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Introduction

Cardiovascular diseases (CVDs) are the leading cause
of mortality in most countries worldwide [1]. Among
the most common forms of cardiac rhythm disorders,
atrial fibrillation (AF) occupies a special place [2]. AF
includes paroxysmal, persistent, long-standing persistent,
and permanent forms [2]. According to numerous
epidemiological observations, the prevalence of AF is
steadily increasing. This trend is driven by population
aging, improved diagnostic capabilities, and changes
in lifestyle patterns. In this context, there is an urgent need
to develop new approaches to healthcare delivery that
emphasize efficiency and a balance between cost, quality,
and patient comfort.

Despite extensive research on the clinical management
of AF patients, the economic efficiency of service
provision remains insufficiently studied. Most publications
focus on pharmacoeconomic aspects or cost assessments
related to specific treatment methods. However, issues
of organizational efficiency, adaptation of medical services
to market conditions, and consideration of patients'
behavioral characteristics require a more systematic
analysis.

This paper proposes a combination of two previously
conducted studies on the market efficiency of healthcare
services for patients with various forms of AF, using
the model developed by D. Dranove and M. Satterthwaite
[3]. This integration allows for a broader patient cohort
and reveals key patterns in the relationships between price,
quality, comfort, and informational noise across different
clinical scenarios [4,5].

Goal: To assess the market efficiency of healthcare
service organization for patients with persistent, long-
standing persistent, and permanent forms of atrial
fibrillation based on a modified theoretical model by
D. Dranove and M. Satterthwaite. The study also aims to
determine the role of informational noise in altering demand
elasticities and shaping patients’ consumer decisions.

Object, materials and research methods

The object of the study was healthcare services
provided to patients with atrial fibrillation (AF) in both
outpatient and inpatient settings. A total of 600 patients
who received treatment in various medical institutions
across five different care pathways were included.
The observation period covered the years 2015 to 2023.
All patients were stratified according to the form of AF
and the characteristics of their healthcare pathway. Data
from patients with paroxysmal AF were excluded from
the study, as this form often presents asymptomatically
and remains undocumented, making data collection
and analysis difficult.

Care Pathways

Pathway 1

Family physician (Primary Care
Cardiologist (outpatient)

Doctor) —

Pathway 2

Cardiologist (outpatient) —  Cardiology (or
therapeutic) inpatient unit at the cluster level

Pathway 3

Primary Care Doctor — Cardiologist (outpatient) —
Cardiology inpatient unit at a supra-cluster hospital
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Pathway 4

Primary Care Doctor — Cardiology inpatient unit
at a supra-cluster hospital

Pathway S

Emergency Medical Service (EMS) team —
Cardiology inpatient unit at a supra-cluster hospital

As part of the study, a structured questionnaire was
developed. This instrument included patient anamnesis
data relevant to the course of atrial fibrillation (AF), such
as age, sex, place of residence, education level, employment
(income) status, and presence of comorbidities.

The study included patients with the following
diagnosed and/or past medical conditions: COVID-19,
hypertension, use of hormonal medications, varicose veins
of the lower extremities without ulcers or inflammation,
hemorrhoids and perianal venous thrombosis, use of blood-
thickening medications, cardiovascular malformations,
myocarditis, heart failure, thyroid disorders, and obesity.

Patients with diabetes mellitus, chronic pulmonary
diseases, chronic kidney disease, and obstructive sleep
apnea were excluded from the study.

Comorbidity burden was assessed using the Charlson
Comorbidity Index.

During the study, attention was paid to whether
patient management was conducted in accordance with
clinical protocols and guidelines by healthcare providers
at all levels of the system. For patients hospitalized at least
once due to AF, both elective and urgent hospitalizations
were recorded annually.

The questionnaire captured the number of months
the patient spent with persistent, long-standing persistent,
and permanent forms of AF. The duration of each form
may reflect the quality of medical care, influenced by
factors such as healthcare provider performance, patient
compliance, drug efficacy (which is itself dependent on
income, awareness, and access to care), and other variables.

Given the high incidence of stroke, pulmonary
embolism (PE), and myocardial infarction (MI) among
patients with AF, the study documented:

The number of months from AF diagnosis to
the occurrence of stroke

The number of months from diagnosis to MI

The number of months from diagnosis to PE

Patients who had experienced stroke, PE, or MI before
the diagnosis of AF were excluded from the study.

Because the quality of medical care also depends on
the qualifications of healthcare providers, the questionnaire
collected data on the years of experience and professional
category of the initial treating physician — the family
doctor/general  practitioner, outpatient cardiologist,
and hospital-based cardiologist. If patients changed doctors
over time, only the experience and category of the physician
managing the patient at the time of diagnosis or first
hospitalization for AF were considered.

