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Abstract: Introduction and objectives: Adequate anticoagulation control with vitamin K
antagonists (VKAs) in non-valvular atrial fibrillation (NVAF) improves health outcomes.
Knowing how the economic burden depends on the degree of anticoagulation control
may be relevant for decision makers. This study analyses health outcomes and costs in
relation to the degree of control of anticoagulation with VKAs in NVAF in primary care
using real-world data. Methods: The present study analyzes health outcomes and costs
based on Rosendaal’s time in therapeutic range (TTR), considering values of TTR > 70% to
indicate adequate control. It was carried out using data from 2018, from the perspective of
the health system, with a time horizon of 1 year, in 325 Primary Care Centers in Catalonia,
Spain. Results: A total of 42,374 real cases were analyzed, with 46.71% categorized as
receiving adequate anticoagulation control. All costs were higher for poor anticoagulation
control, resulting in EUR 1811.28 per patient for poor anticoagulation control compared
with EUR 1609.25 per patient for adequate anticoagulation control. Adequate TTR control
provided a protective effect in admissions due to cranial hemorrhage events (ORadj = 0.75;
95% CI, 0.60-0.94), gastrointestinal bleeding (ORadj = 0.66; 95% CI, 0.54-0.80), and mortality
(ORadj = 0.65; 95% (I, 0.60-0.70). Conclusions: Adequate anticoagulation control is asso-
ciated with a reduction in cranial hemorrhage event admissions, gastrointestinal bleeding
admissions, and mortality. The cost arising from patients with adequate control was lower
than that for patients with inadequate control. Strategies to improve anticoagulation control
could improve health outcomes and costs.

Keywords: atrial fibrillation; acenocoumarol; warfarin; international normalized ratio;
costs; cost analysis

1. Introduction

Atrial fibrillation, the most common chronic cardiac arrhythmia, affects an estimated
1.5-2.0% people in the general population, its prevalence increasing with advancing age
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(e.g., 16-17% in patients aged >80 years) [1-3]. It is associated with a five-fold higher risk
of stroke and other thromboembolic events, and the prognosis is not different in patients
with symptomatic or asymptomatic atrial fibrillation [1,4,5]. Indeed, strokes associated
with atrial fibrillation are more likely to result in death or disability [4,6]. Therefore, the
morbidity, mortality, and disability resulting from this condition impose a substantial
economic burden on healthcare systems worldwide [1,4,7].

Approximately 85% of atrial fibrillation cases are categorized as non-valvular atrial
fibrillation (NVAF) [1]. They require individualized long-term oral anticoagulation therapy,
mainly involving vitamin K antagonists (VKAs) or direct oral anticoagulants (DOACs) to
prevent cardioembolic complications [3,6].

In 2018, VKAs, such as acenocoumarol and warfarin, continued to be the predom-
inant choice for anticoagulation in Spain [8]. However, the current European guideline
recommends DOACs for NVAF treatment, and the recently published Spanish Therapeutic
Positioning Report has also expanded its indications for DOAC use [9,10]. Nevertheless, a
considerable number of patients worldwide are still treated with VKAs [11,12].

VKA therapy requires frequent international normalized ratio monitoring and dose
adjustments [9]. The degree of anticoagulation control is determined by the time in thera-
peutic range (TTR) over the previous 6 months, calculated using the Rosendaal method [13].
Quality indicators enable the assessment of NVAF care and its outcomes, focusing on
anticoagulation management during each follow-up visit [7]. Currently, the European and
Spanish criteria consider values of TTR > 70% as adequate anticoagulation control [9,10].

A major concern with VKAs is the marked prevalence of poor anticoagulation control,
which ranges between 39.40% and 48.26% in Spain and between 15.30% and 41.10% in
European countries [12,14,15]. Poor anticoagulation control increases the risks of stroke,
the main NVAF-related complication, major bleeding, and all-cause mortality [11].

Several studies in our field have evaluated the high costs of complications linked
to atrial fibrillation from an economic perspective [16]. Additionally, analytical models
have assessed expenses resulting from poor anticoagulation control with VKAs in NVAF
patients [14]. Therefore, considering health outcomes and costs resulting from the treatment
of NVAF with VKAs, according to the degree of anticoagulation control, from a health per-
spective and using real-world data, can yield information of relevance to decision makers.

The aim of this study is to analyze the health outcomes and costs in NVAF patients
treated at Primary Care Centers in Catalonia, using real-world data, in relation to the degree
of anticoagulation control achieved with VKAs.

2. Materials and Methods
2.1. Study Design and Population

This study presents a cost analysis from a healthcare system perspective, focusing
on direct healthcare costs of patients with NVAF. The analysis was conducted specifically
for the year 2018, using a 1-year time frame. Health outcomes were assessed using a
cross-sectional study design. Using the intention-to-treat principle, the analysis compares
health outcomes and costs in relation to the degree of anticoagulation control.

This article reflects part of the framework of the FANTASTIC study, which focuses
exclusively on patients with NVAF attended in the 325 Primary Care Centers of the Catalan
Health Institute in Catalonia.

The target population is composed of patients with NVAF treated with vitamin K
antagonists (VKAs), either acenocoumarol or warfarin, and attended at Primary Care
Centers in Catalonia.

