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Abstract

Aim — creation of a computer program using a modern programming language
that allows remote assessment of patient treatment adherence based on the
national KP-25 scale.

Material and methods. The program we developed was implemented using
the modern programming language Python 3.8. This electronic assistant allows
the user to automatically collect and systematize compliance data, conduct
statistical analysis and store patient survey data. All these processes, depending
on the operator’s goals, can be carried out using local and cloud servers. If
it is necessary to transfer data remotely, the program has the functionality to
‘depersonalize’ data about the respondent, which ensures safe and correct
accumulation and storage of data.

Results. The program allows the user to evaluate 6 technical indicators
calculated using formulas: importance of drug therapy, importance of medical
support, importance of lifestyle modification, readiness for drug therapy,
readiness for medical support, readiness for lifestyle modification. Calculation

using integrated formulas also allows the user to display the result of the
commitment calculation on the user’s screen in four aspects: 1) commitment
to lifestyle modification, 2) commitment to drug therapy, 3) commitment
to medical support, 4) integral commitment to treatment. After the end of
testing, the program saves the patient’s answers to an Excel file located in the
root folder of the program in the form of percentages, which are generated
depending on the patient’s response in accordance with the classical algorithm
for interpreting the results of the questionnaire using integrated formulas.
Conclusion. This software product can potentially be used in the scientific
process in conducting cohort and population-based studies aimed at assessing
compliance in routine medical practice, as well as integrated into existing and
promising medical information systems.
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NporpaMmma yaasneHHOW OLEeHKU NPUBEPXXEHHOCTHU
Jyie4yeHUto Ha ocHoBe onpocHuka KOI-25:
HOBbIA UHCTPYMEHT TeJieMeAULUHbI
ANA AUCTAaHLUMOHHOrO aHann3a KOMMJIaeHTHOCTHU

A.A. lapaHuH, H0.A. TpycoB

Prb0Y BO «Camapckuii rocyaapCTBEHHbIM MeOUUMHCKUIA yHuBepcuTe™» MuHagpasa Poccum
(Camapa, Poccuiickas depepauust)

AHHOTauums

Iesb — co3paHMe KOMITbIOTEPHOM IIPOrpaMMBI C UCIIOJIb30BAHUEM COBPEMEH-
HOTO s13bIKa IIPOIPaMMMPOBAHUSI, TI03BOJISIONIEH AUCTAHIMOHHO OIleHUBATh
IIPUBEP>KEHHOCTD JIeYeHUIO NAllHeHTOB Ha OCHOBE OTe4eCTBeHHOM IIIKAJIbl
KOII-25.

Marepuan 1 Meroasl. PazpaboraHHasi HAMU ITpoOrpaMMa BBITIOJIHEHa C UC-
I10JIb30BaHKeM COBPEMEHHOT0 si3bIKa ITporpamMMupoBanusi Python 3.8. JlaHHbIi
9JIEKTPOHHBIN TIOMOIIHUK N03BOJISIET B aBTOMATHYeCKOM PeXXMMe OCYIIecT-
BJISITH COOP M CHCTEMATH3allHIo IAHHBIX O KOMIITIAeHTHOCTH, IPOBOZIUTH CTa-
THCTHYECKUI aHaJIU3 U XPaHUTb IaHHble 06 aHKeTMPOBAaHMM ManueHToB. Bee
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OTHU IIPOLeCChl B 3aBUCUMOCTHU OT nesuen orieparopa MOT'yT OCylIeCTB/IATbCA
C UCIIOJIb30BHUEM JIOKAJIbHBIX U OOJIaYHbIX CepBepoB. HpI/I HeobX0IMMOCTH
Tiepejavy IaHHbIX Ha PaCCTOSAHUU IIPOrpaMma uMeeT Cl)yHKLlI/IOHaJ'I 1o «o6e3-
JIMYMBAHUIO» MAaHHBIX O peClIOHJeHTe, 9TO obecrnieunBaeT 6e30acHoOe U Kop-
PeKTHOe HaKOIUIeHHe U XpaHeHHe JTaHHbIX.

