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Aims: Socioeconomic disparities have been reported in the outcomes of patients with

atrial fibrillation (AF). We assessed the hypothesis that AF patients with higher

income or educational level are more frequently initiated with oral anticoagulant

(OAC) therapy for stroke prevention.

Methods: The nationwide registry-based Finnish AntiCoagulation in Atrial

Fibrillation cohort covers all patients with AF from all levels of care in Finland.

Patients were divided into income quartiles according to their highest annual income

during 2004-2018 and into three categories based on educational attainment. The

outcome was the first redeemed OAC prescription.

Results: We identified 239 222 patients (mean age 72.7 ± 13.2 years, 49.8% female)

with incident AF during 2007-2018. Higher income was associated with higher OAC

initiation rate: compared to the lowest income quartile the adjusted SHRs (95% CI) for

OAC initiation were 1.09 (1.07-1.10), 1.13 (1.11-1.14) and 1.13 (1.12-1.15) in the

second, third and fourth income quartiles, respectively. Patients in the highest

educational category had a slightly lower OAC initiation rate than patients in the lowest

educational category (adjusted SHR 0.92 [95% CI 0.90-0.93]). Income-related

disparities were larger and education-related disparities only marginal among patients

at high risk of ischemic stroke. The socioeconomic disparities in OAC initiation within

1-year follow-up decreased from 2007 to 2018. The adoption of direct OACs as the

initial anticoagulant was faster among patients with higher income or educational levels.

Conclusion: These findings highlight potential missed opportunities in stroke preven-

tion, especially among AF patients with low income, whereas the education-related

disparities in OAC initiation appear controversial.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common sustained arrhythmia,

affecting up to 4.1% of the general population, and is associated with

substantially increased risk of ischemic stroke and mortality.1,2 Fortu-

nately, oral anticoagulant (OAC) therapy effectively reduces the risk

of both stroke and death in patients with AF and high stroke risk.1,3

While vitamin-K antagonists (VKAs) were the cornerstone of stroke

prevention for more than 50 years, the emergence of direct oral anti-

coagulants (DOACs) has revolutionized OAC therapy in patients with

AF, and the current guidelines recommend DOACs over VKAs as the

first-line anticoagulant in nonvalvular AF due to their superior efficacy

and safety profile.4 Despite the well-established benefits of OAC ther-

apy, its underuse in patients with AF at risk of stroke is common, and

clear disparities in stroke prevention have been reported among

patient groups defined by characteristics such as age, race, ethnicity,

gender and mental health status.5–12

Socioeconomic inequalities in health are widespread, and health-

care financing schemes have been shown to affect the magnitude of

health disparities.13–17 Finland, as other Nordic countries, has national

publicly funded healthcare, universal coverage of public health insur-

ance and relatively low out-of-pocket health expenditure.18–20 Not-

withstanding, socioeconomic disparities in terms of morbidity,

mortality and self-rated health are observed in Finland.21

Previous studies have associated lower socioeconomic status

with higher incidence of AF as well as with lower use of rhythm con-

trol therapies and poorer outcomes in patients with AF.22–24 How-

ever, evidence on the impact of socioeconomic factors on the use of

OAC therapy, and particularly on the use of DOACs, is limited. The

present nationwide cohort study covering all patients with AF in

Finland aimed to assess whether patients' income and educational

levels affect the utilization of OAC therapy or the choice of DOAC

over VKA as initial anticoagulant.

