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Abstract
Background  The cost burden of new-onset atrial fibrillation (AF) has not previously been studied with unselected nation-
wide data.
Objective  We analyzed differences in the distribution and time course of costs from all categories of healthcare services 
in patients receiving direct oral anticoagulants (DOACs), warfarin, or no anticoagulation during the first year following 
diagnosis of AF.
Methods  This sub-study of the Finnish AntiCoagulation in Atrial Fibrillation (FinACAF) project comprised all new-onset 
AF patients from 2011 to 2017 in Finland with an indication for oral anticoagulation treatment. The registry data included 
information on primary and secondary care services as well as social care services, drug purchases, laboratory data, and 
reimbursed private care and travel services. We report inverse probability of treatment weighted average costs for different 
pharmaceutical groups with bootstrapped confidence intervals.
Results  In total, 130,745 patients (66,610 on warfarin, 32,996 on DOACs) were included. Weighted first-year costs after 
onset of AF were €11,364 for rivaroxaban (n = 13,230), €12,642 for apixaban (n = 11,886), €11,403 for dabigatran (n = 
7514), and €10,752 for edoxaban (n = 366). Costs were clustered near the diagnosis of AF. Costs for warfarin patients were 
inversely related to the quality of anticoagulation therapy. Average first-year costs for warfarin patients were €15,860, higher 
than for patients on DOACs by €3218–€5108. Patients without any oral anticoagulation had the highest first-year costs, 
€17,682. Patients with high risk of stroke had higher total costs, both in patients using DOACs and warfarin.
Conclusions  DOACs had lower total costs than warfarin despite higher drug expenses. Patients without any oral anticoagu-
lation had the highest costs.
ClinicalTrials Identifier  NCT04645537.
ENCePP Identifier  EUPAS29845.
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Key Points 

Patients with new-onset atrial fibrillation (AF) receiv-
ing direct oral anticoagulants (DOACs) have lower total 
costs of care than patients receiving warfarin.

Total social and healthcare costs during the first year of 
AF are €10,752–€12,642 for patients receiving different 
DOACs and €15,860 for patients receiving warfarin.

Low time in therapeutic range is associated with the 
highest costs of care in new-onset AF patients receiving 
warfarin.

1  Introduction

Atrial fibrillation (AF) is the most common sustained arryth-
mia, estimated to affect 5.2% of the adult population [1]. 
Along with aging populations, both the prevalence of AF 
patients and associated healthcare costs are predicted to 
increase. For instance, evidence from the UK suggests that 
direct costs of AF will more than double by the year 2040 
[2]. AF is often associated with other comorbidities, and the 
patients typically use a wide range of healthcare services. 
AF is a major risk factor for stroke, the prevention of which 
necessitates continuous oral anticoagulation (OAC) therapy.

Previously, the only options for OAC were vitamin K 
antagonists (of which warfarin is the most used), which are 
cheap but require regular monitoring in the form of inter-
national normalized ratio (INR) measurements. Recently, 
warfarin has been mostly replaced with newer direct oral 
anticoagulants (DOACs) apixaban, dabigatran, edoxaban, 
and rivaroxaban, which are more costly but do not neces-
sitate INR monitoring. Patients using DOACs also have a 
lower risk of stroke or bleeding than patients on warfarin 
[3]. Since the use of DOACs became widespread relatively 
recently, there is still scarce research on their impact on 
health service usage and care costs.

According to a recent systematic review, the first-year 
costs after a new-onset AF have not been comprehensively 
studied with non-selected nationwide registry data [4], 
although some of the related matters, such as the effect 
of delayed OAC prescription on the costs of incident AF 
patients has been studied since [5]. Social and healthcare 
costs of prevalent AF patients (without attention to a time 
point of AF incidence) were recently studied in a nation-
wide register study in Finland [6]. Additionally simulations, 
in majority Markov chain analyses, have been performed, 
based on selected data from randomized controlled trials 

(e.g., ARISTOTLE, AVERROES, RE-LY, ROCKET AF) 
[7–11]. Simulations often make extrapolations based on lim-
ited data and might not fully reflect the differences between 
OACs on healthcare costs and service use in a real-life envi-
ronment. To our knowledge, this is the first study to give a 
real-world data-based estimation of incident cost burden of 
new-onset AF patients. Analysis of new-onset AF is espe-
cially relevant when comparing the cost burden of different 
anticoagulation therapies, as decisions on starting an OAC 
therapy are typically done at the time of incidence of AF.

