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COCYAIMCTOrO TeHe3a Habonaioch Hemocrarounoe cHmwkenwe —according MRI, there was an insufficient reductiorblood
AJl HOYblO B cpaBHeHMH C mamuentamud rTpymnsl 1. Y pressure at night compared with patients in group the
GompumucTBa (58,9 %)maunenTtos, ckopocts Hapactanust Allcer.  Majority (58.9%) of patients the rate of risingsgétolic blood
yTpoM Obula yBeNMYEHa, YTO CBHACTENLCTBOBaNO mpo pressure in the morning was increased, which itelica
BEPOSTHOCTh HEraTHBHOTO BIMSHMS Ha coCyaucTyio cucremy B Possibility of negative influence on the vasculgstem in the
OTCYTCTBHE SIBHBIX NpH3HaKoB Harpy3ku AJl maxe ma ¢one absence of obvious signs of the burden of bloodspire even
AHTHITUIICPTCH3UBHON Tepanmuy y MaumyeHToB ¢ HadanbHeiMH At the background of antihypertensive therapy tiepts with
nposiBneHussMu XM, VBenudeHune Harpysku cucroimueckuM initial manifestations of chronic cerebral ischeniizcreased
AJ] HOYBIO 3HAYMMO BIMSIIO Ha PHCK CTpyKTypHOro mopaxenus load by systolic blood pressure at night signifttaaffected
TOJIOBHOT'O MO3ra. the risk of structural damage of the brain.
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The article presents some possibilities of the oethf evaluating the development of arterial hygeston (AH) in
patients with newly diagnosed type 2 diabetes msllthrough the development of a mathematical méatepredicting AH
occurrence by the levels of statistically proveschiemical and anthropometric indicators.
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Type 2 diabetes mellitus (DM) is a global mediaadl ocial problem, since its development and
progression are associated with a considerable euaildisability cases, as well as an increaseadrtatity
rates due to its cardiovascular complications weideé [4]. Numerous prospective studies have
demonstrated that in type 2 DM without co-existAHt, the risk of developing ischaemic heart disease
(IHD) and cerebral stroke is 2-3 times higher dmarisk of developing renal failure is 15-20 tinmégher
as compared to the population without DM. The cstexice of DM and AH increases the risk of develgpin
such complications twofold even in satisfactorytecolnof glycemia and dyslipidemia [1, 2, 7, 9].

The purposeof the studywas to develop a mathematical model for predictivegyoccurrence of
cardiovascular complications, namely AH, in patsewith newly diagnosed type 2 DM by the levels of
statistically proven biochemical and anthropometriticators.

Materials and methods. There were examined 40 patients with newly diagdaype 2 DM
without cardiovascular pathology at baseline. A# patients underwent complete physical examination
laboratory, clinical and instrumental examinatiogiszyme immunoassay testing.

All the patients underwent an anthropometric evdua To diagnose obesity and its degree, there
were used the World Health Organization (WHO) dfasgion criteria and the determination of bodyssa
index (BMI) by the following formula: BMI = body vight (kg) / height (rf) [8]. The diagnosis of type 2
DM was made according to the recommendations oMk experts.

The concentration of total cholesterol (TC) and -ldewnsity lipoprotein (LDL) cholesterol was
determined using the peroxidase method by mean€hmilesterol liquicolor reagent kits (Human
Diagnostics, Germany); the concentration of triglyjdes (TG) was determined using the enzymatic
colorimetric method by means of Triglycerides GP&tmod reagent kit (Human Diagnostics, Germany);
the concentration of LDL cholesterol was determinsihg the enzymatic colorimetric method by means
of Human diagnostic kits (Human Diagnostics, Genyan

Enzyme immunoassay testing (a solid-phase enzymkediimmunosorbent assay) included the
determination of serum insulin and leptin levelsngsthe commercial ELISA kits (DRG Diagnostics,
Marburg, Germany), the determination of serum tesikevels using the commercial ELISA Kkits
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(BioVendor, Czech Republic), the determinationeruen C-peptide levels by ELISA using a commercial
assay kit (Monobind Inc., CA, USA), the determipatiof serum soluble platelet selectin (sP-selectin)
levels using a commercially available ELISA kit (Ber MedSystems GmbH, Vienna, Austria), tumor
necrosis factor: (TNF-0) levels using the commercially available ELISAsk{Diaclone, France). Serum
level of glycated haemoglobin (Hh&) was determined using a highly sensitive catiwchange high-
performance liquid chromatography method by medm@ssemi-automatic analyzer the D-10 and reagent
kits (Bio-Rad, USA).

In our research work, we have analyzed 16 factwasely the patients’ age, BMI, the waist-
to-hip ratio (WHR), the levels of leptin, resistisR-selectin, IL-2, IL-6, TNk, HbA:C, insulin, C-
peptide, TC, LDL cholesterol, HDL cholesterol, nesterified fatty acids (NEFA) which, according
to the literature and own observations, could dffgd development in patients with type 2 DM {5
6]. Information on these factors was analyzed imiatedy after the detection of type 2 DM and if the
patient did not suffer from any cardiovascular pé&tlyy. Then, after a certain period of time (12
months), health status of patients included in #tedy was analyzed for the occurrence of
cardiovascular pathology.

