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Features of the application of the digital clinical calculator
of cardiovascular risk in elderly patients
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Abstract

Aim - evaluation of the features of using a digital clinical calculator for an
objective assessment of the cardiovascular risk in elderly patients in a routine
outpatient practice.

Material and methods. The methodology for calculating the value of
cardiovascular risk used in the calculator is based on the recommendations
for the prevention of CVD of the European Society of Cardiology (2021). The
program provides the functionality of calculating the personalized quantitative
value of the probability of fatal and non-fatal cardiovascular events over a
period of 10 years.

Results. The calculator matrix uses five significant initial variables: patient’s
age, gender, smoking, systolic blood pressure and low-density lipoprotein
cholesterol. The program provides for use directly in outpatient settings, works
in any browser, does not require downloading to a device, can be used in a
mobile phone version, and allows the user to form a conclusion for printing
and saving on electronic media.

Conclusion. The calculation of an objective numerical indicator of risk of
CVD, which lends itself to accurate mathematical and statistical assessment,
allows the calculator to be used to solve the following tasks: monitoring and
reclassification of cardiovascular risk in elderly patients, a weighted assessment
of indications for correction of modifying factors and intensification of
treatment, dynamic control of the effectiveness of the treatment methods used;
the result of the calculator is stored as an electronic medical document. The
program can be used in any medical information system as a module of the
medical decision support system through the integration subsystem.
Keywords: elderly patient, cardiovascular risk, clinical calculator, digital
assessment method, evidence-based medicine, medical decision support
system.
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Oco6eHHOCTU NPUKNAAHOro NpMMeHeHnsa umdpoBoro
KNMTMHMYECKOro KasfibKynaTopa KapAuoBacKynsipHOro pucka
y NauMeHTOB MOXWNoro Bo3pacTa

H.A. MNepBbIwnH

Pre0Y BO «Camapckuii rocyaapCTBEHHbIM MeQuUMHCKUA yHuBepcuTe™» MuHsgpasa Poccuu
(Camapa, Poccuiickas Pepepauns)

AHHOTauus

Ilens — onpenenuTh 0COOEHHOCTH PUMEHeHHsI IUPPOBOrO KIMHUIECKOTO
KaJIbKYJISITOpa 0OBbEKTUBHOM OLIeHKU 3HAa4eHHsl KapAHOBACKY/ISIPHOTO PUCKA
TIOXKMJIOTO MAIMeHTa B YCJIOBUSIX PYTHHHOM aMOy/IaTOPHO#M IPAKTHKH.
Marepuai 1 MeTobI. MeTof07I0T s pacyeTta 3Ha4eHHst KapAOBACKYJIISIPHOTO
PHCKA, UCIOJIb30BAHHAsL B KaJIbKY/ISTOpPe, OCHOBAaHA Ha PEKOMeH/IAIHsIX 110
npodunakrrke ACC3 EBporneiickoro obmectsa kapauosoros (2021). TIpo-
rpamMma I103BOJISIeT PAaCCUUTATh IePCOHAIM3MPOBAHHOE KOJIMYeCTBeHHOe 3Ha-
YeHHe BePOSITHOCTH (aTabHOTO U HeaTalnbHOro CepAIeYHO-COCYAUCTOrO
cobprTys B Tedenue 10 net.

PesysbraTsl. MaTpuia KalbKyJIsITOpa UCIOIb3YeT HSTh CyIeCTBeHHBIX UC-
XOJTHBIX [IePEMeHHbIX: BO3PACT MAl[1eHTa, 10JI, KypeHHe, CUCTOIMIecKoe ap-
TepuaibHOe [aBjIeHNe U YPOBEHb X0JleCTepHHa JIMIIOIPOTEHI0B HEBBICOKOH
wioTHOCTH. [IporpaMma npemycMarpiBaeT IpUMeHeHHe HeloCpenCTBEeHHO
B YCJIOBUSIX aMOysIaTopHOro rpuema, paboraer B mo6oM Gpaysepe, He Tpe-
6yeT CKauMBaHMUsI HAa YCTPONUCTBO, MOXKET OBITh MCIIOJIb30BAHA B BEPCHUH IIJIsl
MOGHIIBHOTO TesiedpOHa, TT03BOJIsIeT POPMUPOBATH 3aKJIIOYeHHe [IIsl BBIBOIA
Ha Ie4aTh ¥ COXPaHeHHs Ha 3JIeKTPOHHOM HOCHUTeJIe.

