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Abstract

Stroke, myocardial infarction (MI), and other main non-communicable diseases (NCDs) remain major causes of mortality and disability globally.
Up to 80% of cardiovascular events and up to 60% of NCDs are associated with potentially controlled risk factors (RFs). State-of-the-art digital
technologies can help bridge the gap between evidence-based prevention methods and their critically low availability in routine clinical practice.
An innovative digital platform named PreventS-MD® is a specially developed tool for healthcare professionals to be used under time constraints.
With PreventS-MD®, clinicians can estimate patient's 10-year cardiovascular risk within several minutes. Then, they automatically get adapted re-
sults and recommendations to address identified RFs as well as graphical representation of specific RF contribution to overall stroke and MI risks.
If some additional time is available, the clinician and the patient can collaboratively set customized achievable goals to correct modifiable RFs.
An integrated analytical module provides healthcare managers with current digital risk profiles of the relevant population to evaluate prevention
effectiveness and to forecast the load throughout the healthcare levels.

PreventS-MD® has several unique advantages, including time-saving design, the function to activate motivated RF correction, individually tailored
recommendations, and information on personally changed digital profiles of vascular risks. As cardiovascular diseases and main NCDs have a lot of
common RFs, PreventS-MD® implemented into routine clinical practice will utilize a complex approach to the prevention of main NCDs, decreasing
both stroke and MI burden and addressing complications of chronic pulmonary and kidney disease, tumors of any type, dementia, etc.
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AnHoTanug

Hrcynom, unpapkm muokapda u Opyeue ocHosHble HeuHgekyuorHble 3abonesarus (HU3) npodonxaiom ocmasamscs edywumu npuYUHaMU
cyepmu u unsanudusayuy 8o ecém mupe. Jo 80% cepdeuro-cocyducmeix cobbimuti u do 60% HU3 accoyuuposansl ¢ nomeHyuanbHo KOHMpoIu-
pyembimu Gakmopamu pucka (OP). CospemenHble yughpossle mexHoN02UU cnocobHsl NOMOUL npeodosiems paspbie Mexady HayuHo OKA3aHHBLMU
Memodamu npogpunaxmuku u kamacmpoguuecku HU3Koil CmeneHblo UX 6HepeHUs 6 NOBCEOHEBHYI0 KIUHUUECKYIO NPAKMUKY.

Hunosayuonnas yugposas nnamgopma [pesenmC-Bpau® ses19emes uHCMpyMeHMoM, CneyuabHo paspabomanHbiM 071 NPUMEHEHUS 8 YCTI08USX
02panuuenHoz0 pabouezo epemenu paua. C nomowgbio cucmemy! [pegemC-Bpau® y dokmopa nosiensiemcs 603MoKHOCMb 8 MeueHue HECKOMbKUX
MUHYM nosyuumy oyeky 10-nemHux puckog paseumus y nayueHma ocHo8Hvx cepdeuro-cocyducmlx 3aboneganuti (CC3). B asmomamuueckom
pexume (hopmupyemes adanmuposaHHoe 071 Hecneyuanucma onucaxue pesynbmamos, pekoMeroayuu no Koppekyuu evlasnerHsix P, a makxe
epacpuueckoe npedcmasnerue exnada omoensHbix OP 6 cymmapHylie pucku UHcynbma u uxgapkma muokapoa. llpu Hanuuuu 0ononHUMENbHO20
BPEMEHU 8Day COBMECIIHO C NAYUEHMOM MO2ym 80CNOIb308ambCs QyHKYUell YCMaH08KU NepcoHAIbHO NPUEMAEMbIX U JOCTUXKUMBIX Uesell no
Koppekyuu moducpuyupyemvix P, BempoenHiii 8 cucmemy mModyns ananumuxu npedocmasnsem pykosooumensm yupexdeHuti 30pagooxpaHeHus
aKmyasbHylo UHGOPMayuio o yupposom npogusie pucka o0CIyKUBAEMOL NONYAAYUL, NO36O/ISEM OYUEHUBAMb IPGHekMUBHOCMb NPOBOOUMbLX
NPOGUAGKMUECKUX MepONPUAMULL U NPOZHO3UPOBAMY, HAZPY3KY HA Pa3Hble 36eHbA MEOUYUHCKOL CTyxKObL.