The method of logistic regression was used to éshakhe reliability of the influence of the
aforementioned factors on the development of Aplatients with newly diagnosed type 2 DM but without
this complication who were under our observationdg/ear. This statistical method allows identifyin
factors that have prognostic value for AH developtiie their combination among all the biochemiaad a
anthropometric indicators being recorded in a patvehen detecting type 2 DM. Logistic regression is
applied to detect the relationship between one mtdgrd variable and one or more independent vasable
as well as to predict the value of one dependendhe (e.g. AH occurrence) based on the valugloéro
(independent) variables. This method is used ifedepnt variable can take on two values only which
completely corresponds to our tasks [3]. This stigil method allows identifying factors that have
prognostic value for AH development in their conaiian among all the biochemical and anthropometric
indicators being recorded in a patient when deigdlype 2 DM. Logistic regression is applied toedét
the relationship between one dependent variableoaedor more independent variables, as well as to
predict the value of one dependent variable (eklfjocurrence) based on the value of other (indepethd
variables. This method is used if dependent vegialsin take on two values only which completely
corresponds to our tasks [3].

The stepwise logistic regression method with tlotusion of signs was applied and approximately
50 iterations (the process of applying mathematparation repeatedly using different data whidbwves
us to gradually approach the correct result) weréopmed in every analysis to create the most ateur
model.

With the use of regression analysis, there wenetifiked risk factors for AH development.

The evaluation (Z) of AH development is carried bythe formula:

Z = K+ Baxi + Baxz + ... Buxn, (1)

where K is a constant,

ﬂ_are coefficients of each factor,

i are factor values.

Accordingly, the following formula is used to evata the development of AH:
Z = 2.81*BMI + 0.458*resistin + 0.012*sP-selectin G:311*IL-6 + 0.1228*TNFe. — 0.995* LDL
cholesterot 106.87
If the result is less than 50%, it is assessed‘asramal risk” for AH development; if the resul greater
than 50%, it is assessed as a “high risk” for AMadepment.

The probability of AH occurrence (p) depending twe selected factors is calculated by the
formula:

p= LCT *100% (2)
wheree = 2.72... is the base for natural logarithms.
Results of the study and their discussionWe have determined which factors among 16 analyzed
affect the probability of AH development and wh#eet has their combination in patients with newly
diagnosed type 2 DM.

The values of regression coefficients of selecéetbfs are presented in Table 1.
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Table 1
Results of regression coefficients towards probality of AH development in patients with newly diagnesed
type 2 DM according to the method of logistic regresion

No Factors Symbol Regression coefficienf()

1. BMI, kg/m? A 2.810

2. Resistin, ng/ml B 0.458

3. sP-selectin, ng/ml C 0.012

4. IL-6, pg/ml D 0.311

5. TNF-a, pg/ml E 0.122

6. LDL cholesterol, mmol/l F 0.995
Constanf3o -106.87

The reliability of the calculated coefficients wasrified using the Wald method; the reliability of
the model was verified using the Chi-Square tebt:SZjuare value of 13.003 indicates a reliable rhode
with error probability of 4.3%p=0.043).

Nagelkerke R Square value of 0.95 allows us toratsa in all the patients with newly diagnosed
type 2 DM, the combined effect of 6 factors anatiydeterminates the development of AH in 95%, while
in 5 %, AH occurrence is determined by other factming not included in the regression model.

Accordingly, we can state that among 16 factordyaed, six factors, namely the levels of resistin,
sP-selectin, IL-6, TNFe, LDL cholesterol and BMI may provoke AH developrhanpatients with newly
diagnosed type 2 DM i.e. the higher the valueadtdrs analyzed, the higher probability of AH ocence.

Having applied the results obtained using the neetidogistic regression to the formula, we have
obtained Z value for the determination of the pholits of AH development (1.1):

Z = 2.81*A+0.458*B+0.012*C+0.311*D+0.12ZF-0.995*F-106.87 (1.1),

where: A — BMI, kg/n;

B — resistin, ng/ml

C — sP-selectin, ng/ml;

D - IL-6, pg/ml;

E — TNF«, pg/ml;

F — LDL cholesterol, mmol/l.

We present some cases of the prediction of AH dgveént in patients with newly diagnosed type
2 DM.

Clinical case 1. A 43-year-old patient A. presenigith newly diagnosed type 2 DM. According
to examination results, BMI was 34.0 kﬁ/rresistin level was found to be 4.11 ng/ml, skec#h level
was 280.21 ng/ml, IL-6 concentration was 0.78 pg/iNF-o level was found to be 2.47 pg/ml, LDL
cholesterol level was 3.24 mmol/l.

