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MATHEMATICAL MODELING AND ANALYSIS OF HUMAN CARDIOVASCULAR
SYSTEM INDICATORS

Cardiovascular diseases are a group of diseases of heart and blood vessels. The causes of
cardiovascular disease are disorders of heart and blood vessels. Examples of such diseases are:
ischemic heart disease (heart attack), cerebrovascular disease (blood stroke), high blood pressure
(hypertension), peripheral arterial disease, rheumatic heart disease, congenital heart disease and
heart failure. It is the leading cause of death worldwide: no other disease causes so many deaths every
year. It is estimated that 17.3 million people died of cardiovascular disease in 2021; it represents
30 % of all global deaths. Of these deaths, it is estimated that 7.3 million were due to coronary heart
disease and 6.2 million were due to stroke. More than 75 % of cardiovascular deaths occur in coun-
tries with low — and middle — living standards, almost equally among men and women. Modern med-
icine assures that 80 % of premature heart attacks and strokes can be prevented, this is due to the
timely prevention of onset of the disease.

Keywords: cardiovascular diseases, telemedicine systems, physical condition monitoring, sys-
tolic blood pressure, adaptive potential of cardiovascular system.

Cepyeso-cyOunni 3axe0pioganHs — ye 2pyna 3axe60pioeaHb cepys i KpoBOHOCHUX cyouH. Ilpu-
YUHAMU CEePYEBO-CYOUHHUX 3AXBOPI0GAHL € NOPYUIEHHS OIIbHOCMI cucmemu cepyst i KPOBOHOCHUX
cyoun. Tlpuknadamu maxkux 3axeopioéams €: iuemiuna xeopooa cepys (ingpapxmu), yepebposackyisp-
Ha xeopoba (incynrpm), niosuwjenull kpoe'suuti muck (cinepmonis), xeéopoba nepugepuunux apmepiii,
pesmamudHull NOPOK cepysl, 8POOICEHULl NOPOK cepys i cepyesa Hedocmamuicmy. Lle nposiona npu-
YUHA CMEpMi 8 YCbOMY CImi: He i0 AKOI IHUWOI NPUYUHU WOPIUYHO He NOMUPAE CMINbKU aroell. 3a
niopaxynxamu, ¢ 2021 poyi 6i0 cepyeso-cyournux 3axsoproeanv nomepio 17,3 minrviiona uonogix —
ye cmanosunio 30 % ecix enobanvuux eunaoxie cmepmi. 3 yux eunadkie cmepmi, 3a oyinkamu, 1,3 mi-
JLUOHA 8UNAOKI8 CMANOCs 8 pe3yibmami iwemiyHoi xeopobu cepysi, a 6,2 minvlionu — 8i0 iHCYIbM).
Binvuwe 75 % sunadkie cmepmi 8i0 cepyeso-CyOUHHUX 30X80PIOBAHL MPANISAIOMbCS 8 KPAIHAX 3 HU3b-
KUM i cepeOHimM pigHem 00CMamKy, matice 8 piHill Mipi K ceped uonosixkie ma dcinok. Cyuacna me-
ouyuna 3anesnse, wo 80 Y% nepeduacnux inghapkmis ma incynomie mMoxicyms Oymu nonepeodiceHi, ye
N0B'A3aH0 3 CBOEYACHUM NONEPEOINCEHHAM NOYAMKY 3AXE0PIOBAHHS.

Knrouosi cnosa: cepyeso-cyOunni 3ax60pio8anHs, meiemeouyHi cucmemu, MOHImMopuHe Qizuy-
HO20 CMAHy, CUCTIONTYHULL apMePiabHULL MUCK, A0ANMAYIIHUT NOMEHYIAL cepyedo-CyOUHHOI cucmemi.