www.innoscience.ru

3axkurrouenne. Pacuetr 06beKTHBHOTO YHUCIIEHHOTO MOKa3aresis pucka ACC3,
KOTOPBIM IIOIaeTCsl TOYHOM MaTeMaTH4eCKOM U CTaTUCTUYeCKOM OLleHKe, I10-
3BOJISIET [IPUMEHSTD KaJIbKYIISITOP AJIS PelleHus CIIeyIOIHX 3a/1a4: MOHUTO-
PMHTa ¥ peKJIacCUPUKAIIIX KapIHOBACKYJIIPHOTO PUCKA MOXKHUJIOTO MAI[eHTa,
B3BEIIeHHO! OI[eHKH II0Ka3aHHUI K KOPPEeKIIUY MOAUUITUPYIONHX (aKTOPOB
Y UHTeHCUUKAIIUY JIedeHus], IUHAMUYeCKOT0 KOHTPOIIs 3¢GeKTUBHOCTH
TIPUMEHsIeMbIX METOIOB JIeUeHHUsl; Pe3ysIbTaT paboThl KaIbKyJISITOPAa COXpa-
HSIETCS B BUJIe JJIEKTPOHHOTO MeMITMHCKOTO JOKYMEHTa; IPOrpaMMa MOXXeT
OBITh UCIIOJIb30BaHA B JII000M MeIUIIMHCKON MH(POPMAIMOHHOM CUCTeMe B
KauecTBe MOJTYJISI CHCTEMBI OJJIEP>KKH TIPUHSTHSI BpadyeOHBIX PellleHuil yepes
MOZICUCTEMY MHTETPAIHH.

KitroueBble C10Ba: MOXWIOW MALMEHT, KAPJUOBACKYIISPHBIN PUCK, KIIMHU-
YeCKU# KaJbKyJISTOp, IMGPOBOM METO/I OLIEHKH, JI0Ka3aTellbHasl MeIMIMHa,
cHCTeMa IOAIJIeP>KKH [IPUHSTHS BpauyeOHbIX pellleHHH.

KoHQuKT HHTEpecoB: He 3asBJIeH.
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m INTRODUCTION

he global demographic trend of ageing population is a

serious challenge faced by the modern healthcare system.
According to WHO information, by the year 2050 the share of
people aged over 60 may reach 38% and become greater than
the share of people aged 10-24 (2.1 billion vs. 2.0 billion) [1].
In 2018, the number of elderly people in the total population of
the Russians reached 25.4%!; according to the official forecast,
in 20 the number will exceed 37.3 million people (26.9% of
the population)2.

The average elderly patient with atherosclerotic
cardiovascular diseases (ASCVD) and chronic heart
failure (CHF), which may be regarded as a clinical
outcome, tends to be considerably older, much like
the overall population. The data of large national and
international randomized controlled trials (RCTs) with
long-term prospective follow-up confirm this fact, e.g.
EPOCH CHF in the Russian Federation [2] and the study
of Claire A. Lawson et al. (2020) in Great Britain [3].
They demonstrated significant dynamics of increase of
average age of CHF patients; particularly, in Great Britain,
the relative share of people aged over 60 in the CHF
cohort reached 65%. This emphasized the importance of
evaluation of cardiovascular risks in elderly patients.

The European Society of Cardiology (ESC) suggests
personalized phased strategies of management for
individual patients optimized in accordance with the
ASCVD risk evaluation using the SCORE2 and SCORE2-
OP scales.

Whereas the SCORE scale, used earlier, evaluated the
10-year risk of ASCVD death, the SCORE2 considers
a wider range of clinical outcomes including not only
mortality rates from ASCVD, but morbidity outcomes as
well (non-fatal myocardial infarction, non-fatal stroke)
[4]. This approach provides a more precise picture of the
adverse burden of the cardiovascular pathology on the
patient’s condition.