PEByJII)TaTbl. HporpaMMa II03BOJIIeT OeHUBATh IeCTb TeXHUYeCKHUX I10-
KazaTeJsiei, pacCYUTBIBaeMBbIX I10 Cl)OpMyJ'IaM: BaXXHOCTb ﬂeKapCTBeHI—[Oﬂ
Teparuy, BaXXHOCTb MeJUIIUHCKOI'O COIIPOBOX/1eHHUs, BaXXHOCTb MOlII/I(bI/[-
Kanquu 06pa3a JKM3HH, TOTOBHOCTD K J'IeKapCTBeHHOﬂ Tepariy, rOTOBHOCTb
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Hayka n UHHOBauUuK B MeauLuHe

K MeJUITUHCKOMY COIIPOBOXXJI€HWUIO, TOTOBHOCTb K MOZ[H(l)HKHLH/II/I 06[)833
sxu3HU. Pacder o HUHTEerpyupOBaHHBIM (l)OpMyJIaM TaK>Xe ITO3BOJIsIeT BEIBECTH
Ha 3KpaH II0JIb30BaTeJIsl pe3yJbTaT pacdeTa IIPUBEPKeHHOCTHU 110 YeTbIpeM
daClleKTaM: IIPUBEepPKeHHOCThb MOZ[I/I(I)I/IKBLU/II/I 06p338 JKHU3HU; IIPHUBEpIKeH-
HOCTb HeKapCTBeHHOﬁ Tepalny; NIpUuBep>XeHHOCTb MeJUITUHCKOMY COIIpO-
BOXJIeHUIO; UHTerpaJibHas NMPUBep>XXeHHOCTh JIeYeHUIO. IToce okoHYaHUS
TeCTUPOBAaHUs IIPOTPpaMMa COXpaHsgeT OTBETHI IIallheHTa B (l)aI;IJI Excel,
paCHOHO)KeHHbIﬁ B KOpHeBOﬁ T1ankKe IMMporpaMMel, B BUJie IIPOIIeHTOB, KOTO-
pble IIOPOXKJAI0TCA B 3aBUCUMOCTH OT OTBETA IIallMeHTOB B COOTBETCTBUU C

KJIACCHYeCKHUM aJITOPUTMOM MHTepIpeTalliy pe3y/IbTaTOB BOIPOCHUKA IO
HMHTerpUpOBaHHbIM GOpMysIaM.

3axuriogenue. PazpaboTaHHBINM IPOrPaMMHLIHM NPOYKT IOTEHIUAIBLHO MOXET
OBbITh IPUMeHeH B Hay9HOM IIpoliecce IPY IIPOBeJIeHNH KOTOPTHBIX U MOMYJIs-
IIMOHHBIX UCCIIeJOBAHUN, KOTOPbIe HallpaBJleHbl Ha OLIeHKY KOMIIJIAeHTHOCTH
Y B PyTHHHOM MeJJUIIUHCKOM IIPaKTHKe, a TAK)Ke MHTeIPUPOBaH B CYIECTBYIO-
I1IMe Y NepCIeKTUBHbIe MeJUIIMHCKUe HHPOPMaIMOHHbIe CUCTEMBI.
KinoueBble c10Ba: NIpUBepXXeHHOCTD JIeUeHHUIO, 3JIeKTPOHHBIHM ITOMOIIHUK,
onpocHuk KOII-25, Tenemenuryaa, TeJTeMOHUTOPHHL.
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m INTRODUCTION
dherence to treatment (compliance) can be characterized
as a patient’s measurable ability to follow medical
prescriptions. It includes regular medication intake, lifestyle
modifications, and observance of medical recommendations.

Comliance is critically important in achieving positive
therapeutic results and, in many aspects, shapes the patient’s
health prognosis. According to World Health Organization
experts, compliance with medical prescriptions is considered
one of the most significant factors influencing public health
[1, 2]. Focusing on treatment adherence can substantially
enhance the effectiveness of healthcare initiatives and
programs.