IIpegermC-Bpau® umeem pao yHukabHbLx npeumyujecms: IKoHoMAwuULl pabouee 8pems 6paua Ousaiin cucmembl; (yHKYUOHAN AKMUBAYUU MO-
MUBAYUOHHBLX MexaHuamos koppekyuu OP; eubkas nepcoanusayus pekomerdayuli; npedocmaserue 0aHHbix 00 UHOUGUOYATbHOU QuHAMUKe
yuehposozo npochuns cocyducmozeo pucka. B cessu ¢ mem umo CC3 u ocHosHvie HU3 umeiom mHozo obujux OF, eredpenue [lpesenmC-Bpau® 6
PYMUHHYIO KIUHUYECKYI0 NPAaKMUKy Nno360/isem pea/u308amsy UHmezpuposantblii nodxod k npogunaxmuke ocHosHvix HU3 — cnocobemeosams
He MOJIbKO CHUKEHUI0 OpeMeHU OM UHCY/IbMO8 U UH(APKIMO8 MUOKAPOd, HO U YMeHbWIEHLIO NOCIe0CMULE 0M XPOHUUECKUX 3a001e8aHuLl NzKux
U NoYeK, OHKO02UHeCKUX 3a00Ne8aHuLl PA3UUHOL JI0KANU3AYUL, OeMeHYuU U Op.
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Introduction increasing absolute burden of stroke and myocardial in-

farction (MI) despite improving relative CVD mortality and
Cardiovascular disease (CVD) is a leading cause of ear- prevalence rates globally. With digitization and the meth-
ly death and disability globally. Available prevention ap- ods of behavioral psychology, with the coverage of all the
proaches are not sufficiently effective due to constantly risk groups, and with time-saving design, the development
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and the implementation of new technologies for preven-
tive interventions can drastically decrease CVD and other
main non-communicable disease (NCD) burden.

Major Issues of Prevention Delivery

Low availability of prevention measures in routine clinical
practice is a global challenge. In prevention, primary clini-
cian's limitation is insufficient amount of time. Other most
common reasons include inadequate insurer's compensa-
tion of preventive visits, patients' refusal to discuss or fol-
low recommendations, and low clinician's qualification in
terms of preventive consulting [5, 8-11].

It appears that general prevention strategy needs to be
reviewed by healthcare institutions. Nowadays, prevention
is focused on identifying individuals already at high risk.
Prevention guidelines aim to do this, and most risk assess-
ment and stratification scales have been developed from
this perspective. A high-risk strategy is intuitively clear for
both clinicians and patients because it implies identifying
significant health abnormalities that should be managed
immediately. However, this approach results in 2 of 3 indi-
viduals with a low to moderate 10-year risk of cardiovas-
cular events missing the time of a gradual risk increase for
prevention. If the risk were calculated in individuals imme-
diately before their stroke or a MI, most of them would be
at high risk. The pool of risk factors (RFs) that determine
the total risk is shaped as a result of long-term interaction
between genetic, behavioral, environmental, and other fac-
tors rather than at once. Thus, there is an evident need to
complement the high-risk strategy with methods that are
independent of absolute risk for large-scale intervention
in the continuum of cardiovascular risk development [13].

Many countries spend significant funds on preventive
screenings [7]. Nevertheless, the literature suggests
their low effectiveness [6]. The causes include focus on
the above high-risk strategy in screening and almost
no use of prevention methods psychologically based on
health-related behavior.

Prevention is dramatically complicated by the popula-
tion's lack of active interest in their health. According to
the literature, up to 70% of patients seek medical care
only in significant deterioration of their health [4]. An
integral goal of prevention is people's indoctrination with
an idea of the need to change their lifestyle. The task re-
quires the repeated and versatile popularizaton of adap-
ted information.

Brief history of PreventS-MD® development

The Research Center of Neurology (former Institute of
Neurology under the Russian Academy of Medical Sci-
ences) have studied epidemiology and prevention of brain

vascular diseases for over 40 years. In 2014, the Center
initiated collaboration with the National Institute for
Stroke and Applied Neurosciences (Auckland, New Zea-
land) led by Prof. V.L. Feigin (Stroke Riskometer Project),
which resulted in the free mobile application adapted
for Russian-speaking individuals [3]. Further work in the
area resulted in articulating the main limitations of cur-
rent approaches to CVD prevention and in getting a new
concept of the motivational preventive strategy covering
the entire population and taking into account individual,
relative rather than absolute vascular risk. This approach
can reasonably cover a much larger proportion of the
population by prevention in emerging vascular risk when
prevention is the most effective [15].