For patients aged over 70, a separate scale SCORE2-OP
was developed [5] that included the so-called ‘competing
risks’. A ‘competing risk’ is vital in the older age, since
it provides a significant impact on the relative survival of
patients without ASCVD in the general cohort of older
patients, which results in the corruption of the evaluation
of the actual 10-year risk of ASCVD upwards [6].

It is to be noted that the proper use of the SCORE2
and SCORE2-0P scales is limited exclusively to a group
of healthy patients. According to the ESC consensus,

this group includes outwardly healthy individuals
without confirmed ASCVD, type II diabetes mellitus
(T2DM), chronic kidney disease (CKD) and other severe
comorbidities that were not treated before or whose
clinical condition remained stable for several years. At
the same time, the recommendations make it a point that
the SCORE?2 algorithm may be recommended for use in
patients with comorbid pathologies, other risk modifiers,
and clinical conditions, including T2DM, as the all-
purpose tool for the objective assessment of cardiovascular
risks and clarification of efficiency of various therapeutic
measures with systematic follow-up [7].

Thus, one of the initial logical prerequisites of the
ESC is that any therapeutic intervention affects the
risk of ASCVD development. Since the SCORE2
and SCOREZ2-OP algorithms provide for an objective
quantitative assessment of ASCVD risks, the medical
impact is assessed from the position of measuring its
value. Thus, the cardiovascular risk is seen as a dynamic
calculation indicator that requires regular follow-up and
re-classification depending on the treatment methods,
correction of risk factors and clinical condition of the
patient [8, 9]. Of course, personalized phased approach
to assessment of ASCVD risk increases the workload on
the doctor and requires extra working time. Systematic
assessment of ASCVD risk under the SCOREZ algorithm
in the conditions of limited time of a hospital admission
poses some difficulties for the medical practitioner. This
justifies the high practical value of the calculator we
developed.

m AIM

Evaluation of the features of using a digital clinical
calculator for an objective assessment of the cardiovascular
risk in elderly patients in a routine outpatient practice.

m MATERIAL AND METHODS

The methodology of calculation of cardiovascular risks
in elderly patients used in the calculator is based on the
ESC recommendations as amended in 2021 [10], validated
in the Russian Federation [11].

SCORE2 and SCORE2-OP scales are deeply
formalized; therefore, only five principal factors of
cardiovascular risks are used as independent variables
(4 clinical and anamnestic and 1 laboratory): age, sex,
smoking status, systolic blood pressure (BP), and non-
high-density cholesterol level (non-HDL-C) (Table 1).

1 Federal Service of National Statistics. Senior citizens (demographic indicators). Link valid as of 26.06.2024. Available online:

https://www.gks.ru/folder/13877

2 Updated demographic forecast of the Russian Statistics Agency until the year 2046. Available online: https://rosstat.gov.ru/folder/313/document/220709
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The calculator processes the input data and finds the
numeric value of the probability of development of fatal or
non-fatal cardiovascular event (infarction or stroke) within
10 years in per cent, indicated in the respective cells of
the SCORE?2 and SCORE2-OP tables, which determines
the patient’s belonging to some group of cardiovascular
risk or other.

Individuals aged 60-69: >10% is ‘very high risk’, an
absolute indication for treatment of ASCVD risk factors;
5-10% stands for ‘high risk’ that requires correction of
ASCVD risk factors with consideration to risk modifiers,
lifetime risk and lifetime benefit of treatment, as well as
the patient’s preferences; below 5% stands for ‘moderate
risk’ that does not require correction of risk factors, as a
rule.

Individuals aged 70: > 15% is ‘very high risk’, an
absolute indication for treatment of ASCVD risk factors;
7.5-15% stands for ‘high risk’ that requires correction of
ASCVD risk factors with consideration to risk modifiers,
lifetime risk and lifetime benefit of treatment, as well
as possible sarcopenia, poly-pragmasy and the patient’s
preferences; below 7.5% stands for ‘moderate risk’ that
does not require correction of risk factors, as a rule.