Problem’s Formulation

Cardiovascular diseases (CVD) are a group of diseases of heart and blood vessels. The causes of
cardiovascular disease are disorders of heart and blood vessels. Examples of such diseases are ischemic
heart disease (heart attack), cerebrovascular disease (blood stroke), high blood pressure (hypertension),
peripheral arterial disease, rheumatic heart disease, congenital heart disease and heart failure.

Analysis of recent research and publications

As we have said before, cardiovascular diseases are the leading causes of death worldwide. It
is estimated that 17.3 million people died of cardiovascular disease in 2021, it represents 30 % of all
global deaths. Of these deaths, it is estimated that 7.3 million were due to coronary heart disease and
6.2 million were due to stroke. More than 75 % of cardiovascular deaths (CVD) occur in low- and
middle-life countries, with almost the same rate for men and women [1]. Modern medicine assures
that 80 % of premature heart attacks and strokes can be prevented. This is due to the timely prevention
of the onset of the disease.
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The latest IT technologies of artificial intelligence are already changing medicine. The digiti-
zation of healthcare is no longer limited to the introduction of electronic medical records and remote
consultations. A telemedicine system is being developed which, using only a smartphone with applica-
tions and a pocket sensor, allows for real-time monitoring of the cardiovascular system and broadcast-
ing its results on a smartphone screen and a family doctor's monitor for promptly receiving of urgent
advice. These methods are increasingly used in Ukraine. Due to this the analysis of the main characte-
ristics of the human cardiovascular system (CVD) is of great interest. These technologies must be im-
plemented into modern medicine even more.

Formulation of the study purpose

The main objective of the scientific work is to develop a mathematical model and to analyze

values indicating problems with the cardiovascular system of a person (patient).
Presenting main material

In the research the authors studied the main indicators of the human cardiovascular system
(general and peripheral bleeding resistance, physical status and adaptive capacity index), which can be
identified by relatively sustainable indicators, such as a person’s age, body length and weight. In addi-
tion to that, we should note that the cardiovascular system variables are: heart rate, systolic and dias-
tolic blood pressure. Analysis of Cardiovascular Adaptive Capacity Index (ACI) (by Bayevskiy R.M.
et al., 1987), Physical Condition Index (PCI) (by Pirogova E.A. et al.,1986), and general peripheral
blood flow resistance (PBFR). These main indexes allowed to research the peculiarities of the influ-
ence of physical human indicators (age, body length and weight), and geodynamic parameters of the
cardiovascular system (heart rate, systolic and diastolic blood pressure). To achieve and implement the
task an analysis of the human cardiovascular system, given in modern scientific literature [2, 3], was
performed.

What does it take to quickly determine the state of the human cardiovascular system? To do
this, the physical characteristics of the person, which change slowly over time, were taken. They are:
person’s age, body length, weight and functional parameters that change through the environment,
stress, intense monotonous physical and mental work and emotional workload. These values are
measured in non-invasive ways: systolic blood pressure, diatonic blood pressure and heart rate.

Due to the analysis of modern scientific literature we can see several calculation methods for
determining the parameter of the cardiovascular system: Cardiovascular Adaptive Capacity Index of
the system — ACI and health rate or a6o functional changes index — FCI, that can be found calcu-
lated the equation by Bayevskiy R.M., 1987 [4, 5, 6]:

ACI =0,011 x HR+0,014 x (SBP + E) + 0,008 x (W —H) — 0,27 (1)
Physical Condition Index (PCI) — from the equation by Pirogova E.A. [4, 5, 6]:

700—3><HR—2,5><(SBP+32,*DBP)—2,7><E+O,28><W

(350 — 2,6 x E+ 0,21 x H)

PCI =

(2)

and general peripheral blood flow resistance (PBFR), the equation obtained by us from the formulas
given in the researches [7, 8]
PRER = (2 x DBP + SBP) x 1,45 x 10° 3
B [HR x (2,671 xH+ W — 3,022 x E — 4,632 x DBP + 2,294 x SBP — 98,009) )