Frequent changes in physicians may compromise care
continuity; therefore, the questionnaire included questions
about whether and how often patients changed their family
doctors or cardiologists.

Compliance was a critical variable influencing care
effectiveness. The questionnaire captured whether patients
had complaints about the services received at the outpatient
or inpatient level and whether there were recorded instances
of non-adherence to prescribed treatments.

Facility ownership was also considered, as it can
influence care delivery. Thus, the study noted the ownership
status of the facility providing primary care at the time
of diagnosis, as well as the facility providing inpatient care
during the patient’s first hospitalization. The current type
of primary healthcare facility was also recorded, as a change
in ownership might reflect patient dissatisfaction with
previous care.

Accessibility to healthcare was evaluated through
a question about whether the patient’s outpatient clinic
was located separately from the primary healthcare center
(PHC).

Environmental conditions during hospitalization,
such as the type of hospital room during the first admission,
were also taken into account, as they may affect treatment
outcomes.

The speed of disease progression served as an indirect
indicator of care quality and patient engagement. For
a clearer understanding, the study recorded the number
of months each AF form lasted and the transition speed
between them. Annual AF exacerbation frequency was
also captured.

An essential factor in evaluating healthcare efficiency
was the annual out-of-pocket spending on outpatient
and inpatient care (from disease onset onward). These
expenditures were calculated in U.S. dollars per year,
based on prescribed medications, using historical price
data from the official drug registry and exchange rates for
the corresponding years.

The method of rhythm control was also documented,
as it affects disecase progression, healthcare costs,
and quality of life.

Patient care pathways were analyzed as a critical
component of timely and effective healthcare delivery.
Each patient was categorized based on a predefined set
of modeled pathways.

The data were analyzed using Structural Equation
Modeling (SEM) [6,7], which allowed for the assessment
of relationships between latent constructs and observed
variables. The theoretical model was adapted to the study
conditions by constructing three main latent factors —
informational noise, quality, and comfort — and specifying
regression links between these factors and healthcare cost.
SEM analysis was performed using the “lavaan” package
in R (version 4.2.2). All data were processed in accordance
with ethical standards and anonymity principles, in line
with the Declaration of Helsinki.

Data processing. Statistical analysis was conducted
using the maximum likelihood (ML) estimation method.
To assess model fit, the following indices were employed
[8,9, 10, 11]:

Root Mean Square Error of Approximation (RMSEA)

Standardized Root Mean Square Residual (SRMR)
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Comparative Fit Index (CFI)

Tucker-Lewis Index (TLI)

For comparison of nested models, the Satorra-Bentler
scaled chi-square difference test was used.

Standardized regression coefficients were evaluated
for statistical significance at the level of p < 0.05.

To improve the accuracy of estimates, particularly for
the variable “cost”, instrumental variable modeling was applied.

Research results

The main hypotheses are illustrated using colored
arrows and suggest the following associations (Figure 1):

A significant negative regression coefficient between
information noise and quality of medical services;

A significant positive regression coefficient between
information noise and cost of medical services;

A significant regression coefficient between
information noise and comfort of medical services;

A significant positive regression coefficient between
quality and cost of medical services;

A significant positive regression coefficient between
comfort and cost of medical services;

A significant positive covariance coefficient between
quality and comfort of medical services.

The acceptance of most of these hypotheses indicates
an approach to equilibrium among the cost, quality,
and comfort of medical services.

The first three hypotheses are important because their
acceptance indicates that the reduction of individualized
price elasticity of demand concerning cost, quality,
and comfort, due to insufficient patient awareness, leads
to a decrease in the balanced values of cost, quality,
and comfort.

We singled out route 1, as it is the only one that does not
include inpatient care. Route 1 exclusively serves patients
with persistent atrial fibrillation (AF). However, this
route is a component of more complex routes. Therefore,
the majority of patients with AF are served either directly
by this route or as part of other routes, which underlines its
significance.