2 | METHODS

2.1 | Study population

The Finnish AntiCoagulation in Atrial Fibrillation (FinACAF) Study

(ClinicalTrials Identifier: NCT04645537, ENCePP Identifier:

EUPAS29845) is a nationwide retrospective cohort study including all

patients with an AF diagnosis in Finland during 2004-2018.2 Patients

were identified from all available national healthcare registers (hospi-

talizations and outpatient specialist visits: HILMO, primary health

care: AvoHILMO, National Reimbursement Register upheld by Social

Insurance Institute: KELA). The inclusion criterion for the cohort was

an International Classification of Diseases, Tenth Revision (ICD-10)

diagnosis code I48 (including atrial fibrillation and atrial flutter,

together referred as AF) recorded between 2004-2018 and cohort

entry occurred on the date of the first recorded AF diagnosis. The

exclusion criteria were permanent migration abroad before December

31, 2018 and age <18 years at AF diagnosis. Follow-up continued

until death or December 31, 2018, whichever occurred first. The cur-

rent substudy was conducted within a cohort of patients with incident

AF between 2007 and 2018, established in previous studies of the

FinACAF cohort.8,25,26 In this cohort, patients with a recorded AF

diagnosis during 2004-2006 were excluded because the 2-year medi-

cal history was considered too short to exclude the presence of an AF

diagnosis before the cohort entry. Additionally, patients who had ful-

filled an OAC prescription during 2004-2006 or within a year before

the date of first AF diagnosis were excluded since most of them likely

had a previous diagnosis of AF. Baseline patient characteristics were

gathered from medical records from 2004 until cohort entry. Since

OAC therapy is not recommended in AF patients with low risk of

stroke, sensitivity analyses were performed among patients with at

least intermediate stroke risk as well as among patients with high

stroke risk (at least intermediate stroke risk: men with CHA2DS2-VASc

score ≥1 and women with CHA2DS2-VASc score ≥2, high stroke risk:

men with CHA2DS2-VASc score ≥2 and women with CHA2DS2-VASc

score ≥3). The patient selection process is summarized in Supporting

Information Figure S1.

2.2 | Income and educational levels

The patients' individual highest annual taxable income (to 1000-euro

accuracy) during the FinACAF study's observation period from 2004

to 2018 was derived from the national Tax Register. The annual

income was capped to a maximum of 100 000 euros to avoid patients'

identifiability due to high incomes. To account for changes in income

over time and age, patients were divided into age group and AF diag-

nosis year specific income quartiles, ie, each 10-year age group during

each cohort entry year was divided into income quartiles using age

group and entry year specific cut-points.27 The sensitivity analyses'

What is already known about this subject

• Socioeconomic disparities exist in the outcomes of

patients with atrial fibrillation (AF).

• Underuse of oral anticoagulant (OAC) therapy for stroke

prevention in the presence of AF is common.

What this study adds

• Higher income is associated with higher rate of OAC

therapy initiation in patients with AF.

• Educational attainment does not meaningfully affect

OAC initiation rate.

• Socioeconomic disparities in the initiation of OAC ther-

apy have decreased during 2007-2017 in Finland.

2 TEPPO ET AL.
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cohorts were divided into income quartiles in a similar manner. Of

note, the median annual income in Finland during the study period

was approximately 38 000 euros, and notwithstanding the capping of

the income data, the individuals with income capped to 100 000

euros were categorized into the highest income quartile.28

The patients' highest achieved educational level categorized

according to the International Standard Classification of Education

(ISCED) was obtained from Statistics Finland.29 Educational level was

divided into three categories: Category 1: ISCED 0-2 (no registered,

preprimary, primary or lower secondary education); Category 2:

ISCED 3 (upper secondary or vocational education); Category 3:

ISCED 5-8 (tertiary, Bachelor's-level, Master's-level or doctoral level

education). ISCED category 4 does not exist in Finland.

Additionally, to investigate income-related disparities in OAC use

within the educational categories, patients in the three educational

categories were divided separately into halves according to their

annual income.

2.3 | Initiation of OAC

The primary outcome was the initiation of OAC therapy, which was

considered to occur on the date of first fulfilled OAC (warfarin, apixa-

ban, dabigatran, edoxaban or rivaroxaban) prescription after the

cohort entry.

