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Methods predicting the probability of stroke in patients with type 2 diabetes

Risk developing of a stroke in patients with diabetes 2.8 times is higher comparatively with health persons.
Authors proposed the mathematical model «stroke-risk factors» for definition probability of developing of
stroke at patients with diabetes 2 types based on standard methods carried out in medical service. The analy-
sis of mathematical model allowed to establish the speed of increase of a stroke for urgent hospitalization of
patients.

Key words: diabetes, stroke, macrovascular complications, mathematical model of stroke-risk" factor,
macroangiopathy, cerebral disorders, predicting of stroke.

Introduction

There is a rapid increase in the incidence of diabetes mellitus (DM) now, dominant share of which is
type 2 diabetes. Type 2 diabetes is up to 95 % of all cases of diabetes [1]. The significance of this trend is
dramatically, not only within manifestation of disease by itself, but also the close pathogenetic association
with type 2 diabetes with the development of micro-and macrovascular complications.

Diabetic macroangiopathy is a frequent complication of diabetes,with a primary lesion of the coronary,
cerebral and peripheral blood vessels. One of the significant pathology that develops on the background of
macroangiopathy — an acute cerebrovascular accident (stroke),»and encephalopathy as its predecessor.
Stroke is one of lea ding causes of death in the world andds the major reason of permanent disability. [2] Ac-
cording to WHO, more than 30 million cases of stroke registered annually [3]. Disability as a result of a
stroke varies from 40 to 80 % [4].

According to the MRFIT research the risk of stroke among patients with diabetes was 2.8 times higher
than in patients without diabetes. Stroke occurs in'2.08 times mo re frequently in patients with diabetes ac-
cording to our study [5].

The main theories to explain the development’of macroangiopathy in type 2 diabetes include hypergly-
cemia, dislipidemia, oxidative stress, insulin resistance, hyperinsulinemia, endothelial dysfunction. Difficult
to say which mechanism is primary, but it is‘absolutely clear that they are part of each other and aggravate
the disease, accelerating the formation of macrovascular complications [6, 7].

Due to the high risk of’stroke in patients with type 2 diabetes it is necessary to carry out preventive
measures. It is necessary to'develop a method that forecasts the risk of stroke, taking into account possible
risk factors to implement ameffective prevention of stroke in patients with diabetes.

On the base of Centre of primary health care in Karaganda standard laboratory and hardware methods
of investigation were performed. This methods are conducted regularly in patients with type 2 diabetes.
A mathematical model predicting the likelihood of stroke in patients with type 2 diabetes was developed ac-
cording to this data.

The purpose of the study was to develop a mathematical model of «stroke-risk factors» to determine the
likelthood of stroke in patients with type 2 diabetes.

Materials and methods

In the laboratory study included 94 participants aged 40 to 83 years, with an equal inclusion of women
and men of different national and ethnic origin. There were 60 patients with diabetes mellitus in the compen-
satory stage with cerebral disorders in the group, 9 of them had a stroke for the current year. The group of
comparison consisted of 34 participants with diabetes without stroke matched for age and sex. The criteria
for inclusion in the control group were age 40-80 years, normal blood pressure, BMI within 18.5-2.5.

Surveys conducted with all of the participants in the study. The questionnaire presented questions to
identify risk factors (gender, age, height, weight, family history of diabetes and stroke, the presence of hyper-
tension and its duration, the presence of diabetes and its duration, smoking, alcohol abuse, lack of exercise,
diabetes, unbalanced diet, obesity, emotional stress, use of oral contraceptives), as well as questions that re-
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veal the presence of symptoms of ischemic attacks (sudden headache, nausea, ringing in the ears, dizziness,
weakness, loss of consciousness, motor and speech impairment). After conducting the survey all participants
underwent the following survey methods.