In this study, we utilize comprehensive real-world data 
to compare all the social and healthcare costs of Finnish 
patients with AF using different OACs in the first year 
after AF onset. We employ inverse probability of treatment 
weighting to mitigate the selection bias inherent in registry-
based studies. We also analyze how the costs are distributed 
between different sectors of services and how they develop 
in time both before and after diagnosis of AF.

2 � Data and Methods

2.1 � Research Data and Variables

The Finnish AntiCoagulation in Atrial Fibrillation (Fin-
ACAF) study is a nationwide register study that covers all 
patients with AF during 2004 to 2018 in Finland. The pre-
sent sub-study is focused on patients with new-onset AF 
during the years 2011–2017, to ensure that each patient has 
sufficient history data and 1 year of follow-up data after the 
cohort entry. FinACAF links individual-level data from 
comprehensive national registers on patients’ primary, sec-
ondary, and tertiary care and social care services, as well 
as laboratory measurements, mortality, and socioeconomic 
status. A comprehensive list of used registers and acquired 
data is presented in the electronic supplementary material 
(Table S1). The study rationale and design have been previ-
ously reported [1].

Patients were identified based on all nationwide health-
care registers: Care Register for Health Care (Terveys-
Hilmo) for hospitalizations and outpatient specialist visits; 
Register of Primary Health Care Visits (AvoHilmo) for 
primary healthcare; and National Reimbursement Register 
upheld by Social Insurance Institute (Kela). The inclusion 
criterion was an International Classification of Diseases, 
10th Revision (ICD-10) code I48 in these registries during 
the study period, with the first of these diagnoses marking 
the time of cohort entry.

The cohort of this sub-study excluded patients if they 
were under 20 years old during cohort entry, moved perma-
nently abroad during the study period, had any use of OAC 
medication 365 days before the cohort entry, had warfarin 
prescriptions during 2004–2006, or were diagnosed with AF 
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before 2011 or after 2017. Patients with a CHA2DS2-VA 
(congestive heart failure, hypertension, age over 75, diabe-
tes, prior stroke or TIA or thromboembolism, 65 vascular 
disease, age to 74) score of 0 were also excluded from all 
analyses due to anticoagulation treatment not being recom-
mended in these patients [12]. The flow-chart of the selec-
tion of the study population is presented in Fig. 1.

Employing an intention-to-treat approach, the study 
patients were grouped, based on the OAC regimen they 
started, into groups of warfarin, dabigatran, rivaroxaban, and 
apixaban users. The DOAC users were further divided into 
those receiving standard-dose (150 mg for dabigatran, 20 mg 
for rivaroxaban, 5 mg for apixaban, and 60 mg for edoxaban) 
and low-dose treatment (110 mg for dabigatran, 15 mg for 
rivaroxaban, 2.5 mg for apixaban, and 30 mg for edoxaban).

Individual time in therapeutic range (TTR) values 
were calculated for the warfarin patients for a time period 

determined by the drug exposure. The TTR period began 7 
days after the first purchase that had an INR measurement 
within 30 days prior. The period ended 60 days after the 
last INR measurement if no new measurements were made 
in that period and also when 180 days passed from the last 
warfarin purchase if no new purchases were made. The TTR 
period was also terminated upon the purchase of any DOAC, 
when 730 days had passed from the start or at the end of the 
study period on December 31st, 2018. The TTR was then 
calculated with the Rosendaal method [13] as the percentage 
of time the interpolated INR value was between 2.0 and 3.0. 
The TTR was calculated for patients who had three or more 
INR measurements in the TTR period, and these patients 
were divided into quartiles based on estimated TTR.