At the moment, the methods of therapeutic compliance
evaluation may be divided into two main groups [3]: direct
(analyses and direct supervision of medication intake) and
indirect (use of various questionnaires and scales).

Although direct methods of evaluation of compliance with
recommended treatment are very accurate, they are seldom
used in routine clinical practices and are usually resorted
to in clinical trials. Among alternate approaches, such as
interviews, analysis of admissions, questionnaires the latter
are considered the most economically viable to evaluate the
patients’ compliance with prescriptions [4].

In modern clinical practice, the emphasis is placed on
questionnaires that enable quantitative assessment of
treatment compliance levels. These tools are universal and
applicable to patients with various diseases; they facilitate
automated data collection and analysis, which makes them
particularly convenient.

Among the well-known questionnaires use to evaluate
compliance, MMAS-4 and MMAS-8 are worth a special
mention. While MM AS-4 has limited sensitivitiy, specificity
and reliability [5], its successor, the MMAS-8, shows
significantly higher sensitivity values with a comparable
level of specificity [6]. It is to be noted, however, that
complete reliance on this new tool requires additional
research. Despite such advantages as brevity and ease of
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use, the two questionnaires have several disadvantages:
the evauation scale is qualitative, not quantitative; lack of
possibilities to evaluate other aspects of compliance than
medication intake.

In order to overcome the said restrictions, the Russian
questionnaire for quantitative evaluation of treatment
compliance was developed, the COP-25. Created in 2009, this
tool was designed to evaluate compliance with instructions
of patients with arterial hypertension, but found use in other
fields of medicine [7]. Treatment compliance assessment
is of particular importance in patients with chronic non-
communicable diseases (CNCDs) within the framework of
outpatient follow-up. The protocol published in 2015 provides
a detailed description of treatment compliance analysis
methods. Studies have demonstrated the high sensitivity,
specificity, and reliability of the COP-25 questionnaire,
making it a valuable tool in clinical practice.

Recent studies demonstrate that effective long-term
monitoring can be achieved using telemedicine technologies
[8-10]. However, the integration of information and
communication technologies and telemedicine tools into
routine clinical practice raises a number of challenges
that require in-depth analysis and optimization to enhance
healthcare quality and improve collaboration among all
stakeholders.

m AIM

Creation of a computer program using a modern
programming language that allows remote assessment of
patient treatment adherence based on the national COP-25
scale.

m MATERIAL AND METHODS

The Scientific and Practical Center for Telemedicine at
Samara State Medical University has developed software
tools to assess treatment compliance using the Russian COP-
25 scale. These tools comprise a software suite with three
web applications. This solution enables healthcare providers

www.innoscience.ru
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to efficiently and accurately collect patient adherence data
during both in-person outpatient visits and telemedicine
consultations.

Our program is written in the modern programming
language, Python 3.8. The electronic assistant enables
automated collection and systematization of data on patient
compliance, perform statistical analysis and store data from
patient questionnaires. These processes, depending on the
operator’s goals and objectives, may be performed on local
and cloud-based servers. In case of necessity of long-distance
data transfer, the program, has an option of depersonalization
of the interviewee’s data ensuring secure proper collection
and storage of information.

Following the results of work on the electronic assistant,
certificates of state registration of computer programs were
obtained: “Program of remote quantitative evaluation of
therapeutic compliance based on the COP-25 questionnaire”
(registration No. 2024619892, registration date: 27.04.2024);
“Program of remote quantitative evaluation of therapeutic
compliance based on the COP-25 questionnaire”
(registration No. 2024660040, registration date: 02.05.2024);
“Questionnaire for the quantitative evaluation of therapeutic
compliance: the COP-25 calculator” (registration No.
2024660243, registration date: 03.05.2024).