Measurement of BMI. Body mass index was calculated by Adolph Quetelet formula: [ = m/h"2. Meas-
urement of systolic and diastolic blood pressure. The patient was asked to relax and calm down for 15
minutes before measurement. SBP and DBP were measured by the method of Korotkov with mechanical
tonometer. Measurement of respiratory rate. Respiratory rate was measured by the auscultatory at rest.
Measurement of heart rate. Heart rate was measured by tactile method for a minute at rest. Testing, blood
glucose blood sampling was performed in the morning on an empty stomach in the standard terms. For blood
collection were used tubes Vacutainer, the level of glucose in the blood was determined by the method of So-
mogyi-Nelson.

Determination of glycated hemoglobin. Blood sampling was performed in the mornifng on an empty
stomach in the standard terms. For blood collection were used tubes Vacutainer. Determination of glycated
hemoglobin produced by using immunological reagents Vital and DR 2800 spectrophotometer with a wave-
length 443 nm.

Studies of blood coagulation (PTI, amount of fibrinogen, platelet aggregation, APTT). Blood sampling
was performed in the morning fasting in the standard terms. For blood collections were used tubes
Vacutainer. The analysis was performed on the singlechannel analyzer parameters of hemostasis Clot-1. De-
termination of blood biochemical parameters (cholesterol, triglycerides, ALT, AST,/total bilirubin, direct
bilirubin, urea, creatinine, total protein). Blood sampling was performed in thesmorning fasting in the stand-
ard terms. For blood collections were used tubes Vacutainer. For analysis teagents used with the company
Vital biochemical analyzer BioSystemA-15.

Electrocardiogram. ECG study was conducted in 12-lead electrocardiograph for BTL-088D, United
Kingdom, 2011. CDSM of brachiocephalic trunk. CDSM of\b/c the barrel held scanner MEDISON
SONOACE X8, 5-12 MHz linear probe.

According to the questionnaires and surveys conducted by expert assessments by specialists (neurolo-
gist) was diagnosed with the presence of cerebrovascular accidents. Statistical processing of the measure-
ment was carried out according to conventional methods in\the program Statistica. Square correlation matrix
was set to determine the correlation coefficient.. The distributions of the parameters subordinated to the nor-
mal distribution law [8—10].

Results

There is a significant correlation between the event «stroke» and SBP, duration of hypertension, the
percentage of stenosis of the carotid\artery in the group of patients with diabetes and cerebrovascular disor-
ders. It is interesting to note that there is @ significant correlation coefficient between diabetes disease dura-
tion and duration of hypertension. Also, there is a significant correlation coefficient between HbA1 and dura-
tion of hypertension (Table).

Table
Significant correlation coefficients
Correlation
coefficients Intervals Regression
NeX Parameter between event Intervals diapason with .
«stroke» and codes coefficients
parameter
1 2 3 4 5 6
X1 Age 0,19 Less than 60-90 1-4 -0,240133
X2 |BMI 0,05 16-31 and higher 1-4 —1,93289
X3 | Duration of hypertension 0,23 0-21 and higher 1-6 —4,16929
X4 | Stroke 1 0/1
X5 |SBP 0,34 110-191 and higher 1-9 2
X6 |DBP 0,08 60—110 and higher 1-5 —1,24113
X7 |HR 0,14 Less than 60—81 and higher 1-4 39
X8 |RR —0,01 16-21 and higher 1-3 5,31
X9 | Blood glucose 0,02 3,3—12 and higher 1-4 -3,24604
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Table continues