S — 1
] ]

Fig. 1. Diagram of the transformed model by
D. Dranov and M. Satterwhite

Model structure (SEM):

Information noise (F1), as a latent factor, is defined
by loadings on the following observed variables (SEM
variable names and coding in parentheses; “*” marks
recoded variables):

Age

Gender

Place of residence

*Education

Employment

Duration of illness

Quality of medical services (F2), as a latent factor, is
defined by loadings on the following observed variables:

Completeness of examination

Ownership form of primary health care facility

Ownership form of the facility where cardiology
outpatient service was provided

Medical staff qualification (f0): a latent factor

Medical staff qualification (f0), a latent factor, is
defined by loadings on the following observed variables
(“*” marks recoded variables):

Work experience of general practitioner

*Category of general practitioner

Work experience of cardiologist

*Category of cardiologist

Comfort of medical services (F3), as a latent factor, is
defined by loadings on the following observed variables:

Age

Gender

Number of times the patient changed the general
practitioner

Number of times the patient changed the cardiologist

Patient complaints about the general practitioner

Patient complaints about the cardiologist

Ownership form of the facility where cardiology
outpatient service was provided

Other definitions of latent factors were also considered.
For example, in defining F2, the facility name and whether
the outpatient clinic was separate from the central
primary care center were included. Also, the ownership
form of the primary care facility was used for describing
comfort. However, these additional components caused
singularity of the covariance matrix due to collinearity
(similar information) with included variables and were
therefore excluded without loss of information.

The analysis confirmed six hypotheses in different
subgroups. In the group of patients with persistent AF,
five out of six hypotheses were confirmed. A positive
association was found between quality of services
and cost, as well as between comfort and cost. Information
noise correlated negatively with quality but positively
with cost.

For patients with long-term persistent and permanent
forms, three out of six hypotheses were confirmed. In these
groups, demand elasticity for quality plays a major role,
while the influence of comfort and price decreases. This
indicates an adaptive shift in patient priorities in more
severe clinical conditions.
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Additional analysis showed that the factor
“physician qualification” significantly affects the quality
assessment, while the frequency of physician changes
and patient complaints affect comfort. Cost is influenced
by multiple factors: insurance coverage, age, number
of hospitalizations, treatment intensity, and ownership
form of the facility.

Discussion of research results

The obtained results indicate that the Dranov
and Satterwhite model is an effective tool for analyzing
the market efficiency of medical services [12, 13]. Its
application not only allows identifying key factors
influencing demand formation but also assesses
the effectiveness of adapting medical services to the needs
of different patient categories.

The observed shifts in the structure of demand
elasticities confirm that patients with more severe
forms of atrial fibrillation (AF) focus more on quality,
whereas in milder cases, comfort plays a greater role.
This has important practical implications for developing
individualized healthcare pathways that consider both
clinical conditions and patients’ behavioral patterns.

Information noise, as a latent factor, helped explain
variability in patients' decision-making. Reducing it
through educational campaigns or counseling may
positively influence the achievement of market equilibrium
among cost, quality, and comfort [14, 15].

Prospects for further research

Further studies will focus on expanding the sample size,
including other forms of cardiovascular diseases, analyzing
the dynamics of demand changes over time, and testing
the model on regional subsamples. The development
of recommendations aimed at reducing information noise
and enhancing the transparency of the healthcare system is
also planned.

Apromising direction is the expansion of the behavioral
component of the potential healthcare consumer, which
requires further development of the theoretical framework
from the perspective of behavioral economics.

Conclusions

The Dranov and Satterwait model effectively enables
the modeling of market behavior within the healthcare
services system.

Patients with severe forms of atrial fibrillation
prioritize quality, whereas those with milder forms
prioritize comfort.

The cost of medical services is derived from a complex
set of factors, including clinical, social, and organizational
aspects.

Reducing information noise can improve the balance
between costs, quality, and comfort.

SEM modeling is a reliable tool for evaluating
effectiveness under multifactorial influence.
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Purpose: To evaluate market efficiency in organizing medical services for patients with persistent, long-standing persistent, and
permanent atrial fibrillation using an adapted model by Dranov and Satterwait, considering the role of information noise in demand
elasticity and consumer decisions.

Materials and methods: The study analyzed services for 250 patients with various atrial fibrillation forms during 2015-2023
across five clinical pathways. Structural Equation Modeling (SEM) with latent variables — quality, comfort, and information noise —
was applied using R’s «lavaan» package. Model fit was assessed with RMSEA, SRMR, CFI, TLI, and the Satorra-Bentler test.

Results. SEM showed significant links between quality, comfort, cost, and information noise. For persistent atrial fibrillation
patients, service cost correlated strongly with quality and comfort; in other forms, quality sensitivity prevailed. Information noise
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reduced perceived quality but increased cost. Physician qualification influenced quality, while physician changes affected comfort.
Conclusions. The Dranov and Satterwait model effectively assesses healthcare market behavior. Patients with severe atrial
fibrillation prioritize quality; those with milder forms value comfort more. Minimizing information noise can optimize cost, quality,
and convenience balance. SEM is a suitable method for analyzing complex consumer behavior factors.
Key words: healthcare service efficiency, atrial fibrillation, theoretical model, quality of health care service, patient comfort,
SEM, information noise.