m RESULTS AND DISCUSSION

Our program is designed for the remote quantitative
evaluation of patients’ compliance with therapy in the
process of dynamic follow-up to perform scientific research,
therapy or prevention; it is implemented based on the COP-25
questionnaire. To that end, the software package is installed to
the disk specified by the user in the doctor’s workstation. Once
installed, the electronic assistant is launched by running the
executable file (.exe). After launching, the program generates a
window in the user’s desktop with 25 questions from the classic
variant of the COP-25 scale. Once all questions are answered,
the program uses integrated formulas to automatically calculate
the indicators of therapeutic compliance, shows the user the
result of the interview with the score and their interpretation
describing the patient’s level of compliance with treatment
(Fig. 1).

The program evaluates six technical indicators calculated
using formulas: significance of drug therapy, significance
of medical follow-up, significance of lifestyle modification,
readiness to drug therapy, readiness to medical follow-up,
readiness to lifestyle modification (Table 1).

The calculation using integrated formulas also enables
output of the compliance calculation in four aspects: 1)
compliance with lifestyle modification; 2) compliance with
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PacueT npuBepXeHHOCTH
MpuBepXeHHOCTL NeKapcTBEeHHON Tepanuu Ca: 57%
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i
| YPOBHM NpUBepPKEHHOCTH
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Figure 1. Appearance of the doctor’s electronic assistant based on the domestic scale KOP-25, generated by the core
of the program when launched from the browser.

PucyHok 1. BHewHull BUO 3/1eKmMpoHHO20 NOMOWHUKa Bpaya Ha 0CHoBe omedecmBeHHoU wkasnbl KOI-25,
nopoxxodaemozo s10poM npozpamMMbl npu 3anycke u3 bpaysepa.
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Question No.
(sum of scores)

Significance of drug therapy Md 2,3,4,6,14
Signigicance of medical

follow-up Mm 1,5, 10, 11, 13
Significance of lifestyle

modification Mc 7,8,9,12,15
Readiness to drug therapy Gd 16, 17, 18, 20, 21
Readiness to medical

follow-up Gm 16, 19, 20, 24, 25
Readiness to lifestyle

modification Ge 19, 22, 23, 24, 25

Table 1. List of 6 technical indicators for the results of patient
interviews using the electronic version of the KOP-25 questionnaire

Tabnuuya 1. OuyeHka 6 mexHuU4Yeckux nokasamernel no
pe3ynbmamam UHMepBbUPOBaHUS NayueHma ¢ NOMOWbH
3/1eKmpPOHHO20 BapuaHma onpocHuka KOrl1-25

drug therapy; 3) compliance with medical follow-up; 4)
integral compliance with treatment.

The calculation of these values is performed using the
following formulas.

Compliance with lifestyle modification:

ooy » ((30:MO) ;(60 Go)

100 ),

where:

Cc — compliance with lifestyle modification, %
Mc - significance of lifestyle modification, points
Gc —readiness to lifestyle modification, points
Compliance with drug therapy:

- X -
Cde] + ((30+Md) . (60 +Gd)) <100 .
where:
Cd - compliance with drug therapy, %
Md - significance of drug therapy, points
Gd — readiness to drug therapy, points

Compliance with medical follow-up::

. ((30=Mm) x (60 ~Gm)) 5

Cm=1 v 100 A3),

where:

Cm — compliance with medical follow-up, %
Mm - significance of medical follow-up, points
Gm - readiness to medical follow-up, points

Integral compliance with treatment:

(Cm+2Cc+3Cd)
C= 6
@,
where:
C — integral compliance with treatment
Cm — compliance with medical follow-up, %
Cc - compliance with lifestyle modification, %
Cd — compliance with drug therapy, %.
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Upon completion of testing, the program saves the patient’s
answers in an Excel file in the root folder of the program
as percentage values calculated depending on the answers
of patients in accordance with the conventional algorithm
of interpretation of questionnaire answers using integrated
formulas. At the same time the doctor may perform a number
of studies on a group of patients forming a database on
their computer, and then perform a population analysis of
therapeutic compliance, or compliance in a specific cohort or
a specific patient. Moreover, the program enables any entitled
observer to remotely evaluate compliance with therapy from
any location and any computer connected to the Internet,
thus providing the opportunity of mass remote evaluation of
therapeutic compliance.