1 2 3 4 5 6
X10 | Cholesterol 0,04 Less than 5.2-8 and higher 1-4 —4,43646
X11 | Triglycerides 0,13 0,14-4,5 and higher 1-3 7
X12 |PTI 0,11 77-101 and higher 1-4 —4,45344
X13 |Fibrinogen 0,02 2,3-7,5 1-3 —4,57874
X14 |Platelet agregation 0,04 13-19 and higher 1-3 18
X15 |aPTT —0,03 23-41 and higher 1-3 —4,08824
X16 |ALT 0,14 0-61 and higher 1-3 —4,01144
X17 |AST 0,07 0-61 and higher 1-3 —2,47517
X18 | Total bilirubin 0,14 8,6-20,6 and higher 1-3 =1,29847
X19 |Direct bilirubin 0,15 3,4-12 and higher 1-3 —0,666565
X20 |Urea 0,07 25-51 and higher 1-4 9,620053
X21 |Creatinine 0,07 40-116 and higher 1-5 —7,49193
X22 | Total protein —0,10 Less than 65-86 and higher 1-4 1,42290
X23 | Tachycardia - Yes/No 12 0,229491
X24 | Conduction disturbances - Yes/No 1-2 1,776381
X25 | Violation of repolarization - Yes/No 1-2 —0,340166
X26 | Arrhythmia - Yes/No 1-2 —24,3798
X27 |Extrasystole - Yes/No 12 —27,0057
X28 |Normal ECG — Yes/No 1-2 1,142954
X29 |Percentage of carotid stenosis 0,29 0-99 % 1-3 6,095

0,58 7,01

0,87 7,33
X30 |Increase of peripheral resistance — Yes/No 1-2 —5,64649
X31 |Deformation of VA - Yes/No 1-2 -19,4154
X32 | Compression of VA — Yes/No 1-2 16
X33 |Increase acceleration of blood flow — Yes/No 1-2 16
X34 |[Normal DCS - Yes/No 1-2 2,914050
X35 | Glycosylated hemoglobin 0,02 4-12 and higher 1-9 0,917
X36 |Diabetes disease duration 0418 0-21 and higher 1-6 -1,38249

It was necessary to create a matrixAwith eoded values to develop mathematical model because these
studies included both qualitative and quantitative characteristics in different units of measurement.

The next step is: to determine theiregression coefficients by method of logistic regression. These factors
were the basis for the development of a mathematical model to predict the risk of stroke [9]. The mathemati-
cal model allows: to determinesthe tisk of stroke in a patient or a tendency of stroke rise in social groups, to
explore the character of change ifirthe probability of occurrence of stroke according to operating factors, to
assess the degree of influence of the studied factors on the probability, to predict the occurrence of stroke for
given levels of the factors, to\determine the optimal levels of factors to indicate required values of parame-
ters [8].

This model 1is:

y=-exp (b0 + bl *x1 +... +bi *xi)/ {1 + exp (b0 + bl * x1 +... + bi * xi)}; (N

0 <y'<l, where: y — its occurrence; b0 — free term; bl.... bi — regression coefficients of factors
x lavxi; x1.4x1 — studied factors.

The processing of the regression coefficients were tabulated.

The following is a regression equation that indicates the likelihood of stroke in patients with type 2 dia-
betes.

Y=EXP(8.155-0.240133*X1-1.93289*X2-4.16929*X3+2*X5-.24113*X6+3.9* X7+ 5.31*X8—
—3.24604%X9-4.43646*X10+7*X11-4.45344*X12-4.57874*X13+18*X14-4. 08824*X15-4.01144*X 16—
—2.47517*X17-1.29847*X18-0.666565*X19+9.620053E+00*X20—
—7.49193*X21+1.42290%X22+0.229491*X23+1.776381*X24-0.340166* X25-24.3798*X26—
—27.0057*X27+1.142954*X28+6.0955*X29-5.64649*X30-19.
4154*%X31+16*%X32+16*X33+2.914050E+01*X34+0.917*X35-1.38249*X3)/1+ EXP(8.155—
—0.240133*X1-1.93289*X2-4.16929*X3+2*X5-1.24113*X6+3.9*X 7+ 5.31*X8-3.24604*X9—
—4.43646*X10+7*X11-4.45344*X12-4.57874*X13+18*X14-4.08824*X15-4.01144*X16-2.47517*X17—
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—1.29847*X18-0.666565*X19+9.620053 E+00*X20—
—7.49193%X21+1.42290%X22+0.229491*X23+1.776381*X24-0.340166* X25-24.3798*X26—
—27.0057%X27+1.142954*%X28+6.0955*%X29-5.64649*X30-19.