In 2021, the Research Center of Neurology and Region-
al United System of Medical Informatization, a Russian
company dealing with medical online technologies for
years, launched pilot works to establish the concept of
a software product for cardiovascular risk management
across medical institutions, PreventS-MD®. Their objec-
tive was to complement and expand the preventive in-
tervention options provided to the public via the Stroke
Riskometer App.

In 2023, the development of the software product was
completed. The Research Center of Neurology and the
National Institute for Stroke and Applied Neurosciences
tested system usability with clinicians from 27 countries
[12]. Currently, the system is being clinically validated.

System functionality

PreventS-MD® is module-based software including an
input module (questionnaire), a risk assessment module
for clinicians, a summary module for patients, a behavior
change support module, and an analytical module (Fig. 1).
PreventS-MD® is an WEB application deployed on secure
servers and accessed from authorized devices via an en-
crypted browser protocol. A desktop computer, a tablet,
or a smartphone can be used to operate the system in
various clinical scenarios.

Input module

In order to maximize obtained risk information, one should
enter 24 parameters including: age (date of birth); sex; eth-
nicity; height; weight; smoking and alcohol consumption
statuses; fruit and vegetable intake; physical activity level;
average systolic blood pressure (SBP); continuous antihy-
pertensive treatment status; presence of chronic stress or
depression; family history of stroke or MI; levels of total
cholesterol, high-density lipid cholesterol, and blood glu-
cose; and history of diabetes, ischemic heart disease, and/or
atherosclerosis of large peripheral arteries, left ventricular
hypertrophy, atrial fibrillation, dementia, moderate cogni-
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PreventS-MD®

An innovative tool to assess and decrease risks of stroke and myocardial infarction

Y
LY

Informs modern Individually tailored validated
approaches to prevention "\ MOTIVATES information about risk factors

PEOPLE
Ensures fast, evidence-based k TOREDUCETHEIR _ Explanation of significance

. - L. RISK OF CVD
preventative and motivational counselling MOTIVATES

ST of risk factors for the individual

Personalised recommendations
for stroke and heart attack prevention

Encourages discussion of the results
of preventive measures with a patient

Gives access to real-time evaluation \ . PROVIDES A "DIGITAL PROFILE" - Tracking the results of actions (or inaction)
of screened individuals g OF CVD RISKS to control the risk of stroke,
and effects of prevention : IN ADULT SERVED POPULATIO CVD and other major NCDs
i . o for healthcare managers
The detailed picture of the distribution |

Risk structure (to clarify which risk factors should be
of risks of stroke, CVD and other major NCDs -

given priority for preventative interventions)

Evaluation of the effectiveness
of preventative interventions

Incidence forecast,
prognosis of trends in risk factors -

Regular CVD prevention gets possible and more effective even under

current high load among the healthcare professionals
(real-time digitization, automation, standardization, monitoring and result assessment)

Fig. 1. PreventS-MD®s main features.*

tive impairment, head injury, and stroke or transient isch- to scientific publications. Therefore, active use of the Pre-
emic attack. Additionally, the upper limit of the reference ventS-MD® may become an additional option to increase
SBP level can be entered for display in the individual prog- clinicians' awareness on the significance of certain RFs.
ress graph in the report materials.