Following the interview with the patient using the COP-25
scale, the electronic assistant gives the doctor the possibility
of recording and transferring the data as well as form a
database. This assists in the making of a substantiated decision
on prescription of drugs with consideration of evaluated
compliance. Below are several options of use of our electronic
assistant.

1. Deployment at a paramedic’s workstation in rural
health posts (RHPs) enables remote assessment of treatment
compliance for RHP-visiting patients by physicians from
central district hospitals or regional telemedicine centers
during remote follow-up monitoring. This software solution
also allows integration with regional medical information
systems.

2. Development of a mobile application for patients under
follow-up care, enabling self-assessment via the COP-25
questionnaire with subsequent automated treatment compliance
evaluation, data transmission to the medical information
system, and results analysis by the attending physician.

3. Development of a mobile application for industrial
workers as part of occupational health initiatives, enabling
periodic workplace assessment of treatment adherence
using this digital tool among employees with chronic non-
communicable diseases.

The important feature of this electronic assistant is the
functionality of dynamic evaluation of compliance with the
prescribed therapy, viz. analysis of efficacy of the treatment
and adjustment of therapeutic plan over a long period of
time. Not only does it register data on compliance but also
compares results on different stages of treatment, which
allows determining the trends and suggest more personalized
treatment considering individual needs and behavior of the
patient. This approach assists better outcomes of the therapy
and improves overall patient satisfaction with treatment results.
In outpatient and telemedicine practice, time constraints often
limit thorough medical documentation. Digital assistants that
streamline data entry and storage serve as valuable tools for
optimizing clinician workflow.

The Scientific and Practical Center for Telemedicine at
Samara State Medical University is conducting pilot studies
to evaluate the efficacy of a digital assistant, particularly
in remote follow-up monitoring. The research focuses on
treatment adherence in patients with various chronic non-
communicable diseases (CNCDs). This issue is of critical
importance as many of these conditions require long-term
therapy.

www.innoscience.ru
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As per existing data, the level of non-complianc with
treatment varies from 4 to 88%, and only about 50% of
patients with CNCDs demonstrate long-term compliance. This
emphasizes the need for development of efficient solutions
to improve treatment compliance [11-14]. The electronic
assistant may significantly influence the treatment outcomes
not only from the new data, but also from evaluating the
compliance dynamics in the long run. This enables the doctor
respond to changes in the patients’ behavior in a prompt way.

Modern technologies can significantly improve
healthcare quality and physician-patient interaction,
thereby enhancing treatment effectiveness. Treatment
adherence assessment is particularly crucial for patients
with cardiovascular diseases (CVDs), as these conditions
represent the leading cause of disability and mortality.
Circulatory system disorders frequently lead to severe
complications, underscoring the need for adequate
and consistent therapy. However, the national register
REKVAZA, initiated in the Ryazan Region, identified a
significant discrepancy between the medical prescriptions
and modern clinical recommendations. This discrepancy
emphasizes the importance of implementation of systems
enabling doctors to supervise in a more closer manner the
patients’ compliance with treatment and meet the current
clinical standards. It follows from the data that among 2548
outpatients with coronary heart disease (CHD) the statins,
crucial for reducing the risk of cardiovascular accidents,
were prescribed only in 28.7% cases. In the patients after a
myocardial infarction (MI), this indicator was 42.3%, and in
the patients after the second MI, 50%. In the patients with a
cerebral stroke, this indicator was only 9.8%, and in patients
with diabetes mellitus (DM), 18.9% [15]. These quantitative
data emphasize the vital importance of a stricter adherence
to recommendations once the therapy is prescribed, which
would minimize the risk of potential complications and
improve the quality of medical services. The EFFORT study
addressed elderly patients aged over 65, of which 81.1%
were in the age group of 65-74 years. These individuals
suffered from arterial hypertension and had confirmed
CHD, for which statin therapy is indicated. However, every
third of them had MI, and 93% were diagnosed with arterial
hypertension, which indicates the vulnerability of this age
group and its need for special attention during treatment.
Despite that, compliance with therapy is only significant
in the initial stages of it. Active use of statins is typically
observed during the first three months of treatment. With
prolonged follow-up, compliance levels decline sharply.
At three months, 34.2% of patients discontinue prescribed
medications. Between four months and one year, this
proportion increases to 69.9%, while compliance drops to
72.7% in the 1-5 year period. Regretfully, nearly 93.1%
of patients discontinue therapy after five years, which
represents a critical concern [16].