ACI — adaptive potential of the cardiovascular system;

PCI — indicator of equal physical state;

PBFR — global peripheral baseline for blood flow, dyn/s/cm-0.5;

HR — heart rate, beats/hv;

SBP — systolic arterial pressure, mm Hg;

DBP — diastolic arterial pressure, mm Hg. Art.;

E — age of people, rock

W — body weight of people, kg;

H — dozhina body, people, sm.
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After analyzing formulas (1, 2, 3) using SBP, DBP and HR we take a middle-aged man, me-
dium build (age 40, 75kg., 175cm). Monitoring has been implemented during two years. During the
whole period 835 measurements of the main statistical parameter values were carried out. The mea-
surements are shown in Tabl. 1

Table 1. Main statical indicators SBP, DBP, HR, ACI, PCI, PBFR

Indicators | Minimum Average Maximum | Standard deviation
SBP 100 145 190 16,5
DBP 50 70 90 7,5
HR 40 55 70 51
ACI 1,63 2,59 3,54 0,3
satisfactory | satisfactory | very intense
PCI 1,06 0,61 0,17 0,12
high below average | very low
PBFR 1793 1798 1778 0,34

Cardiovascular effects were analyzed from the equations (1, 2, 3), using the indicators shown
in the Tabl. 1. Using these indicators we have produced graphs of SBP, DBP, age, and weight and
body length. Graphs were produced separately for each factor of ACI (Graph 1), PCI (Graph 2) and
PBFR (Graph 3). We should note that other factors were at their averages (Tabl. 1).
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Graph 1. Adaptive Capacity Index (ACI) dependence on SBP, DBP, HR, age, weight and
body length
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Graph 2. Physical Condition Index (PCI) dependence on SBP, DBP, HR, age, weight and
body length
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Graph 3. General peripheral blood flow resistance (PBFR) dependence on SBP, DBP, HR,
age, weight and body length

With variable: heart rate — HR=40...70 bpm; systolic blood pressure — SBP=100...190
mm Hg.; diatonic blood pressure — DBP=50...90 mm Hg.

With constant: age=40 years; weight=75 Kkg.; body length=175 cm.

For further analysis the influence of cardiovascular hemodynamics indicators (SBP, DBP, HR,
age, weight, body length) at Adaptive Capacity Index (ACI), Physical Condition Index (PCI) General
peripheral blood flow resistance (PBFR) in the range of indicators (SBP, DBP, HR) was taken. It is
presented in table 1, with indicator values (age, weight, body length).

Impact analysis of increasing age, weight and body length from the equations (1, 2, 3), was
conducted in the range of average human values: body length — from 150 to 190 cm., weight — from
50 to 150 kg. and age — from 40 to 60 years. ACI, PCI and PBFR dependences on SBP, DBP, HR,
age, weight and body length are represented on graphs (Graph 1, 2, 3). As shown in the graphs in-
crease of HR, DBP, SBP, age and weight had resulted in increasing of ACI, but body length is de-
creasing it. Increase of weight had resulted in increasing of ACI and PCI. Increasing of body length
leads to decrease of all three indicators (ACI, PCI, PBFR). Increasing HR, DBP, SBP leads to de-
crease of PBFR. PBFR increases with body length and age. The results are presented in Tabl. 2.

Table 2. ACI, PCI and PBFR dependences on SBP, DBP, HR, age, weight and body length

Indicators SBP DBP HR age weight body length
ACI + + + + + -
PCI - - - - + -
PBFR - + - + - -

In tabl. 2 increasing of ACI, PCI and PBFR is marked with the sign «+», decreasing is marked
with «-» under conditions of SBP, DBP, HR, age, weight and body length increase. Impact analysis of
SBP, DBP, HR, age, weight and body length on ACI, PCI and PBFR quantitatively reflects the level
of the functional state of the body and its systems. It allows you to draw conclusions about state of
human to improve his cardiovascular system.