Merta: ycebiuHa olliHKa PHHKOBOI €()eKTHBHOCTI OpraHi3alii MEAWYHUX MOCTYT AJIS MAIIE€HTIB i3 MEPCUCTYIOUO00, TPUBAJIO TIEp-
CHCTYIOUOIO Ta MOoCTiiHOI0 Gopmamu ¢idprssiuii mepencepas (PIT) i3 BuKkopucTaHHIM aganToBaHol TeopeTndHoi mozeni J{. Ipanosa
i M. Carrepseiita. OCHOBHHI aKIIeHT 3p00JIeHO Ha aHai3i BIUIMBY iH(GOpPMAILiHHOTO ITyMy Ha 3MiHY €1aCTUYHOCTI ITOIUTY, CIIOXKHBIY
TIOBEJIHKY Ta NPOIEC NPUHHATTS PillleHb y cdepi OXOPOHH 310pOB’sl. AKTYalIbHICTE POOOTH 3yMOBJIEHA CKJIAJHICTIO B3a€MOIIT MK
MaIi€HTaMH Ta CHCTEMOI0 OXOPOHH 370pOB’Sl B yMOBaX HEMOBHOI a00 BHKPHUBICHOI iHpoOpMarii mpo SKiCTh, BApTiCTh Ta KOMQOPT
MEINYHUX MOCIYT.

Marepiaan Ta metoan. O6’€KTOM JOCIIKEHHST BUCTY TN MEMYHI OCIyrH, oTpuMani 600 nawienTamu 3 pisHUME hopMaMu
@I y nepiox 2015-2023 pp. y Mexax II’ITH KJIIHIYHUX MapUIpyTiB, SKi BKIIOYAJH CIeNialli30BaHy Ta BUCOKOCIELiali30BaHy JOIO0-
Mory. MeTomoJIOTi9HO OCHOBOKO JOCIIIKEHHS CTAIO CTPYKTYpPHE MOJeNtoBaHHs piBHAHB (Structural Equation Modeling, SEM) i3
3aCTOCYBaHHSAM JIATCHTHHX 3MiHHHUX: SIKOCTi, KOM(OPTY Ta iHOpMaLiifHOTO UTyMy. AHaIi3 IPOBOAMBCA Y CEPEIOBHII IPOrpaMyBaHHS
R i3 Buxopucranuam nakery «lavaan». OIiHKa aJeKBaTHOCTI MOZENeH 3[iHCHIOBanacs 3a JIOMOMOIO0 Takux iHzaekciB: Root Mean
Square Error of Approximation (RMSEA), Standardized Root Mean Squared Residual (SRMR), Comparative Fit Index (CFI), Non-
Normed Fit Index (Tucker-Lewis Index, TLI) Ta Tecty Satorra-Bentler st kopekiiii Ha HEOTHOPIJHICTb.

PesynsTaTn. SEM-Mozmens nponeMoOHCTpyBajia CTAaTUCTHYHO 3HAYYIi B3a€MO3B 13K MK OCHOBHMMH JIATEHTHUMH 3MiHHUMH:
SKICTIO, KOM(OPTOM, BapTICTIO MEIMYHUX IMOCIYr Ta piBHEM iH(opMmauiiiHoro mymy. J[is maumieHTiB i3 MepCHCTYIOU0I0 (HOPMOIO
¢biOprsLii nepexcepas Oyino BUSBIEHO TICHY KOPEJISIiI0 MiX BapTICTIO IMOCIYT Ta 1X SKICHUMH XapaKTepUCTHKaMU (TeXHIUHa SIKICTh,
Ppe3yIbTaTHBHICTH, POQecioHali3M IepCcoHally), a TaKOK piBHEM KOM(OPTy (IOCTYIHICTh, eMOIiifHa MiITPHMKa, OpraHi3amis mpo-
necy). HatomicTh y mami€eHTiB i3 TpUBAIO MEPCUCTYIOYOIO Ta MOCTIHHOI (JopMaMu mepeBaXkana YyTINBICTh came JI0 SKICHUX Iapa-
METpIB MOCIYT. YCTaHOBIICHO, 110 iHPOPMALIHHHUN IIyM 3HW)KYE CIPUIHATTS SIKOCTI MOCIYT, ajie BOIHOYAC HMO3UTHBHO KOPEIIOE 3
TOTOBHICTIO IUIATHTH BUIILY LiHY, IMOBIpPHO, Yepe3 HEOCTATHIO OpPiEHTALII0 NalieHTa Y HajaHii iHpopmarii. Takox BHSBICHO, 11O
BHIIA KBaJIiiKalis JTiKaps MO3UTHBHO BILUIMBAE HA CIIPUIHHATTS SKOCTI, TOJI SIK 9acTa 3MiHa JTiKapsi Ma€ HETaTHBHUHN BIUTUB Ha BITIYTTSI
koM¢popTy namieHTa. KomdopT nmamieHTa oniHIOBaBCA Yepe3 Taki 3MiHHI, SIK OpraHi3alliiiHa JOCTYIHICTh, eMOIiHA MATPHMKA 3 OOKY
MepCcoHaIy, cTabiIbHICTh KOHTAKTHOI 0co0u (JTikapsi).