The study included patients who were diagnosed with NVAF at least one year before
1 January 2018, who had received treatment with VKAs for at least 6 months in 2017, and
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who had undergone international normalized ratio monitoring for at least 6 months in
2017 at a Primary Care Centers in Catalonia. Patients were considered to be receiving
anticoagulant treatment with VKAs if they had an active prescription 2 months before and
at the beginning of the study. They were considered to have switched their anticoagulant if
they had received more than 2 months of treatment with DOACs (dabigatran, rivaroxaban,
apixaban, or edoxaban) in 2018. Patients diagnosed with valvular atrial fibrillation, not
receiving anticoagulation treatment, receiving treatment with DOACs at study onset, or
who were pregnant were excluded from the study.

The stratification variable was the quality of anticoagulation, assessed using the
TTR over the previous 6 months, calculated by the Rosendaal method [13]. The TTR
assessments considered INR values from both primary care and hospital settings and were
restricted to patients with at least 6 INR measurements in the last 6 months. The target
population was categorized into two groups according to current European and Spanish
criteria: [9,10] patients with adequate anticoagulation control (TTR > 70%) and patients
with poor anticoagulation control (TTR < 70%).

The outcomes of the study are described below. Health-related events were classified
according to the 10th edition of the International Classification of Diseases.

Primary outcomes included the incidence of admissions due to cranial thromboem-
bolic events (ischemic stroke, transient ischemic attack, and indeterminate stroke), cranial
hemorrhagic events (intracranial hemorrhage, traumatic intracranial hemorrhage, epidu-
ral hemorrhage, subarachnoid hemorrhage, and subdural hemorrhage), gastrointestinal
bleeding, hemorrhages other than those of cranial or gastrointestinal types, and all-cause
mortality. The reasons for admissions related to primary outcomes were obtained from the
principal diagnosis at the time of hospital admission.

Secondary outcomes included all periodic control visits (physician and nurse consul-
tations at the Primary Care Center and use of INR monitoring strips), specialist hospital
outpatient appointments, complementary tests and laboratory analyses, and the prescribed
and billed anticoagulant medication (VKAs: acenocoumarol or warfarin; DOACs: dabi-
gatran, ribaroxaban, apixaban, or edoxaban). The number of patients who switched to
DOAC s by the end of the study was also determined.

The covariates of this study include patient sex and age, the time elapsed since NVAF
diagnosis, cardiovascular, cerebrovascular and hemorrhagic disease, morbidity, the results
of the thromboembolic (CHA2DS2-VASc) [9,10] and hemorrhagic (HAS-BLED) [9,10] risk
score, and whether patients were attended outside of a Primary Care Center (because they
were receiving home healthcare or were institutionalized).

We used the Information System for the Development of Research in Primary Care
(SIDIAP), which contains a wide range of patient data, including demographic, health, and
socioeconomic information. Data collection followed the established protocols in order to
guarantee patient privacy and to comply with data protection legislation [17].

The costs assessed included physician and nurse consultations at the Primary Care
Center, INR monitoring strips, specialist hospital outpatient appointments, complementary
tests related to the disease and its complications, laboratory analyses whose determinations
were related to the disease, complications arising from the disease and their treatment, the
invoiced cost of medications (VKAs and DOACs), and NVAF-related health events (cranial
thromboembolic events, cranial hemorrhages, gastrointestinal bleeding, and all-cause
mortality) (Figure 1).

The health cost analysis was based on 2018 data. All expenses were capitalized
according to the 2018 Spanish annual Consumer Price Index (appraised in euros) published
by the National Institute of Statistics of Spain [18]. This method was applied to expenses
related to physician and nurse consultations, international normalized ratio monitoring
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strips, complementary tests, and analytical determinations. The costs of complementary
and laboratory tests were calculated according to their categories.

= .88
g U

= \ TTR
- @ 0%
Adequate Poor
control control

R - Ras

Figure 1. A real-world data analysis of NVAF population, health outcomes, and costs, categorized
into adequate (TTR > 70%) and poor (TTR < 70%) anticoagulation control. NVAF, non-valvular atrial
fibrillation; TTR, time in therapeutic range.

NVAF-related admission expenses for outcomes, which were classified using the
Diagnosis-Related Group system, were also capitalized.

Pharmacy costs were not included in the capitalization; instead, they reflect the
actual invoiced costs for the Catalan Health Service in 2018, covering the real cost of the
anticoagulant medication (VKAs and DOACs), including patients who switched from
VKAs to DOACs (Table 1).

Table 1. Source and description of variables.

Variable

Description

Source of Information

Cost Source

Temporary
Adjustment

Primary outcomes

Patients admitted to a hospital due

Official Journal of the Spanish annual
Health-related events to NVAF_r.el.ated health outcomes, CMBD-AH Government of Catalonia ~ Consumer Price Index
classified based on the (2012 edition) update
Diagnosis-Related Group system P
Secondary outcomes
Oral anticoagulant . Shared electronic .
prescriptions VKAs or DOACs prescribed medical record (SIDIAP) - Not required
Periodic control visits at Physmmp or nursg consul.tatlons, Shared electronic Official Journal of the. Spanish apnual
Hmary care including used international medical record (SIDIAP) Government of Catalonia ~ Consumer Price Index
P y normalized ratio monitoring strips (2012 edition) update
Specialist hospital Appointments for internal . Official Journal of the Spanish annual
. S . Shared electronic . .
outpatient medicine, cardiology, neurology, medical record (SIDIAP) Government of Catalonia ~ Consumer Price Index
appointments hematology, and rehabilitation (2012 edition) update
.Lfiboratory .and Official Journal of the Spanish annual
. Minimum Basic Data . .
Laboratory tests Laboratory analytical tests . . Government of Catalonia ~ Consumer Price Index
Set—Hospital Discharge (2012 edition) update
(SIDIAP) p
Imaging tests and other Official Journal of the Spanish annual
Complementary tests g CMBD-AH Government of Catalonia ~ Consumer Price Index
procedures .
(2012 edition) update
Invoiced cost of anticoagulant Established public sale
Medication expenditure ~ medication for the Catalan Health Pharmacy invoicing price—Department of Not required

Service

Health
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Table 1. Cont.