The five components of cost analysis included (1) second-
ary and tertiary care services, including hospital outpatient 
care episodes, inpatient care episodes at hospital and health 

Fig. 1   Patient selection flow-
chart of the study. CHA2DS2-
VA Congestive heart failure, 
Hypertension, Age over 75, 
Diabetes, Prior stroke or TIA 
or thromboembolism, Vascular 
disease, Age 65 to 74, FinACAF 
Finnish AntiCoagulation in 
Atrial Fibrillation, ICD-10 
International Classification of 
Diseases 10th revision, OAC 
oral anticoagulation, TIA tran-
sient ischemic attack

ICD-10 diagnosiscode I48 inany o�he used
registries1.1.2004-31.12.2018

N=411,387

Under 20 years old at cohort entry
N=586

-4002.1.1gnirudesunirafraW
31.12.2006
N=97,559

Permanent migra�on abroad before
1.1.2019
N=703

Pa�ents included
N=410,102

FinACAF incidence cohort
N=229,565

Cohort entry before 1.1.2007
N=105,385

Any OAC use 365 days before cohort
entry

N=100,998

Excluded:
if under20 years old

and/or
if permanentmigra�onabroad

before1.1.2019

N=1,285

Excluded:
if cohortentrybefore1.1.2007

and/or
if warfarinuse during1.1.2004-

31.12.2006
and/or

if any OAC use 365 days before
cohortentry

N=180,537

Cohort entry before 1.1.2011
N=65,510

Cohort entry a�er 31.12.2017
N=22,656

Excluded:
if cohortentrybefore1.1.2011

and/or
if cohortentrya�er 31.12.2017

N=88,166

CHA2DS2VA score of 0
N=10,654

Incidentpa�ents
N= 141,399

Incidentcohor�or analyses
N=130,745
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center wards, and emergency department visits, as recorded 
in the Terveys-Hilmo register; (2) primary healthcare outpa-
tient care episodes, including visits for INR measurements, 
registered in AvoHilmo; (3) long-term social care service 
episodes registered in Care Register for Social Welfare 
(SosiaaliHILMO), including service housing facilities for 
older people with on-call or 24/7 nurse availability, institu-
tional elderly care facilities, and, to a marginal extent, liv-
ing facilities and institutional care for disabled people and 
mental health rehabilitation; (4) prescription drug purchases; 
and (5) reimbursed travel costs to public or private care or 
rehabilitation facilities, and reimbursed out-of-pocket costs 
for care services in a private setting given due to illness, 
pregnancy, or childbirth, and excluding occupational care 
services.

The costs of care events were calculated using diagnoses 
related to the patient grouping and national standard rates. 
The costs for hospitalizations and outpatient hospital vis-
its, recorded in Terveys-Hilmo, were based on the Nord-
DRG (diagnosis-related group) patient grouping definitions, 
which use the ICD-10 codes and the Finnish version of the 
Nordic Classification of Surgical Procedures (NCSP) codes 
for diagnostic and treatment procedures. The cost weights 
for DRG-based hospital discharges and outpatient hospital 
visits were calculated using large national samples of indi-
vidual-level cost accounting data from Finnish hospitals by 
the national authorities. Services (e.g., surgeries, ward stay) 
produced in hospital service units had their costs allocated 
to the patients’ hospital episode using the causality princi-
ple. Costs from administration were allocated according to 
the reciprocal method. Primary care contacts were costed 
based on both the type of provider (general practitioner 
[GP], nurse, other healthcare professionals) and the mode 
of delivery (online, in-person, or home visit). Each primary 
care contact type was priced according to the national price 
list for unit costs [14].

The per diem cost estimates for long-term social care ser-
vices were derived from the national standard price lists for 
unit costs of healthcare services in Finland and used with 
the individually calculated length-of-stay data. Prescription 
drug purchase and private care and travel reimbursement 
information was provided by Kela.

2.2 � Ethical Considerations

The study at hand only included previously collected regis-
try information, and thus the patients were not contacted at 
any point. The data were pseudonymized, and the patients 
could therefore not be directly identified. The ethical permis-
sion was permitted by the ethical committee of the Medi-
cal Faculty of Helsinki University, Helsinki Finland (nr. 
15/2017 and 15/2024), and the study obtained permission 

from the Helsinki University Hospital (HUS/46/2018 and 
HUS/217/2024).

2.3 � Statistical Methods

In order to estimate the effect of the treatment, an inverse-
probability-of-treatment weighting (IPTW) was applied to 
the patient groups on different OACs and patients not on 
OAC. IPTW can mitigate the confounding caused by indica-
tion of treatment in situations with several treatment alter-
natives [15, 16]. The weighting used a generalized boosted 
model with 10,000 regression trees [17]. Covariates used 
for the weighting were age, sex, CHA2DS2-VA score, modi-
fied HAS-BLED (Hypertension, Abnormal renal and liver 
function, Stroke, Bleeding, Labile INR, Elderly, Drugs or 
alcohol) score, and categorical variables for ischemic stroke 
(IS) or transient ischemic attack (TIA), vascular disease, 
hypertension, diabetes, or cancer before AF onset.