Risk assessment module for clinicians
In order to facilitate and speed up data entry, the man-
datory fields include gender, age, ethnicity, and levels of PreventS-MD® incorporates a number of algorithms to get:
the mean and upper limit of reference blood pressure. 5-year and 10-year absolute and relative risks of stroke
Other fields can be automatically filled with the value through the Stroke Riskometer [14]; 10-year absolute and
"Unknown". So, the questionnaire can be pre-filled, e.g. by relative risks of coronary events through the Framingham
nursing staff at the emergency department, or preliminary Risk Score [18]; Life's Simple 7 (LS7) scores [16], [14]; and
risk can be pre-assessed to be finally assessed once the re- original Healthy Lifestyle Scale scores (Fig. 2 and 3). Infor-
maining data have been entered. Another, preferable data mation on the stroke and MI risks is primarily needed as
entry option is integration with existing electronic medical basic rationale to initiate preventive counseling. The con-
records. In this case, most fields can be filled semi-auto- cept of risk is difficult to understand for non-professionals
matically from existing Electronic Health Records (EHR). on the whole. Additionally, absolute stroke and MI risks,
The ability and the extent of integration depends on the even high-risk thresholds (> 10-15% over 10 years), appear
specifics of EHR software. The clinician only has to con- to be slightly significant for general public. Recently, there
firm the results of the automatic input and, if necessary, has been increasing discussion about the need to refrain
make some adjustments. The initial testing of the patient from using absolute risk indicators as the sole criterion
in the system is the most time-consuming (10-15 min) for determining the need for preventive intervention [14].
as, during repeated risk assessments, all the questionnaire When communicating with a patient, we suggest using
fields are automatically filled with the results of the pre- a relative increase in absolute risk, which more clear-
vious examination and the clinician only has to update ly allows to show the necessity of controlling RFs even
the answers (3-5 min). in young individuals and in the presence of few RFs.
In order to facilitate data entry for each question, there Individual contribution of each RF is identified to the total
are a brief summary on the entry form and an expanded stroke and MI risk is calculated in addition to absolute
one in the electronic user guide, with summary for each and relative vascular risks (Fig. 4). Thus, the clinician can
RF relationship to total cardiovascular risk and references discuss with the patient which of the RFs are the most
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Stroke risks Coronary heart disease risks
Absolute 10-year stroke risk 2% Absolute 10-year coronary heart disease risk 5%
10-year stroke risk is increased* 2.1 times 10-year CHD risk is increased 2.5 times
Absolute 5-year stroke risk 0.9%
5-year stroke risk is increased* 2.6 times

*Shows risk of this individual compared to someone of the same age, sex, and ethnicity/race but without additional
risk factors (relative risk); "not increased” message means that relative risk is equal to 1.0

Risk of other majon non-communicable diseases

Increased risk**

**Based on Life's Simple 7 score, which is closely correlated with excessive

Fig. 2. Risk assessment output for professionals.
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Fig. 3. Healthy Living Rating for patients.

92 AHHa bl KIIMHUYECKOW 1 SKCriepuMeHTansHow Hespoorvm. 2024. T. 18, Ne 1. DOI: https://doi.org/10.54101/ACEN.2024.1.10



TECHNOLOGIES

important for them and to select those to correct for the
greatest risk reduction, i.e. additional conditions for cus-
tomization of preventive intervention.

PreventS-MD® also provides an opportunity to estimate
relative risk of other significant NCDs including chron-
ic obstructive pulmonary disease, pulmonary embolism,
pneumonia, chronic kidney disease, deep vein thrombo-
sis, cancer, hip fracture, and dementia. This calculation
is based on the literature related to correspondence be-
tween LS7 scores and relative risk of the above conditions
[17]. As these data are indicative, a color-coded chart with
graphically represented NCD risks is to provide this infor-
mation to patients (Fig. 5).

Relative contribution of different risk
factors to your stroke risk

Unhealthy diet 8 %
Low physical activity 4 % Smoking 17 %
Risk
Age, sex, race 28% increased
by 5.6 times
Elevated

blood pressure 32 %

Atrial
fibrillation 11 %

Please, see which risk factors are the most significant for you.
The stick out parts of the chart are modifiable risk factors.
You can reduce your stroke risk by controlling them.

Fig. 4. Individual relative RF contribution to the total stroke risk.

Your risk of other major non-communicable diseases
based on your modifiable risk factors

Pulmonary
embolism

&3

Emphysema_
and/orchronic

bronchitis ‘ '

Chronic
Kidney
disease

Deep
| | vein
thrombosis

1 1.2 2
——
No excessive risk

Increased risk

Fig. 5. Relative risks of other significant NCDs.