For those clinical cases, in which the non-HDL-C
level values are not available to the doctor, the calculator
provides an alternative method. Since the non-HDL-C
levels have been used in wide clinical practice only
recently, not all medical institutions measure it within
a standard lipid profile. For this purpose, the calculator
integrates a module to calculate the value using the inverse
Friedewald equation [12]. The following are used as
independent laboratory values: LDL-C and triglyceride
(TG) levels. The laboratory method of measurement the
LDL-C and TG levels is a part of standard outpatient
monitoring in dyslipidemia. The direct Friedewald
equation is used to calculate the LDL-C levels based
on the total cholesterol, triglyceride and HDL-C values,
calculated in the vast majority of laboratories. The
precision of LDL-C level measurement is comparable with
reference methods provided that the following conditions
are met: TG plasma concentration below 4.5 mmol/L; LDL
level above 1.3 mmol/L, which is taken into account in
the argument ranges of the calculator [13].

The algorithm for calculating cardiovascular risk
in elderly patients is based on a risk scale validated in
Russia for very high-risk countries [14]. The SCORE2
and SCOREZ2-OP charts are geographically calibrated

I T

Age Years 60-120
Sex Nominal M/F
Smoking status Nominal Y/N
Systolic BP mmHg 99-180
non-HDL-C mmol/L 3.0-6.9

Table 1. Essential features of the clinical calculator of cardiovascular
risk in elderly patients

Tabnuua 1. CywiecmBeHHble npu3Haku KIUHUYeCKOo20
KasbKy1ssmopa 3HadeHus1 KapOUOBACKY/ISIPHO20 pUCKa Y NOXUIbIX
nayueHmos

according to national ASCVD mortality rates and
categorize countries into four risk groups: low-risk
countries, moderate-risk countries, high-risk countries,
and very high-risk countries. Russia is classified in the
fourth group (very high risk).

The calculator has limitations in practical application
and cannot be used to calculate individual cardiovascular
risk values in the following cases: for patients younger
than 60 years; for hyperaldosteronism; for familial
hypercholesterolemia; for plasma TG greater than 4.5
mmol/L; for plasma LDL less than 1.3 mmol/L.

The calculator has limitations in practical application
and cannot be used to calculate individual cardiovascular
risk values in the following cases: in patients younger
than 60 years; in hyperaldosteronism; in familial
hypercholesterolemia; in plasma TG concentration greater
than 4.5 mmol/L; in plasma LDL concentration less than
1.3 mmol/L.

m RESULTS AND DISCUSSION

When clinically applying the calculator, several
critical considerations must be addressed, particularly
for elderly patients. The stratification of the population
into two age groups (60-69 years [15] and >70 years [5]),
as implemented in the original study, results in abrupt
increases in threshold values for defining moderate-, high-
, and very-high-risk categories in individuals aged 70 and
above. This occurs because calculated cardiovascular risk
values in the >70 cohort nearly always exceed general
population thresholds, rendering them inadequate for
risk stratification purposes. Moreover, when assessing
the lifetime benefit of therapeutic intervention in terms
of additional years lived without ASCVD, this benefit
objectively demonstrates lower magnitude in very elderly
populations. While the LIFE-CVDK! scale enables
calculation of cardiovascular disease-free life expectancy
accounting for comorbidities and specific pharmacological
interventions (statins, anticoagulants), unfortunately, this
tool does not support the Russian language.

A patient’s assignment to a specific risk category
primarily determines the optimal intensity of therapeutic
intervention. Since the patient's age is a fixed value at any
given time, a reasonable assessment of decision-making
thresholds in actual clinical practice requires physicians
to conduct a comprehensive evaluation of geriatric status
and maintain clinical flexibility, particularly for patients
now over the 70-year age threshold.

The determination of a particular risk category in
an individual patient does not mean unconditional and
automatic initiation or intensification of drug therapy. The
physician must necessarily take into account other factors
affecting the risk of ASCVD in old age, in particular the
category of the patient's functional dependence, as well as
the presence of such specific geriatric syndromes as senile
asthenia, sarcopenia, and polymorbidity [16]. The higher
risk stratification threshold in the 70+ cohort helps avoid
overtreatment and polypharmacy, which is particularly
common in very elderly multimorbid patients. Another key

1Available online: https://u-prevent.com/calculators/lifeCvd
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clinical rationale for separating the over-70 group in the
algorithm is the significant weakening of the correlation
gradient between ASCVD risk and classical modifiable
risk factors, such as non-HDL cholesterol levels and
systolic blood pressure, with advancing age [17].