Healthcare costs are reported as the IPTW-weighted aver-
age cost per person over the year before and 1 year following 
the cohort entry, marked by the first AF diagnosis. Costs 
for hospital care, primary care, social care, and medication 
are also reported separately, categorized according to the 
registry source. Confidence intervals for the means were cal-
culated using a bootstrap method with 1000 samples. More 
detailed information on healthcare costs during the year fol-
lowing the first AF diagnosis are provided, including the 
separated costs for hospital outpatient care visits, hospital 
ward treatment, health center ward treatment, emergency 
department visits, home care services, and other primary 
care services, as well as costs for OAC and other medication 
(see the electronic supplementary material, Table S3).

The temporal distribution of total social and healthcare 
costs, including hospital care, primary care, drug pur-
chases, and social care services, surrounding AF diagno-
sis are reported on a monthly basis, both before and after 
the cohort entry. The costs of extended care periods were 
divided evenly over their duration for the purpose of deter-
mining monthly costs. Private care and travel costs were 
not allocated, as the annual level data were not conducive to 
monthly level analysis.

Health and social care costs were compared between 
patients receiving different OACs, as well as patients who 
did not receive any OAC during the study period. Within 
warfarin users, the costs were compared according to TTR 
quartiles as well as patients for whom TTR was not pos-
sible to define due to lack of sufficient INR measurements. 
To assess the cost differences between the high-risk and 
low-risk patients, we compared the costs of patients with a 
CHA2DS2-VA score of 1 against patients with a score of 2 or 
more across both different OACs and TTR quartiles of war-
farin patients. In the electronic supplementary material, we 
compared patients on standard doses of DOACs (dabigatran 
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150 mg, rivaroxaban 20 mg, apixaban 5 mg, and edoxaban 
60 mg) against warfarin patients, and patients on low-dose 
DOACs (dabigatran 110 mg, rivaroxaban 15 mg, apixaban 
2.5 mg, and edoxaban 30 mg) against warfarin patients.

To assess the effect of the IPTW on the costs, we com-
pared the average total costs of each medication category 
with and without the weighting (included in the elec-
tronic supplementary material). We also include the raw, 
unweighted 1-year costs by cost category for each medica-
tion group in the supplement.

The statistical analyses were conducted using R version 
4.3.2, and with the IBM SPSS Statistics software (Version 
27.0, SPSS, Inc., Armonk, NY). The figures were created 
using the ggplot2 library in R version 4.3.2 and Excel.

3 � Results

Between 2011 and 2017, we identified 141,399 patients 
with newly diagnosed AF. After removing patients with 
a CHA2DS2-VA score of 0, the number of patients was 
130,745, of which 66,610 received warfarin, 7514 dabi-
gatran, 13,230 rivaroxaban, 11,886 apixaban, 366 edoxaban, 
and 31,139 received no OAC during the study period, with 
average social and healthcare costs of €15,103 in the year 
following AF onset.

A TTR value was determined for 41,535 (62.4%) of the 
warfarin patients, with a mean TTR of 66.4%. The average 
TTR (range) in the TTR quartiles was 33% (0–56.1%) for 
the lowest quartile, 65.0% (56.1–71.9%) for the second quar-
tile, 77.4% (71.9–82.7%) for the third quartile, and 89.8% 
(82.7–100%) for the highest quartile.

The average age was 74.8 years, and 51.8% of patients 
were female (Table 1). The most common comorbidities 
were hypertension (82.2%), hyperlipidemia (54.1%), and 
vascular disease (29%). Differences between patients receiv-
ing different OACs and warfarin patients with different TTR 
levels were minor. After applying IPTW, the baseline char-
acteristics are mostly similar between patients receiving dif-
ferent OAC medications (supplementary Table S2; see the 
electronic supplementary material). Some comorbidities, 
such as dementia and congestive heart failure, are still more 
highly represented in patients with no OAC medication in 
the weighted population.