4154*X31+16*¥X32+16*X33+2.914050E+01*X34+0.917*X35-1.38249* X3); 2)
It is noteworthy that tests of significance were p = 0.02038, with hi2 = 54.174 for the second group (pa-
tients with diabetes), and for the first group of p = 0.03683, with hi2 = 51.352. These significance tests con-
firm performance of the model.
Regression equation is close to functional. The derivative of the regression equation allows to determine
the development trend of the probability of stroke:

dy __a

, ) (3)
dxi (1+z)
Where: a= b0+b1+...+bi-1; z=exp b0+bl+...bi *x.
Increasing xi
dy
— 0. 4
dxi @

Function of the probability of each risk factor is hyperbole, asymptotically approaching 1, and the func-
tion of the probability of change of speed — hyperbole that tends to 0.

The resulting dependence of the rate of increase of stroke can be used to deter- mine the terms of hospi-
talization of the patient.

Discussion

There are significant correlation coefficients between the event «stroke» and elevated SBP, duration of
hypertension and a high percentage of carotid stenosis, the presence of these factors already predetermines
the development of cerebrovascular accidents. It takes such a low number of parameters in patients with dia-
betes for the development of stroke, due to pathologically,alteredistate of the vas- cular wall, their changed
architectonic and endothelial dysfunction.

The glycation end products (GEP) are formed,in diabetes. GEP circulating in the bloodstream bind the
proteins of the extracellular matrix of blood vessels.\In addition, GEP have the following effects: increase
permeability between endothelial cells, violate the bioavailability of NO to the smooth muscle cells of arteri-
oles and initiate the secretion of cytokines'by macrophages -primary mediators of inflammation [11]. These
processes lead to endothelial dysfunctiony, thickening of the basement membrane, decreased elasticity, in-
creased vascular tone, the violation of their architectonic. According to McDermott, glycosylation end prod-
ucts independently contribute to_the|development and maintenance of high blood pressure in patients with
diabetes mellitus, disrupting normal sensitivity to the action of the vessel walls of vasodilator substances.
The irreversibility of the molecules glycosylation end products explains the continued progression of micro-
and macrovascular complications even with very good compensation of diabetes [12].

Violation of NO-producing endothelial function is primarily due to the development of angiopathy and
atherogenesis. Inadequate NO production not only leads to reduced vascular relaxation and spasm, but also
to an increased vascular permeability of proteins and lipoproteins, to the rapid proliferation of smooth mus-
cle cells to unhindered expression of adhesion molecules on endothelial cells to increased thrombosis. All of
these processes,lead to an imbalance between vasodilator and vasoconstrictor, prothrombotic and antithrom-
botic, anti-inflammatory and pro-inflammatory, anti-sclerotic, proliferative factors in side of prevalence the
latter [6].

As pointed Mkrtumian [6] et al. alteration of endothelium expresses adhesion molecules, including
ICAM-1 to facilitate the penetration of monocytes crowded lipids in the subendothelium. These abnormali-
ties ate probably promote lipid accumulation in the vascular wall, proliferation and migration into the intima
of smooth muscle cells of arteries and increase their production of collagen and elastin, developing platelet
microaggregates. Recent shape the microembolisms vasa-vasorum large arterial vessels with local changes of
the vascular wall, which ultimately leads to the development of atherosclerosis and thrombosis.

There are three components of the underlying etiology and pathogenesis of stroke: an inadequate cardi-
ovascular activity, altered state of brain vessels and disturbances in coagulation [13, 14]. The above patho-
logical processes lead to abnormalities in both the cardiovascular system and the inadequacy of blood supply
of the brain, atherosclerotic vascular changes and activation of coagulation processes [15-17].
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As a result, the long duration of hypertension, high SBP and the high percentage of carotid stenosis in
patients with type 2 diabetes are sufficient risk factors for the appearance of stroke.