Variable Description Source of Information Cost Source Te{nporary
Adjustment
Covariates
. . Shared electronic .

Patient characteristics Age and sex medical record (SIDIAP) - Not required
Morbidity All data were collected from clinical ~ Shared electronic medical )

records classified in accordance with record and Minimum Not required
CHA,DS,-VASC and the International Classification of Core Hospital Discharge
HAD-BLED score Diseases (10th edition) Data Set (SIDIAP)
Patients treated outside ~ Patients receiving home healthcare Shared electronic B Not required
of a PCC or residing in institutions medical record SIDIAP !

CMBD-AH, Minimum Basic Data Set—Acute General Hospitals; DOAC, direct oral anticoagulant; NVAF, non-
valvular atrial fibrillation; PCC, Primary Care Center; SIDIAP, Information System for the Development of the
Primary Care Research database; VKA, vitamin K antagonist.

2.2. Sample Size

The sample comprised 42,374 individuals with NVAF anticoagulated with VKAs and
treated at the primary care system. Of these, 19,791 patients (46.71%) were categorized as
receiving adequate anticoagulation control and 22,583 patients (53.29%) were considered to

have poor anticoagulation control (Figure 2).

Atrial fibrillation (2017)
114211
Not anticoagulated
28720
> Pregnant
A4 26
Valvular atrial fibrillation
Anticoagulated non-valvular atrial 5114
fibrillation (2018)
80351
Non-valvular atrial fibrillation
»| anticoagulated with direct-
A\ acting oral anticoagulants
21128
Non-valvular atrial fibrillation
anticoagulated with vitamin K antagonists
59223
»| Unable to assess the Time in
v Therapeutic Range in 2017
16849
Non-valvular atrial fibrillation
anticoagulated with vitamin K antagonists
42374
A
Stratification variable
Time in Therapeutic Range (TTR)
Adequate anticoagulation Poor anticoagulation
control with vitamin K antagonists control with vitamin K antagonists
(TTR > 70%) (TTR £ 70%)
19791 (46.71%) 22583 (53.29%)
e Health outcomes e Health outcomes
e Healthcare expenses ¢ Healthcare expenses
* Mortality e Mortality

Figure 2. Flow diagram illustrating the selection process of the basal cohort, classification by antico-

agulation control (adequate or poor), follow-up, and analysis.
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The statistical power of the sample was 99.27% in order to be able to conclude statistical
significance for a difference of 0.003 for a rate of 2.13-100 admissions per patient-year due
to cranial thromboembolic events.

2.3. Statistical Analysis

Statistically significant differences between the two groups were sought by performing
Z tests for categorical variables and non-parametric Mann-Whitney U tests for continuous
variables.

The differences in follow-up visits, admissions, and pharmacy results were evaluated
using Mann-Whitney U tests. Cost differences between groups were analyzed using
Hedges’ g to estimate effect sizes (small effect: g < 0.2; large effect: g > 0.8), and 95%
confidence intervals (95% CI) were calculated. The cost difference and its 95% CI were also
calculated.

A logistic regression was then performed to estimate the associations, as the adjusted
odds ratio (ORadj), between patients admitted for cranial thromboembolic events, cranial
hemorrhagic events, gastrointestinal bleeding, and all-cause mortality with other adjust-
ment variables. Furthermore, model diagnostics and multicollinearity assessments were
performed.

All analyses were carried out using R 4.2.2 and IBM SPSS Statistics v20. The threshold
for statistical significance was set at 5%.

2.4. Sensitivity Analysis

A comprehensive sensitivity analysis capitalized all baseline population expenses from
2018 to 2024, using the variation in the Spanish annual Consumer Price Index. Subsequently,
it projected three scenarios for 2025 using different discount rates: 1% for the best-case
scenario, 5% for the worst-case scenario, and a rate based on the Banco de Espafia forecast of
a 2.6% increase in the Spanish annual Consumer Price Index. The analysis evaluated costs
related to follow-up, admissions for health events, and pharmacy invoices to determine the
total expenses of the studied population. Additionally, complementary sensitivity analyses
were performed, incorporating variables like sex and diabetes mellitus.

3. Results

A total of 42,374 patients qualified for the study, 46.71% of whom had adequate
anticoagulation control. The comparisons described below are all of the adequate control
group relative to the poor control group.

In the basal cohort, the adequate control group was characterized by a higher pro-
portion of men, younger age, and a shorter time elapsed since diagnosis. Overall, this
group showed lower prior prevalences of ischemic heart disease, peripheral artery disease,
ischemic and indeterminate stroke, diabetes mellitus, heart failure, kidney failure, digestive
bleeding, a CHADS, VASC, score > 4 score, and a lower proportion of patients treated
outside the Primary Care Center (Table 2).

Concerning follow-up visits, patients with adequate anticoagulation tended to require
fewer consultations at a Primary Care Center with physicians and nurses, to use fewer INR
control strips, and to undergo fewer laboratory and complementary analyses (Table 3).