Cumulative monthly total healthcare costs from a year 
before AF diagnosis to a year after, calculated with IPTW, 
are presented in Fig. 2. The average cumulative costs for the 
whole 2-year period were €15,395 for dabigatran, €15,712 
for rivaroxaban, €17,786 for apixaban, and €14,998 for 
edoxaban. The costs for warfarin patients were €29,337 for 
the lowest TTR quartile, €23,519 for the second quartile, 
€18,333 for the third quartile, €14,997 for the highest quar-
tile, and €21,582 for the patients with no valid TTR value. 

Patients with no OAC medication had an average cumulative 
healthcare cost of €31,161. Patients on DOACs had costs of 
similar magnitude compared to each other, with patients on 
apixaban having slightly higher costs. Lower TTR values 
in warfarin patients correspond to higher healthcare costs, 
with the highest quartile having costs comparable to the 
DOACs. Patients with no OAC medication had healthcare 
costs comparable to the lowest TTR quartile and were thus 
more expensive than DOAC patients and most of patients on 
warfarin. The results, along with 95% confidence intervals, 
are included in the supplementary material (Table S4).

The weighted average social and healthcare costs in the 
year following AF onset for patients who received dabi-
gatran, rivaroxaban, or edoxaban were similar at €11,403, 
€11,364, and €10,752, respectively. Patients on apixaban had 
slightly higher costs at €12,642 (Figure 3). Warfarin patients 
had higher costs than DOAC patients at €15,860, with lower 
TTR corresponding to higher costs. Patients who received 
no OAC were costlier than warfarin at €17,682. The results, 
along with 95% confidence intervals, are included in the 
electronic supplementary material (Table S3).

The largest cost drivers for AF healthcare costs in the 
year following AF onset were hospital care at €9383 (64.9%) 
and primary care at €2686 (18.6%). Drug purchases and 
social care services contributed less to the total at €1075 
(7.4%) and €797 (5.5%), respectively. DOAC patients had 
comparably higher drug costs than warfarin patients due 
to the higher prices of DOACs (cost difference €496–€625 
for different DOAC groups). Warfarin patients respectively 
had higher primary care costs, driven by the required INR 
measurements (difference €985–€1315 for different DOAC 
groups), as well as higher hospital care costs (difference 
€3218–€5108 for different DOAC groups). For warfarin 
patients, the different categories of costs increased along 
with decreasing TTR, with the exception of primary care 
costs not being increased for the lowest TTR quartile. Ele-
vated hospital care and social care costs were the main con-
tributors for the higher costs of patients who received no 
OAC.

When the total IPTW-weighted healthcare costs in the 
first year after AF onset were compared between patients 
with a CHA2DS2-VA score of 1 and patients with a score 
of 2 or higher, patients with higher scores had higher costs, 
ranging from less than double in the dabigatran (€7120 
vs €12,128), rivaroxaban (€7177 vs €12,068), apixaban 
(€8181 vs €13,379), and warfarin (€10,185 vs €16,804) 
groups to more than double in the edoxaban group (€5338 
vs €11,536) (Fig. 4). The difference was largest in patients 
who received no OAC, where CHA2DS2-VA scores higher 
than 1 corresponded to triple the average costs. In war-
farin patients, the comparative difference between a 
CHA2DS2-VA score of 1 and higher scores was higher for 
patients with lower TTR values. The results, along with 
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Table 1   Patient characteristics at the time of new atrial fibrillation onset

CHA2DS2-VA Congestive heart failure, Hypertension, Age over 75, Diabetes, Prior stroke or TIA or thromboembolism, Vascular disease, Age 65 
to 74, OAC oral anticoagulation, TIA transient ischemic attack, TTR​ time in therapeutic range

Total Warfarin, 
lowest TTR 
quartile

Warfarin, 
second TTR 
quartile

Warfarin, 
third TTR 
quartile

Warfarin, 
highest TTR 
quartile

Warfarin, 
TTR not 
available

n 130,745 10,199 10,499 10,485 10,352 25,075
Sex, n (%) Male 63,075 (48.2) 5067 (49.7) 4722 (45.0) 4586 (43.7) 4917 (47.5) 11,863 (47.3)

Female 67,670 (51.8) 5132 (50.3) 5777 (55.0) 5899 (56.3) 5435 (52.5) 13,212 (52.7)
Age, years Mean (SD) 74.8 (11.4) 74.6 (11.1) 75.7 (10.0) 75.4 (9.4) 74.4 (9.3) 75.5 (10.2)