Despite the fact that SCORE2 algorithms are designed
to assess cardiovascular risk in apparently healthy
individuals, their absolute value remains important and
relevant even for patients with comorbidities (T2DM,
CKD, CAD), as they enable tracking of risk category
transitions (e.g., from “very high” to “high”) when applying
specific treatment methods (e.g., when intensifying lipid-
lowering therapy). This calculator specifically emphasizes
calculating the quantitative probability of adverse
cardiovascular events (expressed as a percentage) rather
than assigning patients to formalized risk categories (a
qualitative characteristic). This approach is particularly
relevant for very high ASCVD-risk countries. An objective
numerical indicator lends itself better to mathematical
and statistical evaluation, enabling its application across
a wide range of practical tasks, from balanced assessment
of indications for modifying factor correction to dynamic
monitoring of pharmacotherapy effectiveness.

A key advantage of the calculator is that all source
independent variables are included in the standard follow-
up protocol for elderly patients [18] and are recorded
by physicians during routine outpatient visits. When
digitization tools are used!, the calculator may be used
as a module of medical decision-making support system
and calculate the values of cardiovascular risk in elderly
patients automatically in the process of provision of
outpatient medical care. Given that the obtained data are
stored and systematized in digital format, this addresses
the need for systematic monitoring and reclassification
of ASCVD risk categories based on the patient's current
clinical status, while trends in absolute risk values provide
insights into the effectiveness of administered treatments.

The calculator is registered at the Federal Institute of
Industrial Property?. It is written using the TypeScript
language, the size of the program code is 500 Kb; it has
no specific requirements to hardware and software; the
program requires no installation and can work on any
computer with a browser (Google Chrome 127 and higher,
Mozilla Firefox 128 and higher), or an a mobile phone.
The calculator is available for doctors of any specialization
on the website of doctors’ digital assistants® or through the
QR-code for mobile devices (Fig. 1).

Reliability of the calculator was verified through
validation using clinical cases from routine outpatient
practice.

Clinical case. From the outpatient visit sample, a male
patient XXX 1955 aged 69 years was randomly selected,
with a harmful habit (smoking), SBP 155 mmHg, LDL-C
level 3.5 mmol/L, TG level 2.3 mmol/L; calculated

Figure 1. QR code of the CVD Risk Assessment Calculator
for elderly patients.

PucyHok 1. QR-k00 KanbKynsimopa onpedesnieHus 3Ha4eHusi
KapOuoBaCKy/ISIPHO20 pUCKa NOXWIbIX NAYUEHMOB.

non-HDL-C level using the inverse Friedewald formula:
4.5 mmol/L.

The personalized cardiovascular risk value (probability
of fatal and non-fatal cardiovascular events over a 10-year
period) was calculated at 33% (Fig. 2).

To demonstrate the capabilities of the calculator for
objective ASCVD risk monitoring, the personalized risk
score was recalculated for the same patient XXX1955
after modifying factor adjustment. The therapeutic
interventions (smoking cessation and optimization of
antihypertensive therapy) reduced the probability of fatal/

KAUHUUECKMIA KaNbKyNATOP PacuéTa 3HaueHua
K2PAMOBACKYAAPHOTO PUCKA Y UL NOXUAOTO BO3PAcTa

Henpimenias Npa BOIPACTE NALMENTA Menee 60 AT, FHNEPANBIOCTEPOHMIME,
HICACACTEEHMHOR (UNEPXOASCTEPHE, KONUeHTPaWan XC AMTHD 6 nassue xposu
menee 1,3 MMOAL/A, KCHUEHTPALKA TPRIARUEPHACE B NAaIMe xposn Bonee 4,5 mmons/a.
Npeananauen A8 CTPAH € OueHb BHICOKMM YPOBHEM KIPRMOBICKYARPHOMO PACKA.

Bospact 69 ner
Noa (8) My=exod

Kypere @

Cucromueckoe All

Manccnh

155 wwuprer.

XCwe-NNEN &S uwem/A

¥ Pacur XC we-/INBM no gopuyne Opuasasas

XCOOHO 35 wmose/a

Toermouepean 23 wwos/a

Repcomanmarponammos Jauemre 33%
KBPAACRICCY AREHOID PHECD (BEPOATROCTY
GATIRNGIO ¥ HESATAIRNCIO CEPAEMHO-
COCYARCTOND COBMTHA 33 nepuoa 10 set)

Figure 2. A clinical example of the application CVD Risk Assessment
Calculator for elderly patients.