In terms of admissions related to events of interest, patients with adequate anticoag-
ulation control were less likely to experience admissions due to cranial thromboembolic
events (2.13% vs. 2.46% admissions per stroke per patient per year x 100; p = 0.031), cranial
hemorrhagic events (0.86% vs. 1.18% admissions per cranial hemorrhage per patient per
year x 100; p = 0.006), gastrointestinal bleeding (0.90% vs. 1.49% admissions per gastroin-
testinal bleeding per patient per year x 100; p < 0.001), other hemorrhages (1.27% vs. 1.76%
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admissions per hemorrhages per patient per year x 100; p = 0.006), and all-cause mortality
(5.52% vs. 9.59% deaths per patient per year x 100; p < 0.001) (Table 3).

Table 2. The basal cohort, categorized into poor (TTR < 70%) and adequate (TTR > 70%) anticoagula-
tion control. Significant differences between groups are indicated in bold (p).

Poor Anticoagulation Control Adequate Anticoagulation Control
n (%) n (%) P

Total Sample 22,583 (53.29) 19,791 (46.71)
Patient Characteristics
Female 11,608 (51.40) 9623 (48.62) <0.001
Male 10,975 (48.60) 10,168 (51.38) <0.001
Age, Median (IQR) 81.84 (11.50) 81.25 (11.33) <0.001 *
Time elapsed since NVAF diagnosis, Median (IQR) 6.05 (7.05) 5.95 (6.75) 0.537 *
Cardiovascular disease
Peripheral arterial disease 1755 (7.77) 1229 (6.21) <0.001
Ischemic heart disease 4495 (19.90) 3500 (17.68) <0.001
Cerebrovascular disease
Ischemic stroke 3890 (17.23) 3160 (15.97) 0.001
Indeterminate stroke 408 (1.81) 273 (1.38) <0.001
Intracranial hemorrhage 225 (1.00) 172 (0.87) 0.175
Morbidity
Diabetes mellitus 7971 (35.30) 6065 (30.65) <0.001
Arterial hypertension 18,167 (80.45) 15,835 (80.01) 0.263
Heart failure 3738 (16.55) 2529 (12.78) <0.001
Kidney failure 7458 (33.02) 5712 (28.86) <0.001
Hemorrhagic events
Non-intracranial, non-gastrointestinal hemorrhage 5732 (25.38) 4862 (24.57) 0.053
Gastrointestinal bleeding 1979 (8.76) 1508 (7.62) <0.001
CHA;DS,-VASC score
0 212 (0.94) 172 (0.87) 0.450
1 941 (4.17) 982 (4.96) <0.001
2 3331 (14.75) 3426 (17.31) <0.001
3 7590 (33.61) 7079 (35.77) <0.001
>4 10,509 (46.54) 8132 (41.09) <0.001
HAS-BLED score
0 241 (1.07) 172 (0.87) 0.038
1 3366 (14.91) 2806 (14.18) 0.034
2 7474 (33.10) 6478 (32.73) 0.427
3 6868 (30.41) 6241 (31.53) 0.013
>4 4634 (20.52) 4094 (20.69) 0.673
Patients attended outside of a PCC
Home healthcare 2924 (12.95) 1825 (9.22) <0.001
Institutionalized 1549 (6.86) 855 (4.32) <0.001

p * non-parametric Mann-Whitney U test; IQR, interquartile range; NVAF, non-valvular atrial fibrillation; PCC,
Primary Care Center; TTR, time in therapeutic range; VKAs, vitamin K antagonists.