65–74 39,433 (30.2) 2861 (28.1) 3170 (30.2) 3480 (33.2) 3823 (36.9) 7582 (30.2)
Over 75 68,365 (52.3) 5393 (52.9) 5892 (56.1) 5669 (54.1) 5080 (49.1) 13,838 (55.2)
Under 65 22,947 (17.6) 1945 (19.1) 1437 (13.7) 1336 (12.7) 1449 (14.0) 3655 (14.6)

CHA2DS2-VA 1 19,170 (14.7) 1292 (12.7) 1053 (10.0) 1152 (11.0) 1398 (13.5) 2916 (11.6)
2+ 111,575 (85.3) 8907 (87.3) 9446 (90.0) 9333 (89.0) 8954 (86.5) 22,159 (88.4)

Dementia (%) 7598 (5.8) 539 (5.3) 492 (4.7) 415 (4.0) 316 (3.1) 1181 (4.7)
Cancer (%) 29,400 (22.5) 2286 (22.4) 2428 (23.1) 2283 (21.8) 2117 (20.5) 4966 (19.8)
Congestive heart failure (%) 24,337 (18.6) 2546 (25.0) 2304 (21.9) 1750 (16.7) 1361 (13.1) 4938 (19.7)
Ischemic stroke or TIA (%) 22,797 (17.4) 1758 (17.2) 1898 (18.1) 1845 (17.6) 1721 (16.6) 4419 (17.6)
Diabetes (%) 32,360 (24.8) 2917 (28.6) 2934 (27.9) 2551 (24.3) 2294 (22.2) 6232 (24.9)
Abnormal renal function (%) 6129 (4.7) 679 (6.7) 431 (4.1) 329 (3.1) 261 (2.5) 1022 (4.1)
Hyperlipidemia (%) 70,756 (54.1) 5732 (56.2) 6138 (58.5) 6002 (57.2) 5689 (55.0) 13,782 (55.0)
Hypertension (%) 107,439 (82.2) 8405 (82.4) 8683 (82.7) 8653 (82.5) 8352 (80.7) 20,508 (81.8)
Vascular disease (%) 37,960 (29.0) 3262 (32.0) 3157 (30.1) 3010 (28.7) 2657 (25.7) 7377 (29.4)
Abnormal liver function (%) 737 (0.6) 60 (0.6) 49 (0.5) 33 (0.3) 26 (0.3) 66 (0.3)
Bleeding (%) 15,683 (12.0) 1232 (12.1) 1094 (10.4) 947 (9.0) 848 (8.2) 2580 (10.3)

Dabigatran Rivaroxaban Apixaban Edoxaban No OAC

n 7514 13,230 11,886 366 31,139
Sex (%) Male 3857 (51.3) 6803 (51.4) 5711 (48.0) 182 (49.7) 15,367 (49.3)

Female 3657 (48.7) 6427 (48.6) 6175 (52.0) 184 (50.3) 15,772 (50.7)
Age, years Mean (SD) 72.9 (9.8) 73.0 (9.9) 75.5 (10.2) 74.4 (9.6) 74.8 (14.8)

65–74 2941 (39.1) 5182 (39.2) 3836 (32.3) 135 (36.9) 6423 (20.6)
Over 75 3185 (42.4) 5649 (42.7) 6393 (53.8) 179 (48.9) 17,087 (54.9)
Under 65 1388 (18.5) 2399 (18.1) 1657 (13.9) 52 (14.2) 7629 (24.5)

CHA2DS2-VA 1 1161 (15.5) 2099 (15.9) 1391 (11.7) 46 (12.6) 6662 (21.4)
2+ 6353 (84.5) 11,131 (84.1) 10,495 (88.3) 320 (87.4) 24,477 (78.6)