PucyHok 2. KnuHu4eckuli npuMep npuknadHo20 NpUMeHeHUs!
KanbKynsmopa oueHku pucka ACC3 noxuibix nayueHmos.

1Pervyshin N.A., Bulgakova S.V.,Galkin R.A., Zeleno L.S., Shamin E.A., Panshin A.S. Client-server application “Endocrinologist's Automated Workplace for Outpatient Visits (ARME
3.0)". Certificate of state registration of software for personal computers No. 2023665315 dated 14.07.2023.

Available online: https://fips.ru/EGD/08c33405-6b4b-442-85a9-09fefadeSfce

2Pervyshin N.A. Clinical calculator for the calculation of cardiovascular risk in elderly patients. Certificate of state registration of software for personal computers No. 2024668302

dated 06.08.2024. Available online: https:/fips.ru/EGD/20c2c0e3-c0e0-4f6a-9af6-95ed5bd1e461

3 Available online: https://kacaHarep.pd/Knunnyeckue_kanbkynatopbl/lepoHtonorus/Puck_SCORE2
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Casapexuii rocyJapcTBeHHBI MEIHIMHCKHIT YHHBEPCHTET
Kadeapa sHI0KpHHOTOrHH H repHATPHE
Kmmrqeckuit KaTbKyI4T0p pacyéTa 2HAYCHHA KapIHOBACKYISPHOIO PHCKA

Y JHII NOAHIOTO BO3pacTa

OLIEHKA no atropuryam SCORE2 u SCORE2-OP
BepoatHocTs daTaTbHOro HIH HedATATEHOTO CEPACTHO-COCYTHCTOrO COOMTHA (HRBAPKT,
HHCYIBT) Y YCIOBHO 3J0POBOro MOXHIOro dweiopeka (Bospact 69 mzer, moa Myxkckoif,
HeT Kypenna, cucrommdeckoe AJl 1353 saprer, XCme-JIIBIT 4,5 swoms/a, XC JIITHIT

3,5 asvoaw/a, TpurHuepnast 2,3 MMoas/1) coctaraget 20%.

E&G

Figure 3. Protocol for assessing the value of cardiovascular
risk in an elderly patient.

PucyHok 3. [lpomokos oyeHKU 3HadeHusi KapoOuoBacKyIsipHO20
pucka noxusoeo nayueHma.

non-fatal cardiovascular events in the patient XXX1955
by 13% to 20%, clearly demonstrating its effectiveness.
Furthermore, this tangible outcome helps physicians
convincingly motivate patients to continue treatment and
adhere to recommendations, thereby ensuring compliance,
a particularly crucial factor for elderly patients [19].

Personalized cardiovascular risk assessment results
can be downloaded from the calculator as a Microsoft
Word (.docx) file to a personal computer or mobile device.
Physicians can either save this file as an electronic medical
record or print it for inclusion in paper-based outpatient
charts or medical histories (Fig. 3).

Practical application of the calculator in routine clinical
practice enables dynamic assessment of personalized
metrics that may be used both as an objective tool for
determining optimal therapeutic strategies in specific
elderly patients and as an indicator of their medical and
economic effectiveness.

m CONCLUSIONS

1. Assessment of the probability of fatal and non-
fatal cardiovascular events over a 10-year period reflects
the overall burden of negative impact of ASCVDs on a
patient’s health status with more accuracy than mortality
indicators.

2. Assessment of cardiovascular risk is of special
importance for elderly patients: in making a decision
on therapeutic intervention, the doctor must take into
account the specific geriatric syndromes: senile asthenia,
sarcopenia, cognitive disorders and polymorbidity as well
as poly-pragmasy mediated by them.

3. The objective digital assessment of numerical
cardiovascular risk values using a validated methodology
allows using the calculator for weighted assessment of
indications for modifying factors correction, intensification
of drug therapy, as well as for dynamic control of treatment
effectiveness.

4. The results of the calculation are available for
download as an outpatient chart protocol and are also
saved as an electronic medical record, enabling their use
in other MIS as a clinical decision support system module
via the integration subsystem. =
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