Multiple studies show that lack of compliance with intake
of oral anticoagulants by patients with atrial fibrillation (AF)
may decrease their efficiency in actual clinical practice. The
systematic review and the metaanalysis by S. Salmasi et al.
(2020) included 30 different studies and determined hat up
to 30% patients with AF do not comply with the prescribed
anticoagulant therapy [17]. This emphasizes the need to focus
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on compliance, for the lack of compliance with treatment may
have an adverse effect on the health of patients increasing
the risk of clot formation and strokes. Another group is
patients with arterial hypertension who also demonstrate
lack of compliance. According to some studies, 43 to 66%
of patients do not follow the doctors’ advise on the intake
of antihypertensive drugs; moreover, one year after the start
of therapy, 40 to 65% of patients stop taking the prescribed
drugs [18-20].

Studies demonstrate that patients with poor compliance
with intake of essential cardiac medications face a 10-
40% increased hospitalization risk [21, 22]. R. Mathews
et al. (2015) found that only 71% of 7,425 patients after
percutaneous coronary intervention maintained prescribed
treatment at 6-week follow-up, while 25% showed suboptimal
compliance and 4% exhibited poor compliance [23]. Most
alarmingly, over one-third of patients miss antiplatelet therapy
twice weekly or more frequently, significantly elevating the
risk of stent thrombosis and recurrent myocardial infarction..

The study of ST de Vries et al. Found that the experience
of patients with Type 2 diabetes mellitus shows various levels
of compliance with therapy. The most manifested problems
were found in patients taking glucose-lowering medications:
37.6% of patients did not comply with the proper treatment
regime. Every fifth patient demonstrated low compliance
with antihypertensive and lipid-lowering drugs [24]. A
similar study performed by M. Viana found that among
patients with chronic heart failure (CHF) compliance with
angiotensin-converting enzyme inhibitors (ACEIs) was high,
while significantly lower compliance rates were observed for
beta-blockers and diuretics.

On a side note, if information about only one type of
drug were used to evaluate compliance with treatment,
such classification would have been inaccurate in over 20%
cases [25]. This emphasized the importance of an individual
approach, in which it is important to evaluate compliance
with each type of drug seperately.

m CONCLUSION

Treatment adherence assessment in patients with chronic
non-communicable diseases has become a critical aspect of
clinical practice. This is particularly relevant in telemedicine
consultations and remote health monitoring. Integrating
digital tools for dynamic adherence evaluation into modern
medical information systems may optimize diagnostic and
therapeutic processes while improving patient compliance
with prescribed therapy. The use of modern digital solutions
plays a pivotal role in scientific research aiming at
development and implementation of primary and secondary
prevention of chronic non-communicable diseases. The
accumulated data may be used in the future as the basis for
datasets to be utilized in machine learning which, in its turn,
may facilitate development of medical decision-making
support systems. In this way, development of technologies
aimed at enhancing evaluation of compliance opens new
horizons not only for improving healthcare quality, but
also for creating novel opportunities in scientific progress
and clinical practice. This advancement may lead to more
effective and personalized treatment approaches, including
for patients with comorbidities. »=
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