Having carried out the necessary
100,00 calculations according to the formula
(2.1), Z value for the risk of AH
development was found to be “-2.23”
and the individual risk of AH
development was 9.67%.
Thus, we obtained a low value for
the probability of AH development, i.e.
in appropriate pathogenetic therapy, this
patient would not develop AH. Further
observation for 12 months
demonstrated that this patient did not
Sensivity (Se) Specificity (SP) Accuracy develop any symptoms of AH, i.e. our
Fig. 1.Criteria for diagnostic accuracy of the proposedieidor predicting AH model WaS correct.
development according to the method of logisticgeesion Clinical case 4. A 60-year-old
patient B. presented with newly diagnosed
type 2 DM. According to examination results, BMIsv@5.28 kg/rf resistin level was found to be 1.98
ng/ml, sP-selectin level was 220.82 ng/ml, IL-6 @amtration was 4.81 pg/ml, TNktevel was found to
be 10.22 pg/ml, LDL cholesterol level was 1.38 mimnol
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Having carried out the necessary calculations adegrto the formula (1.1), Z value for the risk
of AH development was found to be “0.002” and thdividual risk of AH development was 50.05%.

Thus, we obtained high values for the probabilftyrdfavorable prognosis, i.e. in standard therapy,
this patient would develop AH. Further observafimnl2 months demonstrated that this patient dgezlo
the symptoms of AH which coincided with our progisos

We have analyzed information on all the patientthefstudy group to determine the diagnostic
accuracy of the proposed model for predicting AMali@oment (Fig.1). The probability of developing AH
within a year in preliminary predicted high risk AH occurrence, i.e. test sensitivity was foundcot
100.0%; the probability of the negative result ifavorable prognosis, i.e. test specificity wasidto be
94.44%; the accuracy (the proportion of true pesiind true negative test results) was 95.00%.

The probability that the patient would develop Atpositive prognosis, i.e. the positive predictive
value was 66.7%; the probability that the patieatila not develop AH in unfavorable prognosis, ihe
negative predictive value was 100.0%.

When analyzing the results obtained, it can bedttditat the model for predicting AH development
elaborated in this study has 100% sensitivity jfi. e prognosis results indicate that the pasienat high
risk of AH development — in standard therapy, unfable results should be expected. This informaton
of great practical importance from the medicaljaand economic point of view, since it allows taxtor
to start the prevention of these diseases evemétfe onset of their manifestations.

At the same time, the results of specificity of gregnostic models obtained being over 94%
indicate that in appropriate pathogenetic ther&py development should not be expected.
Mathematical prediction allows detecting patients hegh risk of developing unfavorable
outcomes. Timely treatment and constant controt oslk factors allow selecting an effective pathoggec
method of treatment and reduce the risk of devatppardiovascular complications in patients witpety
2 DM.
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INPOTHO3YBAHHSA PO3BUTKY APTEPIAJIBHOI IMPOI'HO3UPOBAHUE PA3ZBUTUA APTEPUAJIBHOU

TIIEPTEH3I Y XBOPHX I3 BITEPIIE TUNEPTOHUU Y MNAIIMEHTOB C BIIEPBBIE
BUSIBJIEHUM JIABETOM 2 TUITY JUATHOCTUPOBAHHBIM JUABETOM 2 TUIIA C
3A TOMOMOTI'OIO JJOTICTUYHOI PETPECII HCIOJIb3OBAHUEM JIOTHCTUYECKOM PET'PECCUU
Ypoanosuu A.M., Kocriupka 1.0, Ypoanosuu A.M., Kocruukas H.A.,
KypakiBeska O.51. Kypakosckas O.51.
V cTaTTi NpeAcTaBIeHo AesSKi MOXKIIMBOCTI METOLY B crarbe mpencTaBiieHBl HEKOTOPBIE BO3MOXKHOCTH METOJa

OLIIHKH PO3BHUTKY aprepianbHoi rineprensii (AI') y XBOpUX  OLICHKH Pa3BUTHsI apTepHanbHOM runepronnn (Al') y MauueHToB ¢
Ha BIIEpIIIE BUSBJICHHUH IIyKPOBUii iabeT 2 THITy HIISXOM  BIIEPBBIC JUAarHOCTHPOBAHHBIM CaXapHbIM 11abeToM 2 THIa IyTeM
pO3pOOKM  MareMaTH4YHOI ~ MOAENI  INPOTHO3YBaHHA pa3pabOTKM  MaTEMaTHYECKOH  MOAENM  NPOTHO3HMPOBAHUS
BUHUKHEHH Al 3a pIBHAMHM CTaTHCTHYHO JOBEICHUX BO3HMKHOBEHUS Al IO ypPOBHSM CTaTHCTHYECKH ITOJTBEPKICHHBIX

010XIMIYHUX Ta aHTPOIIOMETPHYHUX MOKA3HHUKIB. OMOXMMHYECKHUX U aHTPOIIOMETPUICCKUX TIOKa3aTeIeH.
KiawuoBi caoBa: wnykpoBuit pgiaber 2 tumy, KitoueBsie ci1oBa: caxapHblil quader 2 Tuma, apTepraibHas
apTepianbHa TinepTeHsis, MaTeMaTHYHe IPOTHO3YBaHHS.  THIIEPTEH3Ms, MaTeMaTHIECKOe IIPOTHO3MPOBAHNE.
Crarrs Hapgiina 25.06.18p. Penensent Cxpunuuk I.M.
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