Patients with adequate control were also more likely to continue VKA treatment
(93.70% vs. 89.87%; p < 0.001) and thereby to exhibit a lower rate of switching to DOACs
(6.30% vs. 10.13% patients; p < 0.001) (Table 3).
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Table 3. Outcomes and costs. TTR > 70% for adequate and TTR < 70% for poor anticoagulation control. All expenses in euros for 2018.
Outcomes of Interest Costs
Poor Adequate . . Adequate
Anticoagulation Anticoagulation Poor Agtllcl(::glulatmn Anticoagulation
Control Control ontro Control
Population 22,583 19,791 22,583 19,791
s 1. . . . Total Cost Total Cost . o , o
Periodic Control Visits n (per Patient) n (per Patient) P (per Patient) (per Patient) Total Difference 95% CI Hedges’ g (1C95%)
Family physician consultations 286,898 (12.70) 226,792 (11.46) <0.001 13,707,986.44 (607) 10,836,121.76 (547.53) 24544,10820  2,871,864.68 2,863,810.02-2,879,919.34 1.975 (1.958-1.991)
Nurse consultations 494,659 (21.90) 407,865 (20.61) <0.001 16,536,450.37 (732.25) 13,634,926.95 (688.95) 30,171,377.32  2,901,523.42 2,892,518.50-2,910,528.34 2.437 (2.419-2.454)
Appointments for hospital 5560 (0.25) 4766 (0.24) 0.353 801,140.40 (35.48) 686,732.94 (34.70) 148787334  114,407.46 112,392.85-116,422.07 0.246 (0.232-0.26)
outpatient specialist services
Used INR test strips 369,546 (16.36) 316,659 (16.00) <0.001 162,600.24 (7.20) 139,329.96 (7.04) 301,930.20 23,270.28 22,362.81-24,177.75 3.262(3.241-3.282)
Laboratory analyses 48,509 (2.15) 36,719 (1.86) <0.001 1,343,751.45 (59.50) 1,045,419.21 (52.82) 2,389,170.66 298,332.24 295,827.27-300,837.21 1.173 (1.158-1.187)
Complementary tests 8231(0.36) 7240 (0.37) 0.034 404,484.49 (17.91) 364,099.46 (18.40) 768,583.95 40,385.03 38,923.92-41,846.14 0.396 (0.383-0.41)
Follow-up costs 32,956,413.39 (1459.35) 26,706,630.28 (1349.43) 59,663,043.67  6,249,783.11 6,237,162.97-6,262,403.25 2.623 (2.605-2.641)
Admissions due to health events
Ischemic stroke 314 (1.39) 253 (1.28) 0.344 1,659,516.24 (73.49) 1,311,180.30 (66.25) 2,970,696.54  348,335.94 345,534-351,137.88 0.129 (0.115-0.142)
Transient ischemic attack 49(0.22) 46 (0.23) 0.995 265,565 (11.76) 235,074.30 (11.88) 500,639.30 30,490.70 29,315.08-31,666.32 0.054 (0.041-0.068)
Indeterminate stroke 192 (0.85) 122 (0.62) 0.017 740,804.98 (32.80) 439,978.89 (22.23) 1,180,783.87  300,826.09 299,167.58-302,484.60 0.1(0.086-0.113)
Total admissions due to cranial 555 (2.46) 421(2.13) 0.031 2,665,886.22 (118.05) 1,986,233.49 (100.36) 4652,11971  679,652.73 676,188.22-683,117.24 0.165 (0.152-0.179)
thromboembolic events
Intracranial hemorrhage 143 (0.63) 101 (0.51) 0.126 1,060,817.04 (46.97) 737,532.62 (37.27) 1,798349.66 32328442 321,162.01-325,406.83 0.08 (0.067-0.094)
Traumatic intracranial hemorrhage 10 (0.04) 8(0.04) 0.847 49,921.88 (2.21) 31,056.05 (1.57) 80,977.93 18,865.83 18,426.68-19,304.98 0.006 (—0.007-0.02)
Epidural hemorrhage 1(0) 0(0) 0.349 4934.14 (0.22) 0(0) 4934.14 —0.08 (—0.093-—0.066)
Subarachnoid hemorrhage 42(0.19) 21(0.11) 0.033 204,331.42 (9.05) 99,263.27 (5.02) 303,594.69 105,068.15 104,269.41-105,866.89 0.042 (0.029-0.056)
Subdural hemorrhage 70(0.31) 41(0.21) 0.032 328,845.88 (14.56) 193,011.92 (9.75) 521,857.80 135,833.96 134,734.55-136,933.37 0.057 (0.044-0.071)
Egﬁtfﬁ;i‘gﬁ:i‘;e to cranial 266 (1.18) 171 (0.86) 0.006 1,648,850.36 (73.01) 1,060,863.86 (53.60) 2,709,71422  587,986.50 585,426.17-590,546.83 0.105 (0.091-0.118)
Gastrointestinal bleeding 336 (1.49) 178 (0.90) <0.001 1,311,200.52 (58.06) 675,707.76 (34.14) 198690828 63549276 633,416.99-637,568.53 0.125 (0.111-0.138)
Other hemorrhages 398 (1.76) 252 (1.27) 0.006 727,217.13 (32.20) 458,460.60 (23.17) 1,185,677.73  268,756.53 267,070.87-270,442.19 0.137 (0.124-0.151)
All-cause mortality 2166 (9.59) 1093 (5.52) <0.001
zgzilgs“zz};gal admissions for health 6,353,154.23 (281.32) 4,181,265.71 (211.27) 10,534,419.94  2,171,888.52 2,166,814.08-2,176,962.96 0.236 (0.223-0.25)
Medications
VKAs 20,296 (89.87) 18,544 (93.70) <0.001 393,757 (17.44) 381,344.42 (19.27) 775,101.42 12,412.58 10,926.25-13,898.91 2179 (2.162-2.196)
Switch to DOACs 2287 (10.13) 1247 (6.30) <0.001 1,200,906.96 (53.18) 579,484.25 (29.28) 1,780,391.21 621,422.71 619,491.98-623,353.44 0.346 (0.332-0.359)
Total medication costs 1,594,663.96 (70.61) 960,828.67 (48.55) 2,555492.63  633,835.29 631,386.94-636,283.64 0.509 (0.496-0.523)
Total costs 40,904,231.58 (1811.28) 31,848,724.66 (1609.25) 72,752,956.24  9,055,506.92 9,041,681.60-9,069,332.24 1.428 (1.413-1.443)

CI, confidence interval; DOACs, direct oral anticoagulants; INR, international normalized ratio; TTR, time in therapeutic range; VKAs, vitamin K antagonists. p from Mann-Whitney U
test. Hedges’ g for effect size
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Age

Time elapsed since NVAF diagnosis

Male sex

Peripheral arterial disease
Ischemic stroke
Indeterminate stroke
Intracranial hemorrhage
Heart failure

Cardiac ischemic disease
Diabetes mellitus
Arterial hypertension
Kidney failure

Other hemorrhages
Gastrointestinal bleeding
Home healthcare
Institutionalized
Adequate TTR control

Age

Time elapsed since NVAF diagnosis

Male sex

Peripheral arterial disease
Ischemic stroke
Indeterminate stroke
Intracranial hemorrhage
Heart failure

Cardiac ischemic disease
Diabetes mellitus
Arterial hypertension
Kidney failure

Other hemorrhages
Gastrointestinal bleeding
Home healthcare
Institutionalized
Adequate TTR control

All types of expenses appraised for the population with adequate anticoagulation
control were lower: follow-up (EUR 1349.43 vs. EUR 1459.35 per patient, large effect size),
admissions for health events (EUR 211.27 vs. EUR 281.32 per patient, low—moderate effect
size), and pharmacy-invoiced costs (EUR 48.55 vs. EUR 70.61 per patient, moderate effect
size). The total overall cost difference between the two groups was EUR 9,055,506.92 (95%
CI: 9,041,681.60-9,069,332.24), with an average difference of EUR 202.03 per patient (large
effect size) (Table 3).