Conclusions

Obtained results led to the following conclusions about sufficient quantity of three risk factors (elevated
SBP, prolonged hypertension, and a high percentage of stenosis of the carotid artery) for the occurrence of
acute ischemic attack in patients with type 2 diabetes, due to a significant correlation coefficient between the
event «stroke» and examined factors. A methodology was developed to predict the occurrence of stroke in
patients with type 2 diabetes. It was based on standard methods regularly conducted in hospitals. The'analy-
sis of the mathematical model allowed us to establish the rate of increase of stroke in order to monitor its
trend and provide timely hospitalization to the patient.
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®.A.Munny6aesa, M.A.Kaniposa

2 TunTeri KaHT AuadeTiMeH aybIpaTbIHAAP/AA HHCYJBTTIH Naiaa 001y bIHBIH
BIKTUMAJIIBIFBIH 00J12KaY d/licTemMeci

Makanaga 2 THOTI KaHT [uabeTiMeH aybIpaThlH MALUCHTTEPIIH HHCYIbTKE WIANJBIFY MYMKIHIITIH
MaTeMaTHKaJIBIK yIriney OoifbiHIma akmapat yceiHbutran. Kaparannsl kamaceiHaa Ne2 AMCK werizinnme
YJIKEH KeJIeM/Ie 3epTXaHaNBIK JKOHE alapaTThIK 3epTTeyep xyprisinai. CoqaH KeiiH HHCYJIBT OKUFAChl MEH
3epTTedreH (aKTOpiIapiAblH apachIHAAFbl Koppensius Koddduumentrepi aHplkranael. Keneci keseq
JIOTUCTUKAIBIK PErpeccHst 9IICIMEH «ToyeKeNIiH HHCYIBT-(aKTOpIaphl» PErpecCHBTI MOJETIH KYPacTHIpY
GoutbI TaOBIIABL. AJBIHFAH TEHACYJIEp HHCYIBTTIH OO0y KayilliH aHBIKTayFa MYMKiHIIK Oepeni. Perpeccus
TEHJICYl 63 MOHI OOWBIHIIIA IETEPMHUHJICITEHTE XKAKbIH OOJFaH/IBIKTaH, OHBI MU QepeHnusiayra 6omamapl. Op
Toyekeln (akTopbl OOWBIHINA AJIFAIIKBI TYBIHABI BIKTUMAJIBIKTBIH ©CY KbUIIaMbIFBI aHBIKTaIIbI Oepeni. by
KayJIbl JkaHa OOJIBII TaObUIAAbIL.
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MeToauka NpOrHO3MPOBaHUS BEPOSITHOCTH BOSHUKHOBEHHUS HHCYJIbTA
y 00JIbHBIX CAXapPHBIM AUA0€TOM 2 THIIA

Prck BO3HMKHOBEHUS MHCYJIbTa CPEAU NMAIMEHTOB C CaXapHBIM anaberoM B 2,8 pasa BBIIIE 10 CPABHEHHIO
C IMI[AMH, HE HMEIOUIMMH ero. ABTOpaMM NpENIOKEHa METOIAMKAa MAaTeMaTHUECKOW MOJENH «UHCYIbT-
(bakTopBl pUCKa» IS ONpPENeIeHHs] BEPOITHOCTH BOSHHUKHOBEHHS MHCYJIBTAa y OOJBHBIX JuabeToMm 2 Tuia.
Mertoanka OCHOBaHa Ha CTAaHAAPTHBIX METOAAX HCCIIEA0BAHMS, PETYISIPHO MPOBOJUMBIX B JIEUEOHBIX YUPEXK-
JEeHUAX. AHaITM3 MaTeMaTU4eCKOH MOJIENHU MO3BOJHI YCTAHOBUTH CKOPOCTh HAPACTAHUS MHCYIIBTA C LIENBIO
CBOEBPEMEHHOH FOCTIUTANIN3ANNH OOJIBHBIX.
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