Dementia (%) 208 (2.8) 408 (3.1) 482 (4.1) 15 (4.1) 3542 (11.4)
Cancer (%) 1474 (19.6) 2638 (19.9) 2706 (22.8) 89 (24.3) 8413 (27.0)
Congestive heart failure (%) 731 (9.7) 1527 (11.5) 1856 (15.6) 46 (12.6) 7278 (23.4)
Ischemic stroke or TIA (%) 1374 (18.3) 1780 (13.5) 2117 (17.8) 43 (11.7) 5842 (18.8)
Diabetes (%) 1827 (24.3) 3264 (24.7) 3197 (26.9) 97 (26.5) 7047 (22.6)
Abnormal renal function (%) 130 (1.7) 303 (2.3) 533 (4.5) 17 (4.6) 2424 (7.8)
Hyperlipidemia (%) 4332 (57.7) 7451 (56.3) 7171 (60.3) 221 (60.4) 14,238 (45.7)
Hypertension (%) 6277 (83.5) 10,992 (83.1) 9970 (83.9) 297 (81.1) 25,302 (81.3)
Vascular disease (%) 1784 (23.7) 3275 (24.8) 3432 (28.9) 87 (23.8) 9919 (31.9)
Abnormal liver function (%) 16 (0.2) 31 (0.2) 38 (0.3) 3 (0.8) 415 (1.3)
Bleeding (%) 731 (9.7) 1323 (10.0) 1347 (11.3) 47 (12.8) 5534 (17.8)
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95% confidence intervals, are included in the electronic 
supplementary material (Table S5).

In a separate analysis of total costs of DOAC patients 
who received standard doses, the difference in costs 
between apixaban and other DOAC groups was reduced 
(supplementary Figure  S1 and Table  S6). In patients 
receiving low-dose DOACs, the differences between 
DOACs were pronounced (supplementary Figure S2 and 
Table S7). Additionally, a comparison of IPTW-weighted 
and unweighted 1-year costs after AF onset showed that 
the comparisons between OAC medication groups are 
mostly the same regardless of weighting, with the minor 
exception of the different DOAC groups having costs 
closer to each other after IPTW (supplementary Fig-
ure S3 and Table S8). Similar results were seen for the 

unweighted costs of different service types (supplementary 
Figure S4 and Table S9).

4 � Discussion

In our study, we found (1) patients starting a DOAC had 
lower social and healthcare costs during the 2-year period 
around the onset of AF, (2) lower TTR in AF patients 
using warfarin was associated with higher social and 
healthcare costs, (3) hospital care was the largest cost 
component in newly diagnosed AF patients, followed by 
primary care, and (4) AF patients at an increased risk of 
stroke, identified by a CHA2DS2-VA score of 2 or higher, 
had the highest costs.
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without oral anticoagulation (OAC) (A) and for time in therapeutic 
range (TTR) quartiles of warfarin patients and patients using individ-
ual DOACs (B)
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After IPTW, the total social and healthcare costs dur-
ing the first year after AF onset ranged from €10,752 to 
€15,860 for patients receiving different OACs. These 
costs were more than double the costs of the previous year 
before AF in each medication group. To our knowledge, 

our study is the first comparing the first-year costs of dif-
ferent OAC therapies. A previous study [18] found a simi-
lar increase in hospital and clinical cost associated with 
AF onset. The costs of AF have been studied in prevalent 
patient populations [4, 19], with yearly costs ranging from 
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$18,545 (2002 US dollars) to $39,877 (2010 Canadian dol-
lars) depending on geographic location, organization of 
healthcare, types of costs included, and choice of study 
population. The social and healthcare costs of prevalent 
Finnish AF patients using different OACs have been pre-
viously reported in [6]. The study at hand with incident 
patients found slightly higher costs, possibly due to inter-
ventions associated with the diagnosis of AF.

We found costs of patients using different DOACs to 
be close to each other after applying IPTW, with apixaban 
patients being slightly more costly. Patients using warfa-
rin had on average 37% higher social and healthcare costs 
than patients using any of the DOACs, likely due to higher 
risk of complications. This higher rate of complications 
has been extensively reported elsewhere, both in relation to 
standard-dose DOACs [3] and reduced-dose DOACs [20]. 
In the IPTW setting, this cost difference can be interpreted 
as the potential savings if the entire warfarin patient popula-
tion were treated with DOACs. Previous studies with real-
world data have found patients using rivaroxaban [21] or 
dabigatran [22, 23] have total healthcare costs comparable 
to warfarin patients, and patients using apixaban [24] have 
lower costs than warfarin patients.

Several simulation studies using Markov models and 
lifetime follow-up have found DOACs to be cost-effective 
when compared to warfarin [25–28], while others found the 
incremental cost of DOAC patients to be higher than desir-
able [29]. Patients who received no anticoagulation were 
the most expensive, but these patients are a heterogeneous 
group, and it is very important that the analyses are per-
formed separately in high and low stroke risk groups, like 
in the present study.