[Hdhopmaniiitauit rym, kUil BUMIpIOBaBCsI SIK Cy0’€KTUBHE CIIPUHHATTS HEIOBHOTH, IPOTHPIYUsl YU CKIIAJHOCTI MEUYIHOT iHPOP-
Manii, MaB HETraTHBHHH BIUIMB HAa CHPUHHATTS SKOCTI ITOCIYT, IPOTE, NapaioKCaabHO, IO3UTUBHO KOPETIOBAB i3 BapTICTIO, 110, HMO-
BipHO, CBITYHTH PO HEPALIOHANBHICTH pillleHb MALIIEHTIB y cepenoBuIi iHGopmaniitHoi acumeTpii. OkpiM TOTO, BUABJICHO, IO PIBEHB
kBaidikamii JiKaps JOCTOBIPHO MOKpPAIIY€e CIPHUHATTS AKOCTi, TOAL SIK YacTa 3MiHA JIKaps B MeXaxX KIIHIYHOTO MapLIPYTy 3HIKYE
PiBeHB CY0’€EKTUBHOTO KOM(OPTY.

BucnoBku. OTprMaHi pe3yibTaTH y3roUKYIOThCS 3 TIPHITYIIeHHIMH Mojieni JIpanoBa i CarrepBeiiTa Mpo BIUIMB aCUMETPHYHOL
iHpopMaii Ha QYHKIIOHYBaHHS pUHKY MEAWYHUX TOCIHYT. Y KoHTEeKcTI PII, e BaxkIiBo 3a0e3MeunTH Oe3MepEepBHICTh Ta MEPCOHATI-
30BaHUH MiAXiJ, HAsBHICTH iHOPMAIIHHOTO IIyMy MOXE MPHU3BOIUTH 10 HEe()EKTHBHOTO PO3IOAITY peCypciB, 301UIbIICHHS BUTPAT
Ta 3HWKCHHS 3a70BojieHOCTi nanieHTiB. SEM 1aB 3Mory JetanpHO MpoaHaii3yBaTH B3a€MO3B’SI3KM MK 3MIHHUMHM Ta MiJTBEPAUTH
JOIIJIBHICTS BUKOPUCTAHHS Ii€] MOJIEN y Tasly3i OXOPOHH 37I0pOB’sL.

AnanroBana monens [lpanoBa i CarrepBeliTa moka3ajia BUCOKY €(EKTHBHICT IS aHATi3y PHHKOBOI ITOBENIHKH CHOXKHBAdiB
MEIUYHUX MOCIYT B yMOBax OararodakTopHOro BIuMBY. [lamienTu 3 TshxunMu popmamu OI1, ski MaroTh OUIBIINNA KIIHIYHAN PUBHK,
HaJalo0Th MEPeBary SKOCTI MEAUYHUX MOCIYT, TOAI K y MAI[i€HTIB i3 MEHII TSHKKUMHU (OpMaMU OibII BaKITUBUM BUSIBISIETHCS KOM-
¢dopt. BusHaueHo, 1o 3HWKeHHs iHQOpMaLiHHOIO IIyMy € KITIOUOBUM HAIPSIMOM JUIS ITiABUICHHS €(EKTHBHOCTI CIIO)KUBYMX PillleHb
Ta JIOCSATHEHHS ONTHMAJBHOTO 0aJaHCy MDK BHTPaTaMH, SIKICTIO Ta 3pY4YHICTIO MeIUYHHX Hociyr. SEM-MonemnroBaHHSI BUSBHIIOCS
JOLUTBHIM iHCTPYMEHTOM ISl KUTBKICHOTO aHaJli3y CKJIQJAHUX B3a€EMO3B’S3KiB ¥ cpepi OXOpOHH 300POB’sL.

KurouoBi ciioBa: edexTuBHiCTs MenuuHuX nociyr, GiOpuisiiis nepeacepab, TEOPETHYHA MOIEIb, SKICTh MEAUYHHX MOCIYT,
xoMmopt narienra, SEM, inpopmariiHuii nrym.
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