2.4 | Study ethics

The study protocol was approved by the Ethics Committee of

the Medical Faculty of Helsinki University, Helsinki, Finland

(nr. 15/2017) and granted research permission from Helsinki

University Hospital (HUS/46/2018). Respective permissions were

obtained from the Finnish register holders (KELA 138/522/2018, THL

2101/5.05.00/2018, Population Register Centre VRK/1291/2019-3,

Statistics Finland TK-53-1713-18/u1281 and Tax Register

VH/874/07.01.03/2019). The patients' identification numbers were

pseudonymized, and the research group received individualized, but

unidentifiable, data. Informed consent was waived due to the retro-

spective registry nature of the study. The study conforms to the

Declaration of Helsinki as revised in 2013.

2.5 | Statistical analysis

Statistical analyses were performed with the IBM SPSS Statistics soft-

ware (version 27.0; SPSS, Inc., Armonk, NY, USA) and R (version 4.0.5,

https://www.R-project.org). The chi-square test was used to compare

differences between proportions, and one-way analysis of variance to

analyse continuous variables. Poisson regression was used to estimate

the incidence rates of OAC initiation for income quartiles and educa-

tional categories. Observation of OAC initiation may be hindered by

mortality occurring during the study period, and therefore the Fine-

Gray regression with all-cause death as competing event was used to

estimate the unadjusted and adjusted subdistribution hazard ratios

(SHRs) of OAC initiation for income quartiles and educational catego-

ries. Additionally, to determine the factors associated with choosing

DOAC over VKA as the initial anticoagulant, a binary logistic regres-

sion model was used with DOAC initiation as dependent variable

including only patients initiating OAC therapy after 2011 when the

first DOAC was approved for stroke prevention in patients with

AF. Furthermore, to quantify temporal changes in the magnitude of

socioeconomic disparities in overall OAC initiation, interaction terms

between socioeconomic categories and cohort entry year as continu-

ous variable were fitted in binary logistic regression models with OAC

initiation within 1-year follow-up as the dependent variable. In addi-

tion to income and educational levels, the adjusted analyses with the

Fine-Gray and binary logistic regression models included the following

variables: age, gender, calendar year of AF diagnosis, dementia, can-

cer, alcohol use disorder, prior bleeding episodes, concomitant use of

nonsteroidal anti-inflammatory drugs or antiplatelets, psychiatric dis-

orders, prior stroke or transient ischemic attack, abnormal liver func-

tion, abnormal kidney function, diabetes, hypertension, coronary

artery disease and heart failure. The definitions of the comorbidities

are displayed in Supporting Information Table S1.

3 | RESULTS

We identified 239 222 patients (49.8% female) with incident AF

during 2007-2018, the mean age at time of AF diagnosis being 72.7

(SD 13.2) years. Patients with higher income were more often male,

had lower stroke risk, higher education and lower prevalence of

psychiatric disorders and alcohol abuse than patients with lower

income. Similarly, patients with higher education were more often

male and had higher income and lower prevalence of comorbidities.

Additionally, patients in the lowest educational category were signifi-

cantly older than patients with higher educational background

(Table 1). During the study period, 42.9%, 31.7%, 29.8% and 27.3%

of patients died from the lowest to the highest income quartile

(P < .001). Correspondingly in the educational categories, 43.6%,

22.9% and 19.5% of the patients died from the lowest to the high-

est category (P < .001).

Overall, OAC therapy was initiated in 171 270 (71.6%) patients

during the observation period and among them the treatment was ini-

tiated with DOAC in 31.0% of patients. When compared to the lowest

income quartile, a higher proportion of patients in the higher income

quartiles initiated OAC therapy during follow-up (Figure 1). However,

notwithstanding this higher proportion of OAC initiators in the higher

income quartiles, the crude incidence rate of OAC initiation was lower

in the higher income quartiles due to longer follow-up times (Table 2).

Patients with higher educational background were less likely to initi-

ate OAC therapy than patients in the lowest educational category

during follow-up. Correspondingly, the crude incidence rates of OAC

initiation were lower in patients with higher educational levels

(Table 2).