Conclusions

During the study of the dependence of the adaptive potential of cardiovascular system of the
human body (ACI), the indicator of the level of physical condition (PCI) and the total peripheral resis-
tance of blood flow (PBFR) on heart rate (HR), systolic and diastolic blood pressure (SBP, DBP), age,
weight and length of the human body, the connected graphs were constructed that clearly display their
influence in magnitude and behind the sign of influence.

Authors reported that the same hemodynamic indicators of ccardiovascular system (HR, SBR,
DBR) have the opposite effect on the functional state of the body and its systems.
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MATEMATHUYHE MOJAEJIIOBAHHS TA AHAJII3 ITIOKA3ZHUKIB
CEPLIEBO-CYJIMHHOI CUCTEMM JIIOJJUHA
Tpuxkino A.l., Barpiii B.B., I'ynema O.M., Boromun P.B.

Pedepar

CepueBo-CyArHHI 3aXBOPIOBaHHS — II€ Tpyna 3aXBOPIOBAaHb CEPLs 1| KPOBOHOCHHUX CYAWH.
[IprunHamMu cepreBO-CyAMHHUX 3aXBOPIOBaHb € MOPYLICHHS MiSUIBHOCTI CUCTEMH cepls i KpOBOHOC-
HUX cyauH. [IpuKIagaMi TaKuX 3aXBOPIOBAHb €: ilieMiuHa xBopoba cepis (iHdapkTH), mepedposac-
KyJsipHa XBopoOa (IHCYJIbT), MiABHIICHUN KPOB'SHHUI THCK (TiEPTOHIs), XBopoOa mnepudepuyHux ap-
Tepidd, peBMAaTUYHUI MOPOK CepIlsl, BPOIKEHUH TOPOK ceplis 1 cepueBa HeAoCTaTHICTh. Lle mpoBinHa
MPUYMHA CMEPTi B YCbOMY CBITi: HE BiJ SIKOT 1HIIOT MPUYMHH LIOPIYHO HE IOMUPAE CTUIBKHU JIONEH. 3a
nigpaxynkamu, B 2021 poui Biz cepiieBo-cyIMHHUX 3aXBOPIOBaHb moMepio 17,3 MijbiioHa YOIoBiK —
e craHoBmi0 30% BCiX TII00AEHUX BUMAAKIB CMEpTi. 3 I[UX BUMAJKIB CMEPTI, 3a OIliHKamHu, 7,3 Mi-
JbIOHAa BUMAJIKIB CTANOCA B pe3yJbTaTi ieMidHOl XBOpoOu cepus, a 6,2 MiTbHOHN — BiA IHCYIBTY.
Binpme 75% BumankiB cMepTi Bill CepLeBO-CyIMHHUX 3aXBOPIOBAHb TPAIUISIOTHCSA B KpaiHax 3 HU3b-
KUM 1 cepeiHIM piBHEM JIOCTaTKy, Mailke B PiBHIH Mipi K cepel] 4onoBiKiB Ta iHOK. CyyacHa Meau-
nuHa 3aneBHse, mo 80% nepenyacHuX iH(ApKTIB Ta IHCYNBTIB MOXYTh OYTH MOMEpeHKEHi, 1€ TOB's-
3aHO 3 CBOEYACHUM MONEPEIKCHHSIM I109aTKy 3aXBOPIOBAHHSI.