The costs of warfarin patients correlated with TTR levels, 
with the lowest TTR group having almost twofold higher 
total social and healthcare costs than the highest quartile. 
The highest TTR quartile, where warfarin treatment was 
most successful, had costs comparable to DOAC users. A 
similar association between TTR and healthcare costs has 
been noticed in previous register studies [30, 31]. Previous 
simulation studies also suggest that warfarin patients with 
high TTR can have competitive cost-effectiveness when 
compared to DOAC patients, but when compared to patients 
with low TTR, DOAC patients are cost-effective [32–34]. 
However, the TTR of individual patients cannot be reliably 
predicted, and thus the average cost should be considered in 
comparisons between medications [3].

The largest contributors to the costs of AF patients were 
hospital costs and primary care costs, with drug purchases 
and social care representing smaller contributions. This 
distribution is similar to those presented in earlier reports 
[4]. The cost distribution was mostly similar across medi-
cation groups. The proportion of primary care is empha-
sized in warfarin patients, which reflects the need for 

regular INR monitoring. DOAC patients have higher total 
drug costs than warfarin patients, which corresponds to 
estimates of yearly cost of DOAC medication. This differ-
ence is likely to diminish with the introduction of generic 
DOAC alternatives. The cost differences in both primary 
care and drugs are smaller than the difference in hospital 
costs, which suggests that the cost differences between 
warfarin and DOAC patients are mainly driven by dif-
ferences in hospitalizations rather than the need for INR 
measurements or higher drug costs. The focus on patients 
with prevalent AF in prior research is reflected in a patient 
cohort older than that in this study, which further explains 
the larger cost contributions of residential care and home 
care [6].

High risk of stroke, identified by a CHA2DS2-VA score 
of 2 or higher, corresponded to increased healthcare costs 
in all medication groups compared to patients with low 
stroke risk. The increases ranged from 64% to 116%, with 
the highest difference being in patients using edoxaban, 
followed by patients with no OAC medication. This sug-
gests that patients with no OAC are polarized between 
healthy patients with no need for OACs and patients who 
for other medical reasons, e.g., severe renal dysfunction, 
did not receive OACs or would not benefit from them. 
An association between high risk of stroke and healthcare 
costs in AF patients is in line with previous research [35].

The costs were temporally associated with the onset 
of AF. Previous studies have found temporal associations 
between IS and AF, and myocardial infarction and AF, 
which all contribute to the cost effect [36, 37]. Addition-
ally, diagnostic procedures and treatments, such as acute 
cardioversion, performed in the temporal vicinity of AF 
onset might increase the costs.

The patients receiving lower doses of DOACs had 
higher costs altogether. Lower doses, especially of apixa-
ban, are typically prescribed to patients with a higher age 
and higher number of comorbidities.

The main strength of this study was the comprehen-
sive nationwide dataset that covers all levels of care and 
includes social care, laboratory data, and drug purchases. 
The study setting enables a focus on new-onset AF and 
costs after AF diagnosis. A long study period allows for 
establishment of a baseline before AF onset, including rel-
evant comorbidities. Additionally, the widespread adop-
tion of DOAC usage in Finland coincides with the study 
period, which is ideal for comparing between new warfarin 
and DOAC patients.

This study does not cover the monetary impact of lost 
work time, although the impact would likely be low due 
to the average age of the cohort being over 70 years. The 
registry data are based on administrative recording and can 
thus be subject to inconsistent documentation practices. 
Absolute cost numbers presented in this study may not be 
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applicable to other countries due to differences in prices, 
practices, and organization of care services, but the rela-
tive differences between patient groups are most probably 
generalizable.

5 � Conclusions

Patients on DOACs had lower total social and healthcare 
costs compared to warfarin users despite the higher cost of 
medication. DOACs are currently preferred over warfarin 
due to their clinical effectiveness, and the results support 
this practice from the cost perspective. When assessing 
treatment options, it is vital to consider both total costs 
as well as the effect on resource usage, as these are key 
factors in assessing cost-effectiveness. Further research 
will be conducted on the social and healthcare costs of AF 
patients following typical complications such as IS and 
intracranial hemorrhage.
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