TEPPO ET AL. 3
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After adjusting for patient characteristics and controlling for mor-

tality differences by considering all-cause death as a competing event

in the Fine-Gray regression model, higher income was consistently

associated with a higher adjusted rate of OAC initiation. The highest

educational category remained associated with a lower OAC initiation

rate also in the adjusted competing risk analysis, whereas no differ-

ence was observed between the two lowest educational categories

(Table 2). Within the educational categories, an association between

higher income and OAC use was observed in the two lowest, but not

in the highest educational category (Supporting Information Table S4).

Similar associations of both income and education with OAC initiation

were observed in the adjusted sensitivity analyses including only

patients with at least intermediate stroke risk or patients with high

stroke risk. However, the higher the stroke risk of the patients, the

larger were the observed income-related disparities, whereas the

education-related differences attenuated among patients with higher

stroke risk. Additionally, in the sensitivity analyses, the crude propor-

tion of patients initiating OACs during follow-up was higher in the

higher educational categories than in the lowest category (Supporting

Information Table S2).

A steady increase in overall OAC use within the first year after

AF diagnosis was observed during 2007-2017. While notable incon-

sistency in the annual income-related disparities was observed, the

overall magnitude of disparities decreased over the study period.

Patients with higher education were consistently less likely to initiate

OAC therapy across the observation period and a decrease over time

was observed also in the differences between educational categories

(Figure 2 and Supporting Information Table S3). A clear increase in the

share of DOACs as the initial anticoagulant began in 2014, and by

2018 91.9% of the OAC initiations occurred with DOAC. This

increase was faster among patients with higher income or education,

and a dose-response association was observed between both income

and educational levels on the likelihood of DOAC as the first OAC

(Figure 2 and Table 3).

4 | DISCUSSION

This nationwide cohort study documented disparities in the initiation

of OAC therapy according to income and educational levels in

patients with AF. After controlling for differences in mortality and

patient characteristics, higher income quartiles were associated with a

higher rate of OAC initiation, whereas, interestingly, the highest edu-

cational category was associated with a slightly lower OAC initiation

rate and no difference was observed between patients in the two

lowest educational categories. A significant decrease in the disparities

in OAC initiation within the first year after AF diagnosis was observed

during the study period. Additionally, among the patients initiating

OAC therapy, those with higher income or education were substan-

tially more likely to initiate anticoagulation with DOACs than patients

in lower income or educational categories.

Previous research addressing the effect of socioeconomic factors

on the use of OAC therapy in patients with AF is limited and hasT
A
B
L
E
1

(C
o
nt
in
ue

d)

In
co

m
e
qu

ar
ti
le
s

E
du

ca
ti
o
na

lc
at
eg

o
ri
es

1
st

(lo
w
es
t)

2
nd

3
rd

4
th

(h
ig
he

st
)

P
va

lu
e

1
st

(lo
w
es
t)

2
n
d

3
rd

(h
ig
h
es
t)

P
va

lu
e

n
=

6
2
3
0
2

n
=

5
7
7
7
5

n
=

5
9
6
7
0

n
=

5
9
4
7
5

n
=

1
2
5
3
2
6

n
=

6
4
6
7
5

n
=

4
9
2
2
1

R
is
k
sc
o
re
s

C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

3
.8

(1
.9
)

3
.5

(1
.9
)

3
.3

(1
.9
)

3
.1

(1
.8
)

<
.0
0
1

4
.0

(1
.7
)

2
.9

(1
.9
)

2
.7

(1
.8
)

<
.0
0
1

Lo
w

st
ro
ke

ri
sk

3
8
2
9
(6
.1
)

4
4
8
3
(7
.8
)

5
5
0
1
(9
.2
)

5
9
5
9
(1
0
.0
)

<
.0
0
1

4
1
0
2
(3
.3
)

8
5
5
6
(1
3
.2
)

7
1
1
4
(1
4
.5
)

<
.0
0
1

In
te
rm

ed
ia
te

st
ro
ke

ri
sk

7
2
9
7
(1
1
.7
)