Adequate TTR control did not provide a protective effect on patients admitted for
cranial thromboembolic events (ORadj =0.92; 95% CI = 0.80-1.07; p = 0.266). However, there
was a protective effect on patients admitted for cranial hemorrhagic events (OR,qj = 0.75;
95% CI = 0.60-0.94; p = 0.012), gastrointestinal bleeding (OR,g4; = 0.66; 95% CI = 0.54-0.80;
p < 0.001), and all-cause mortality (OR,q; = 0.65; 95% CI = 0.60-0.70; p < 0.001) (Figure 3).
Model diagnostics are available in Table S1 (Supplementary Materials). The Variance
Inflation Factor was less than 5 in all the cases; therefore, multicollinearity was not present
(Table S2, Supplementary Materials).

Patients admitted for cranial thromboembolic events Patients admitted for cranial hemorrhagic events

ORadj  95%cl P oty 1 pobany  ORadi  95%cl P oty 1 crvbanit

1.03 (1.02-1.04) <0.001 . 1.05 (1.03-1.06) <0.001 *

1.01 (1.00-1.03) 0.039 3 1.01 (0.99-1.03) 0.579 3

0.83 (0.83-1.62) 0.674 - 1.06 (0.84-1.33) 0.623 -

1.27 (0.99-1.62) 0.057 —— 1.20 (0.82-1.77) 0.346 —_—

248 (2.13-2.89) <0.001 el 1.49 (1.15-1.92) 0.003 —

1.76 (1.20-2.58) 0.004 — 0.78 (0.32-1.90) 0.583 —_—

1.03 (0.53-2.01) 0.933 —— 3.45 (1.87-6.37) <0.001 ——

1.19 (0.98-1.43) 0.074 ina 1.05 (0.78-1.40) 0.755 o

1.05 (0.88-1.26) 0.564 - 1.04 (0.80-1.37) 0.759 -p—

139  (1.20-1.62) <0.001 -~ 115  (0.92-1.45) 0.223 ™

1.10 (0.90-1.34) 0.359 T 0.95 (0.72-1.27) 0.739 -

0.95 (0.81-1.11) 0.514 -t 1.05 (0.83-1.33) 0.683 -

1.09 (0.92-1.28) 0.329 1 1.16 (0.91-1.48) 0.242 ™

0.84 (0.64-1.10) 0.209 = 0.75 (0.49-1.16) 0.197 T

1.18 (0.97-1.44) 0.106 [ 0.98 (0.71-1.35) 0.902 .

1.30 (1.02-1.66) 0.036 [+ 0.65 (0.40-1.05) 0.079 |

092 (0.80-1.07) 0.266 na 0.75 (0.60-0.94) 0.012 i
Patients admitted for gastrointestinal bleeding All-cause mortality

ORadj  95%Cl P robabiiy 1 pabiny  OR3d 9% P prababiity 1 bty

1.02 (1.01-1.03) 0.002 . 1.08 (1.08-1.09) <0.001 .

1.02 (1.01-1.04) 0.006 . 1.01 (1.00-1.02) 0.031 .

1.07 (0.88-1.31) 0.500 N 1.49 (1.37-1.61) <0.001 -

1.32 (0.96-1.81) 0.089 —— 143 (1.27 -1.62) <0.001 -

1.16 (0.92-1.48) 0.218 X 1:21 (1.11-1.33) <0.001 +

0.47 (0.17-1.27) 0.138 —_— 112 (0.87-1.45) 0.389 -

1.04 (0.43-2.55) 0.925 —_— 1.07 (0.76-1.51) 0.703 —_

1.57 (1.25-1.97) <0.001 — 1.70 (1.56-1.86) <0.001 -

1.06 (0.84-1.34) 0.614 - 122 (1.12-1.34) <0.001 L

125 (1.02-1.52) 0.032 130 (1.20-1.41) <0.001 +

1.01 (0.78-1.31) 0.951 —_ 0.98 (0.89-1.09) 0.720 +

1.49 (1.22-1.82) <0.001 - 134 (1.24-1.45) <0.001 -

1.22 (0.99-1.51) 0.062 b 1.09 (1.00-1.19) 0.057 -

2.75 (2.17-3.49) <0.001 - 0.94 (0.82-1.08) 0.398 -

1.06  (0.81-1.40) 0.676 —— 225 (2.05-2.46) <0.001 +

1.19 (0.84-1.68) 0.331 —— 2.85 (2.56-3.17) <0.001 -

0.66 (0.54-0.80) <0.001 —— 0.65 (0.60-0.70) <0.001 *

Figure 3. Logistic regression to study the association between patients admitted for cranial throm-
boembolic events, cranial hemorrhagic events, gastrointestinal bleeding and all-cause mortality with
other adjustment variables, to estimate the adjusted odds ratio of adequate TTR control.

Sensitivity Analysis
Total expenses related to NVAF patients treated with VKAs, including follow-up visits,
admissions for health events, and pharmacy-invoiced costs, amounted to EUR 72,752,956.24

in 2018. When capitalized using the Spanish annual Consumer Price Index for each year
until 2024, they were appraised at EUR 88,352,181.52.
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For 2025, these costs were updated based on predictions for the best and worst scenarios,
giving values of EUR 89,235,703.34 and EUR 92,769,790.60 for discount rates of 1% and 5%,
respectively. Additionally, based on the Banco de Espafia forecast of a 2.6% increase in the
Spanish annual Consumer Price Index, the expenses amounted to EUR 90,649,338.24 (Table 4).