PreventS-MD® in cardiovascular prevention

Summary module for patients

In order to save clinician's time, the final report for a pa-
tient is semi-automatically generated. The summary form
includes textual description of the results, with an expla-
nation of the identified increase in relative risks and a list
of identified RFs (Fig. 4). For each of the identified RFs,
recommendations are provided as adapted for non-profes-
sionals. The recommendations are based on international
and national guidelines for cardiovascular prevention. The
summary and recommendations can be edited to corre-
spond with individual requirements. The clinician can se-
lect the recommendations to add to the printable summa-
ry form because excess of information can evidently have
the same negative impact as lack of information.

In addition to textual information, the PreventS-MD® pro-
vides the results of current and previous examinations
graphically, as charts and graphs. Therefore, the clinician
gets an opportunity to discuss changes in patient's risks
of stroke and MI and particular RFs with them. In addition
to the changes in the considered indicators, the graphs
contain information on the optimal (target) levels and re-
peated information related to the possible positive effect
of the target levels achieved on the risk level (Fig. 6).

Maintenance of secondary stroke prevention

PreventS-MD® has been designed not only to maintain
primary CVD prevention. Although there are currently no
algorithms approved for wide use to calculate individual
risks of recurrent stroke and MI, the incidence of recurrent
vascular events is generally known. The main RFs targeted
by preventive interventions in secondary prevention are
the same. However, more attention should be paid to phar-

Systolic blood pressure (mmHg)

. Your result

Your upper limit of normal
BPis 120 mmHg.

2004

%,

<. <
75 Y0, 2 %0, 2
0> 23 (+F] > O 7

If your BP is higher than the target BP recommended by your clinician,
BP decrease by each 10 mmHg implies that stroke risk has been decreased by 30 %.
If your BP has been normalized, it means that stroke risk has been decreased by 55 %

Fig. 6. Changes in the individual SBP levels.
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maceutical therapy in such patients. Rationale for good
treatment adherence can be added to the report as a sepa-
rate recommendation (Fig. 7). A number of special phrases
are provided to describe the effect of antihypertensive,
hypolipidemic, antiaggregant, and anticoagulant therapies
on risk levels. These phrases should always be added by
clinicians at their discretion by selecting the appropriate
options (check boxes). The relevant options are automat-
ically highlighted in red in patients with elevated SBP
(> 140 mmHg), elevated total cholesterol (> 6.2 mmol/L),
atrial fibrillation, and history of coronary events.

If the patient has a history of stroke and/or manifestations
of ischemic heart disease, the system generates a special
summary and modified phrases on the effects of pharma-
ceutical prophylaxis. In addition to textual information on
need for good treatment adherence, the system provides
graphical representation of risk reduction as compared
to that in treatment refusal. These graphs can also be
customized depending on whether a particular category
of pharmaceuticals is indicated.

Healthy Living Rating

This tool was designed to allow a clinician to focus pa-
tient's attention on modifiable RFs in an accessible and
attractive manner (Fig. 3). This component is especially
important in prevention of recurrent vascular events.
As it is impossible to calculate the risks of recurrent
events, it also becomes difficult to demonstrate a positive

Importance of regular taking medications

Anti hypertension

Cholesterol lowering
medication

medication (statins)

Anti-aggreggant
(CHD)

effect (risk reduction) when behavioral and metabolic RFs
are corrected. Healthy Living Rating considers the pres-
ence and the severity of the main modifiable RFs. The
maximum score is 100 units. The previous test result is
also displayed in the report. We should note that the score
can be used even if the data are partially absent. In this
case, a warning is displayed and the number of points is
also calculated with maximum possible value of 100 units
but for the specified RFs only.

Behavior change support module

Cardiovascular disease prevention is a challenge mostly
related to knowledge about the psychological features of
health behavior management. Behavioral psychologists
have been trying to find an effective solution for many
years. Many models have been created and tested, primar-
ily "motivational behavior models" [2]. Although no uni-
versal solution has been found to date, there is consensus
that key elements of behavior regulation are aspects of
motivation, self-regulation, and setting personalized, spe-
cific, and acceptable goals [1]. PreventS-MD® include two
tools, a questionnaire for subjective assessment of motiva-
tion to initiate correction of identified RFs and a behavior
change targeting tool with the Confidence in Achieving
Goals questionnaire.

The motivation assessment questionnaire is generated
automatically and based on the identified RFs. It is an
0 to 10 visual analog scale to grade desire of starting

~

Anti-aggreggant @ Anti-coagulant
(Strlr)keﬁg

Successful prevention of recurrent stroke and primary myocardial
infarction is based on regular taking all the prescribed medications.