8
1
5
5
(1
4
.1
)

9
0
3
1
(1
5
.1
)

9
4
5
3
(1
5
.9
)

<
.0
0
1

1
0
0
5
7
(8
.0
)

1
3
1
5
8
(2
0
.3
)

1
0
7
2
1
(2
1
.8
)

<
.0
0
1

H
ig
h
st
ro
ke

ri
sk

5
1
1
7
6
(8
2
.1
%
)

4
5
1
3
7
(7
8
.1
)

4
5
1
2
8
(7
5
.6
)

4
4
0
6
3
(7
4
.1
)

<
.0
0
1

1
1
1
1
6
7
(8
8
.7
)

4
2
9
6
1
(6
6
.4
)

3
1
3
8
6
(6
3
.8
)

<
.0
0
1

M
o
di
fi
ed

H
A
S-
B
LE

D
sc
o
re

2
.6

(1
.1
)

2
.5

(1
.0
)

2
.5

(1
.0
)

2
.4

(1
.1
)

<
.0
0
1

2
.7

(1
.0
)

2
.3

(1
.1
)

2
.3

(1
.1
)

<
.0
0
1

N
ot
e:
V
al
ue

s
de

no
te

n
(%

)o
r
m
ea

n
(s
ta
nd

ar
d
de

vi
at
io
n)
.L

o
w

st
ro
ke

ri
sk
:m

en
w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

0
an

d
w
o
m
en

w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

≤
1
.I
n
te
rm

ed
ia
te

st
ro
ke

ri
sk
:m

en
w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

1
an

d
w
o
m
en

w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

2
.H

ig
h
st
ro
ke

ri
sk
:m

en
w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

>
1
an

d
w
o
m
en

w
it
h
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

>
2
.

A
bb

re
vi
at
io
ns
:C

H
A
2
D
S 2
-V

A
Sc

,c
o
ng

es
ti
ve

he
ar
t
fa
ilu

re
,h

yp
er
te
n
si
o
n,

ag
e
≥
7
5
ye

ar
s,
di
ab

et
es
,h

is
to
ry

o
f
st
ro
ke

o
r
T
IA
,v
as
cu

la
r
di
se
as
e,

ag
e
6
5
-7
4
ye

ar
s,
se
x
ca
te
go

ry
(f
em

al
e)
;m

o
d
if
ie
d
H
A
S-
B
LE

D
sc
o
re
,

hy
pe

rt
en

si
o
n,

ab
no

rm
al
re
na

lo
r
liv
er

fu
nc

ti
o
n,

pr
io
r
st
ro
ke

,b
le
ed

in
g
hi
st
o
ry
,a
ge

>
6
5
ye

ar
s,
al
co

ho
la
bu

se
,c
o
nc

o
m
it
an

t
an

ti
pl
at
el
et
/N

SA
ID

s
(n
o
la
bi
le

IN
R
,m

ax
sc
o
re

8
);
T
IA
,t
ra
n
si
en

t
is
ch

em
ic
at
ta
ck
.

TEPPO ET AL. 5

 13652125, 0, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15501 by U

niversity of T
urku, W

iley O
nline L

ibrary on [30/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



demonstrated varying results.12,30–33 Importantly, these studies have

been prone to potential selection, information and confounding biases

owing to limited data from only a single level of care, limited follow-

up times or insufficient controlling for mortality differences and other

confounding factors. Additionally, most previous studies have relied

on area-based instead of individual-level socioeconomic data. There-

fore, the current study covering uniquely all patients with AF nation-

wide from all levels of care and individual socioeconomic data

substantially expands our understanding of the associations of income

and education on the use of OACs. Moreover, as seen in our results,

controlling for mortality differences with competing risk models is cru-

cial when assessing differences between socioeconomic levels.