Table 4. All expenses for 2018 and their subsequent capitalization to 2024 using the annual Consumer
Price Index variation. An update for 2025 with predictions under three scenarios with discount rates
of 1%, 2.6%, and 5% is also included.

Year 2018 2024 2025

Consumer Price Index 1% 2.6% 5%
Population: 42,374

Periodic Control Visits Total Cost (EUR) Total Cost (EUR) Total Cost (EUR) Total Cost (EUR) Total Cost (EUR)
Family physician consultations 24,544,108.20 29,806,699.48 30,104,766.48 30,581,673.67 31,297,034.46
Nurse consultations 30,171,377.32 36,640,531.79 37,006,937.11 37,593,185.61 38,472,558.38
Appointments for hospital outpatient 1,487,873.34 1,806,893.66 1,824,962.60 1,853,872.90 1,897,238.34
specialist services

Used INR test strips 301,930.20 366,668.15 370,334.83 376,201.52 385,001.56
Laboratory analyses 2,389,170.66 2,901,441.41 2,930,455.82 2,976,878.89 3,046,513.48
Complementary tests 768,583.95 933,378.82 942,712.61 957,646.67 980,047.76
Follow-up costs 59,663,043.67 72,455,613.31 73,180,169.44 74,339,459.26 76,078,393.98
Admissions due to health events

Ischemic stroke 2,970,696.54 3,607,654.36 3,643,730.91 3,701,453.38 3,788,037.08
Transient ischemic attack 500,639.30 607,983.19 614,063.02 623,790.75 638,382.35
Indeterminate stroke 1,180,783.87 1,433,960.02 1,448,299.62 1,471,242.98 1,505,658.02
Intracranial hemorrhage 1,798349.66 2,183,940.33 2,205,779.74 2,240,722.78 2,293,137.35
Traumatic intracranial hemorrhage 80,977.93 98,340.70 99,324.11 100,897.56 103,257.74
Epidural hemorrhage 4934.14 5992.09 6052.01 6147.88 6291.69
Subarachnoid hemorrhage 303,594.69 368,689.53 372,376.42 378,275.46 387,124.01
Subdural hemorrhage 521,857.80 633,751.22 640,088.74 650,228.76 665,438.79
Gastrointestinal bleeding 1,986,908.28 2,412,928.49 2,437,057.78 2,475,664.63 2,533,574.92
Other hemorrhages 1,185,677.73 1,439,903.19 1,454,302.23 1,477,340.68 1,511,898.35
Total admission for health events costs 10,534,419.94 12,793,143.14 12,921,074.57 13,125,764.86 13,432,800.29
Medications

VKAs 775,101.42 941,293.73 950,706.66 965,767.36 988,358.41
DOACs 1,780,391.21 2,162,131.35 2,183,752.66 2,218,346.76 2,270,237.92
Total medication costs 2,555,492.63 3,103,425.08 3,134,459.33 3,184,114.13 3,258,596.33
Total costs 72,752,956.24 88,352,181.52 89,235,703.34 90,649,338.24 92,769,790.60

DOAUCs, direct oral anticoagulants; INR, international normalized ratio; TTR, time in therapeutic range; VKAs,
vitamin K antagonists.

The sensitivity analysis stratified by sex and anticoagulation control revealed that the
cost per patient for women was higher compared to the total cost per patient, regardless of
whether anticoagulation control was poor or adequate (Table 53, Supplementary Materials).
Similarly, the sensitivity analysis stratified by diabetes mellitus and anticoagulation control
showed that the cost per patient for diabetic patients was higher compared to the total cost
per patient, regardless of whether anticoagulation control was poor or adequate (Table 54,
Supplementary Materials).

4. Discussion

The present study focused on anticoagulation control in NVAF patients, following the
current criterion of a value of TTR > 70% to represent adequate anticoagulation control set
out by Spain and the rest of Europe [9,10]. Adequate anticoagulation control was associated
with a reduction in the likelihood of admission due to cranial hemorrhagic events and
gastrointestinal bleeding and of mortality. The assessment revealed a reduction in costs for
adequate anticoagulation control concerning follow-up visits, admissions for health events,
and pharmacy-invoiced costs.

Using real-world clinical data, our study showed that 53.29% of the population had
poor anticoagulation control (TTR < 70%) in 2018. In other studies of our environment,
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adequate control, defined as TTR > 65%, was reported in 39.40% and 57.20% of the
population [14,15].

Current guidelines recommend DOACs over VKAs, and recent research supports
expanding their use [9,19,20]. By the end of this study, the number of patients who switched
to DOACs was determined. Specifically, patients with adequate control exhibited a lower
rate of switching to DOACs and tended to remain on VKA treatment.

Costs were higher for the poor anticoagulation control group. The higher amount was
attributed to follow-up visits, while expenses related to admissions for cranial thromboem-
bolic events and cranial hemorrhagic events and treatments were lower.

The cost difference due to anticoagulation control was EUR 9.06 million, resulting in an
overrun of EUR 202.03 per patient, for a total of EUR 72.75 million. Considering specifically
the 22,583 patients with poor anticoagulation control, the overrun amounts to EUR 4.56
million, an expense that could be avoided by improving anticoagulation management.

In 2025, for an NVAF population of 42,374 individuals, the total cost is projected to be
EUR 90.65 million. It is up to decision makers to interpret the magnitude of this expense
and prioritize actions to improve anticoagulation management with VKAs.