Hogi IT TexHOMOrii IITYYHOTO IHTENEKTY BXKE 3MIHIOIOTh MeTUITNHY. OnndpoByBaHHS 0X0pO-
HU 3J0pOB'A BXKE€ HE JIMITYETHCS BIPOBAHKEHHIM €JICKTPOHHUX MEJUYHUX KapTOK Ta BiIJaIeHUMH
KOHCYNbTalisIMU. PO3po0sIOThCA TeTeMeqUuyHi CHCTEMH SIKi 3a TOIMTOMOT0I0 TUIBKK cMapT(oHa 3 J0-
JaTKaM{ Ta KALIEHBKOBOTO JaTYMKa, JO3BOJSIOTH IPOBOAUTH HPOLIEAYPY MOHITOPHUHTY CTaHy ceplie-
BO-CYJJMHHOI CUCTEMH B PEKUMIi peaibHOrO 4acy, TPAHCIIIOBATH HOTro pe3yabTaTh Ha eKpaH cMapTdo-
Ha Ta MOHITOp CIMEIHOTrO0 JliKaps AJs ONEepaTUBHOIO OTPUMAaHHS HEBIKIIaJHOT TOPAIH.

Jlnst 3miiCHEHHS TMOCTaBIIeHOI 3ajadi OyB BHUKOHAHWH aHAli3 MOKA3HUKIB CTaHy CEpICBO-
CYAMHHOI CHCTEMH JIIOAWHU, HABEICHUX y Cy4acHii HayKoBii mirepaTtypi. Jns Toro mob omnepaTuBHO
BHU3HAYUTU CTaH CEPLEBO-CYIUHHOI CHCTEMH JIIOAWHH, OyiIM MPUHHATI (i3WvHI MOKA3HUKH JIOIMHU,
SIKi 3MIHIOIOTBCS 3 YaCOM HEIIBUJIKO: BiK JIFOJMHY, JOBXKHHA TiNa, ii Bara, Ta ()yHKIIIOHAJIbHI TTapamer-
PH, 10 3MIHIOIOTHCS Yepe3 HaBKOJIMIIHE CEPEIOBHIIE, CTPEC, HANPY)KEHY MOHOTOHHY (i3W4HY Ta po-
3yMOBY IpaLio i eMOIIOHaIbHE HAaBAaHTaKEHHS, IKi BUMIPIOIOTHCS HEIHBAa31MHUMH CIIOCOOaMU: CHUCTO-
JYHOTO apTepianbHOrO TUCKY, AIATOHIYHOTO apTepiaibHOrO TUCKY Ta YaCTOTH CEPLEBUX CKOPOUECHb.

Amnani3 BIUIMBY NOKa3HHUKIB, SIKi KUTBKICHO BiIJ3€pKaIOIOTh PiBeHb (YHKIIOHATBHOTO CTAHY
OpraHi3My i HOro cCHCTeM, LIO XapaKTepU3ye HOro 3JaTHICTh alleKBaTHO i BIEBHEHO pearyBaTH Ha
KOMIIJIEKC HEBUTIIHMX (DAKTOpiB MPU EKOHOMHIM BHUTpaTi (yHKIIOHAJIBHUX PE3epBiB, MOKa3aB, LIO
BIUIMB Ha HECXOXI MOKa3HUKHU MPOTUIICKHUHN, 1 TOMY 1HOJI A€SKi BUCHOBKHM MPO CTaH OpraHi3My Jo-
JTUHU po30ikHI. [lin yac BUKOHAHHS JOCIIDKCHHS 3aJISKHOCT] aJlallTallifHOTO MOTEHIIaly CepIIeBO-
CYOMHHOI CUCTEMH OpraHi3My JIOJMHH, NMOKa3HUKa PiBHA (Hi3MUHOrO CTaHy Ta 3arajbHOro mnepude-
PiHOTO OMOpPY KPOBOTOKY BiJl YaCTOTH CEPLIEBUX CKOPOUYEHb, CUCTOIIYHOrO Ta JiacTOIIYHOIO apTepi-
aJBHOTO TUCKY, BIKYy, Maca i IOBXKHHH Tija JIFOIUHU Oynu moOy10BaHi moeaHaHi rpadiku, SKi HAOYHO
BiZlOOpaXKyIOTh iX BIUIMB 32 BEJTMYMHOIO 1 38 3HAKOM BILIHBY.
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