The largest interquartile difference in the adjusted OAC initiation

rate was observed between the two lowest income quartiles, and dif-

ferences between the other income quartiles were marginal. Interest-

ingly, the highest educational category was associated with a lower

rate of OAC initiation, a finding somewhat contradictory with previ-

ous reports of superior medical treatment in patients with higher

educational level.24,33–36 Yet, observations of similar OAC initiation

rate in AF patients from different educational levels can be found

from previous literature.12 Importantly, in the sensitivity analyses

among patients with higher stroke risk and therefore a more definite

indication for OAC therapy, the income-related differences in OAC

initiation were larger than in the main analysis, while the education-

related disparities attenuated considerably. Moreover, the income-

related disparities were most profound within the lowest educational

categories. These findings suggest clinically meaningful income-

related inequity in stroke prevention, particularly among patients with

low education, which may partly explain the previously reported

higher ischemic stroke risk and mortality among patients with AF and

low socioeconomic status.24,37

Overall, as previously reported by the authors, a substantial and

continuous improvement in OAC initiation was observed in Finland

during our study period.8 While the income-related disparities in OAC

initiation had large annual variation, the differences between educa-

tion categories were more profound and consistent across the study

TABLE 2 Incidence of OAC initiation according to income and educational levels

Events Patient years Incidence (per patient year) Unadjusted SHR Adjusted SHR

Income quartile

1st (lowest) 41 986 (67.4%) 75 019 0.56 (0.55-0.57) (reference) (reference)

2nd 41 697 (72.2%)* 75 823 0.55 (0.55-0.56) 1.13 (1.11-1.14) 1.09 (1.07-1.10)

3rd 43 879 (73.5%)* 83 563 0.53 (0.52-0.53) 1.16 (1.15-1.18) 1.13 (1.11-1.14)

4th (highest) 43 708 (73.5%)* 88 730 0.49 (0.49-0.50) 1.14 (1.13-1.16) 1.13 (1.12-1.15)

Educational category

1st (lowest) 66 798 (53.3%) 134 811 0.67 (0.67-0.68) (reference) (reference)

2nd 30 419 (47.0%)* 101 768 0.45 (0.45-0.56) 0.98 (0.96-0.99) 0.99 (0.98-1.01)

3rd (highest) 20 962 (42.6%)* 86 667 0.40 (0.40-0.41) 0.94 (0.93-0.95) 0.92 (0.90-0.93)

Note: 95% confidence intervals in parenthesis. SHRs estimated by Fine-Gray regression with all-cause death as competing event. Adjusted analyses

included the following variables: age, gender, calendar year of AF diagnosis, dementia, cancer, alcohol use disorder, prior bleeding episodes, concomitant

use of nonsteroidal anti-inflammatory drugs or antiplatelets, psychiatric disorders, prior stroke or TIA, abnormal liver function, abnormal kidney function,

diabetes, hypertension, coronary artery disease, heart failure, income quartiles and educational categories.

*P < .001 when compared with the lowest category. Abbreviations: SHR, subdistribution hazard ratio; TIA, transient ischemic attack.

F IGURE 1 Crude cumulative incidence
curves of OAC initiation according to
income (left panel) and educational levels
(right panel)
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period. Importantly, these differences between income and education

categories attenuated towards the end of the observation period, cor-

responding with previous reports of decreasing socioeconomic treat-

ment inequalities in the Nordic countries.33,38 The increasing

awareness of AF and the introduction of the easy-to-use CHA2DS2-

VASc stroke risk score and systematic clinical guidelines have likely

contributed to both the increase in overall OAC use and the decrease

in the socioeconomic disparities in OAC coverage. The emergence of

DOACs in the mainstream of stroke prevention in patients with AF in

Finland occurred during our observation period, particularly during

TABLE 3 Proportion of DOAC as the initial anticoagulant during 2011-1018 according to income and educational levels

DOAC initiations Unadjusted OR Adjusted OR

Income quartile

1st (lowest) 11 425 (34.7%) (reference) (reference)

2nd 12 638 (37.1%)* 1.11 (1.08-1.15) 1.16 (1.11-1.21)