Particularly:

O regular taking antihypertensives also decreases risks of recurrent stroke
and primary myocardial infarction by ca. 25-35 %.
(Decrease in systolic blood pressure by each 5 mmHg additionally
decreases risk of recurrent stroke by 10 %).

O inirregular heart rhythm (e.g. atrial fibrillation), regular taking special
medications to prevent blood clots in the circulatory system
(e.g. warfarin, dabigatran, rivaroxaban, or apixaban)
decreases risk of recurrent stroke by ca. 60-70 %.

Taking all the prescribed medications reduces your risk the best.

Fig. 7. Recommendation that emphasizes the importance of good treatment adherence.
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Prevalence of risk factors

C )

N Overweight (n = 36) Obesity (n = 19)

Elevated systolic blood pressure

Fig. 8. Prevalence of risk factors represented in an analytical
module.

to control certain RFs. Data can be entered immediately
into the system via the online interface when interview-
ing a patient, or the questionnaire can be printed out
for the patient to complete with following transfer the
responses. According to the literature, further counseling
on direct interventions for a specific RF is appropriate
if the subjective motivation score is > 5 points. Other-
wise, further discussion is necessary on the need to
control this RF as a whole. In addition to current sur-
vey results, the clinician also has access to the history
of motivation assessments at previous visits.

RFs with an entered motivation value of > 5 points are dis-
played in the interface to set individual goals. The system
has several options for each RF, which can be additionally
modified. It is possible to set one's own option of the goal
entirely. The list of goal templates is planned to be ex-
panded regularly in the future. Behavioral psychologists
do not recommend setting over 3 goals per visit although
the system allows you to do so.

The clinician can print out an individually generated ques-
tionnaire to give the patient a handout with the select-
ed goals and to fulfil an additional, supporting technique,
the assessment of confidence in achieving the goals. The
questionnaire is an 0 to 10 visual analog scale. The output
allows the clinician to determine when it is appropriate to
schedule another visit for supportive preventive counsel-
ing and which RFs require additional support and are an
additional way to support behavior change as they form
of a "written agreement between a clinician and a patient."

Analytical module

PreventS-MD® is a software to support preventive inter-
vention and a powerful tool for management decision-
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making, and a basis for scientific research. All the data
entered into the system and the calculated indicators are
available for analysis. The analytical module includes
several sections (analytical models), with preset cal-
culation indicators and diagrams grouped to solve the
relevant task: assessment of system utilization activity,
determination of RF burden in the population served
(Fig. 8), assessment of risk changes, health behavior tool
usage statistics, and risk estimate of other NCDs. For
each analytical model, there is a number of filters to get
data selected for a certain period, in a separate unit, for
patients of selected age, sex, etc. For additional analysis,
anonymized data can be uploaded to a file in a format
that is compatible with statistical software.

Technology implementation options

PreventS-MD® can be accessed as a separate software
product from authorized devices via the Internet or as
part of an actual EHR software. The developed applica-
tion programming interface (API), in fact, allows one to
connect to any EHR system following all the requirements
for personal data protection. The ability to semi-automa-
tically prefill the questionnaire with EHR data depends on
the system to be integrated with. Presently, there is ex-
perience of successful pilot integration with the Medialog
medical information system.

Expected results of large-scale implementation
into practice

Based on the literature data related to the proven pos-
itive impact of addressing major NCD RFs on morbidity
and mortality rates, we can state that large-scale Pre-
ventS-MD® implementation in the routine practice of
healthcare institutions can contribute to reducing the
burden of CVDs and other major NCDs by up to 50%,
namely:

» preserving the work capacity of experienced workers;
reducing economic losses to employers and the state;
reducing treatment and rehabilitation costs;

increasing effectiveness of other prevention activities;
improving the quality of life and longevity in the
population.

These results can be achieved by the fact that:

1. Clinicians get an opportunity to perform standardized,
evidence-based preventive counseling as part of their
core activity.

2. The population gets motivated to control the RFs based
on customized information and specific instructions.

3. Healthcare managers are able to make timely and tar-
geted decisions based on objective information as the
effectiveness of the strategy for RF correction all the
international and national prevention guidelines is in-
creased.
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