A rise in the incidence of atrial fibrillation is anticipated over the coming decades [9].
Projections indicate that by 2030, 14-17 million patients will have this disease in the
European Union and that 120,000-215,000 new cases will be diagnosed annually [3]. These
estimates draw attention to the pressing need to adopt more suitable and productive
measures for improving the quality of anticoagulation control [14].

When considering expenses related to NVAF across the whole of Spain, the national
annual estimate for 2021 amounted to EUR 638.26 million. It was suggested that achieving
adequate anticoagulation control could have saved EUR 107.90 million: EUR 79.20 million
in follow-up visits and EUR 28.70 million for health events [14,16,18]. If these estimates
provide a reasonable indication, the investments of the Catalan Health Service in the NVAF
population treated with VKAs in 2018 could have been EUR 4.56 million less, which could
have resulted in a savings of 6.27% of the total disbursement.

The sensitivity analysis also showed that costs related to follow-up and medication,
including DOAC consumption, were higher in women, as evidenced in other articles [21].
In contrast, costs related to resources assigned by physicians, such as laboratory analyses,
complementary tests, and admissions, were lower in women [22]. Regarding diabetes
mellitus, there was an excess of costs related to the disease, similar to findings from other
studies [23].

The economic data obtained represent costs of NVAF until admissions for stroke or
hemorrhage. However, the data do not represent the total costs because they exclude costs
incurred after admissions and omit indirect and social costs. The Spanish National Health
System does not cover work incapacity and dependent care. Therefore, to understand
the gap between healthcare and social perspectives, some studies estimated the costs
related to incapacity and caregiving. The average annual non-healthcare expenses for
strokes are EUR 18,643 per patient, driven largely by informal care (EUR 1109 million)
and social care (EUR 133 million) [16,24]. Specifically for NVAF, the annual social costs for
poor and adequate control were estimated at EUR 201.18 million and EUR 125.44 million,
respectively [14].

The Spanish healthcare system is universal in terms of 100% medical coverage for those
over 65 years of age and in terms of home care services for anticoagulation monitoring. This
broad coverage ensures that patients throughout the country, regardless of their location or
mobility, can receive necessary medical care, treatment, and follow-up.

Regarding health outcomes, admissions due to cranial thromboembolic events were
not associated with adequate TTR control, as observed in recent European studies, which
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only detected an increase in hemorrhagic complications [25]. In contrast, adequate TTR
control had a protective effect against cranial hemorrhagic events, digestive bleeding,
and mortality.

Another factor associated with these outcomes was increased age. For cranial hemor-
rhagic events, previous ischemic strokes or intracranial hemorrhages increased the risk of
admission. For digestive bleeding, history of digestive bleeding was the major risk factor,
along with other comorbidities and disease progression time. All-cause mortality was asso-
ciated with several risk factors and comorbidities, with institutionalization being the major
risk. European studies evaluating thromboembolic and hemorrhagic events, using values
of TTR > 70% to indicate adequate control, have also shown that poor anticoagulation
control increased hemorrhagic risk but not thromboembolic or mortality risk [25].

Strengths and Limitations

The main strength of this study is using real-world clinical data. This allowed us to
gain insights into outcomes as they occurred naturally. Other strengths include the genuine
reflection of medication expenses by pharmacy invoicing and the meticulous examination of
all outcome and cost differences, reinforcing our confidence in the results. Additionally, we
carefully considered the potential limitations. Being able to attribute observed differences
with great confidence to the quality of anticoagulation control management enhances the
reliability of our findings.

The main limitation lies in the assessment of the sample, which is at the popula-
tion level. This can detect differences that may not be clinically relevant. However, this
drawback is addressed by adjusting the logistic regression for variables that differ in the
baseline cohort.

Another limitation is that mortality cannot be economically appraised from a health-
care perspective, and outcome costs were only evaluated up to the point of admission,
without considering indirect and social costs.

It was not possible to obtain data on medication adherence or the socioeconomic status
of the patients.

However, given the results obtained, we reaffirm the necessity of achieving adequate
control to improve health outcomes in order to reduce costs.

We believe that the results of this study could be extrapolated to the entire Spanish
National Health System and probably to other European regions that, like Spain, have
predominantly public healthcare systems. While we believe the health results are relatively
easy to extrapolate, we recognize that the economic results will be more specific to each
national territory.

Given all the observations, we advocate for a more in-depth investigation in this
area using real-world data to enhance the management of anticoagulation control. Future
research endeavors should strive for a deeper and more comprehensive understanding of
the field and explore whether adjusting the threshold for adequate anticoagulation control
would contribute to a reduction in outcomes and costs. The use of innovative tools to
improve anticoagulation control would be of great benefit in this field.

5. Conclusions

Adequate anticoagulation control was associated with a reduction in admissions for
hemorrhagic cranial events, digestive bleeding, and mortality. Expenses arising from
patients with adequate anticoagulation control were also lower. Implementing strategies
for improving the management of anticoagulation control should improve health outcomes
and reduce costs.
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Therefore, we advocate for the importance of adopting more suitable strategies to
enhance the quality of anticoagulation management. We emphasize the need to continue
contributing to this area in future research for the purpose of effectively improving NVAF-
related outcomes and reducing costs.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm14030998 /s1. Table S1: Model diagnostics. Table S2: Multi-
collinearity. Table S3: Sensitivity analysis by VKA control and sex. Table S4: Sensitivity analysis by
VKA control and diabetes.
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