cerebral blood flow in patients 
with DE, who were included in the II, III, IV, V group were 
significantly reduced compared to age norm. Reduction 
of systolic blood flow velocity in the intracranial arteries 
in patients with DE due to the development of diabetic 
macroangiopathy. A significant deviation from the SBFV 
age norm  due to the fact that diabetes contributes to early 
and progressive development of atherosclerosis, wThich 
is a risk factor for DE. It should be noted that the rate of 
decline in the rate of cerebral blood flow grew depending 
on the severity and duration of diabetes.

In determ ining the functional state of the brain in 
diabetic patients with DE established the dominance of 
the brain changes the background rhythm, the presence of 
moderately disturbed electroencephalogram (EEG), altered 
reactivity in functional studies.

C om puter to m ography  (CT), in d iabetic patien ts 
examined revealed ind irect signs of cerebral vascular 
pathology, such as: diffuse white m atter density reduction, 
mainly in the frontal, the presence of small hypointense 
lesions extension of the ventricular system. There was a 
direct relationship between the CT changes and the type 
of diabetes, duration of disease, stage of compensation, 
the age of patients.

A study morphological study of the brain in people 
with diabetes showed that the main manifestations of DE 
is a diffuse alteration of the basal membrane and vascular 
endothelial m icrovasculature as white, and the cortex: 
capillaries precapillaries, venules and, to a lesser extent, 
arterioles, intracerebral arteries and veins.

A large num ber of subjective characteristics of the 
DE, the lack of clear criteria for differential diagnosis of 
diabetic encephalopathy, greatly complicates the diagnosis 
in each case. To identify the factors that most associated 
with the development of diabetic encephalopathy, used
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genetic algorithm selection. As a result of the algorithm, 
which consists of 31 investigated the clinical and metabolic 
param eters were selected five attribu tes, such as the 
severity of diabetes (XI), the duration of disease (X2), 
total cholesterol (X3), glycosylated hem oglobin (X4), 
diastolic blood pressure (X5). According to the specified 
set of features developed diagnostic m odel of diabetic 
encephalopathy.

The model is described by the equation:
Y = 0 , 11 7x  X 1 +0 1 , 0 4 2 x X 2  + 0, 0 2 9 x X 3  + 0 , 0 1 7x  

X4+0,0061xX5-l,00
XI - the severity of diabetes; X2 - the duration of 

the disease; X3 - total cholesterol; X4 - glycosylated 
hemoglobin.

Diagnostics of the diabetic encephalopathy using this 
model are shown in Table 1.

As a result, in calcu lating  the  co n stru c ted  m odel 
with meaning Y >0,468 diagnosed negative assessment 
(presence DE), otherwise diagnosed positive assessment 
of (lack DE). The sensitivity of the model to the training 
set was 91.1% (Cl 85.5 - 95.5%), specificity - 91.4% (Cl 
85.3 - 96.0%).

C O N C L U S IO N S
Construction of mathematical model allows to objectify 
the diagnosis where with the help of clinical and metabolic 
parameters without expensive equipment. At the same time, 
the availability of informative indicators identified will allow 
the doctor to diagnose DE the early stages or to predict its 
development and to discover at the preclinical stage.
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