3rd 13 717 (39.3%)* 1.22 (1.18-1.26) 1.33 (1.28-1.39)

4th (highest) 15 179 (43.7%)* 1.46 (1.42-1.51) 1.68 (1.60-1.75)

Educational category

1st (lowest) 23 620 (34.0%) (reference) (reference)

2nd 15 659 (41.0%)* 1.35 (1.32-1.39) 1.05 (1.01-1.09)

3rd (highest) 13 680 (47.4%)* 1.76 (1.71-1.81) 1.35 (1.30-1.41)

Note: 95% confidence intervals in parenthesis. Adjusted ORs estimated by binary logistic regression including the following variables: age, gender, calendar

year of AF diagnosis, dementia, cancer, alcohol use disorder, prior bleeding episodes, concomitant use of nonsteroidal anti-inflammatory drugs or

antiplatelets, psychiatric disorders, prior stroke or TIA, abnormal liver function, abnormal kidney function, diabetes, hypertension, coronary artery disease,

heart failure, income quartiles and educational categories.

*P < .001 when compared with the lowest category. Abbreviations: OR, odds ratio; TIA, transient ischemic attack.

F IGURE 2 Temporal trends in the proportion of patients initiating OAC therapy within 1-year follow-up (left panel) and in the share of
DOACs of all OAC initiations (right panel) according to income and educational levels. The 95% confidence intervals are displayed as error bars.
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2014-2018. The adoption of DOACs as the initial anticoagulant was

substantially faster among patients with higher income or education.

The increase in DOAC use was likely hastened by a number of deci-

sions raising reimbursement rates for DOACs in patients with AF dur-

ing 2013-2015 in Finland.

The observed disparities in the utilization of OAC therapy

between income and educational levels are likely multifactorial.

Importantly, although in Finland 42-65% of the costs of DOACs have

been reimbursed to AF patients at risk of stroke since 2012, DOACs

remain considerably more expensive than VKAs, likely hindering their

use in patients with low income. The easier-to-use DOACs may also

be initiated with a lower threshold in patients with higher income in

situations where the necessary dose monitoring of VKA therapy is

seen as cumbersome by the patient or clinician. However, since the

inexpensive VKAs would enable affordable stroke prevention for all

patients, medicine affordability is unlikely to be the only reason for

the observed income-related disparities. Varying levels of health liter-

acy is often proposed as a factor for socioeconomic health disparities,

and this may also be reflected in our findings, although, in contrast,

higher education was actually associated with lower OAC use in our

study.39,40 Furthermore, differences in trust between patients and cli-

nicians and in patients' preference for OAC therapy, as well as possi-

ble systemic biases within the healthcare system and society, may

contribute to the observed treatment disparities. Patients with higher

education may also make more independent decisions to withhold

OAC therapy, regardless of medical advice. Finally, differences in life

expectancies as well as in the prevalence of comorbidities and bleed-

ing risk factors among income and educational categories undoubt-

edly affect the clinical decision making of OAC therapy. Nevertheless,

income-related disparities are observed in the initiation of OAC ther-

apy even after adjusting for these differences in patient characteris-

tics, suggesting possible inequity in provided care.

The main limitations of our study are the inherent challenges of

register-based retrospective cohort studies, and thus our observations

represent associations and not necessarily causation. Importantly, we

lacked data on the actual reasons for withholding OAC therapy. Infor-

mation bias may be present in administrative data due to inaccurate

recording of diagnoses, but information on OAC initiation is based on

the complete nationwide data of claimed prescriptions, covering all

OAC purchases, since OACs are not sold without prescription. Addi-

tionally, since our results rely on pharmacy claims, differences in

adherence to prescribed OAC therapy may affect the observed OAC

initiation rates. Although the analyses were adjusted for both age and

cohort entry year, the secular trends in improving educational attain-

ment and educational opportunities may modify the association

between education and OAC use. Residual confounding by other

unmeasured factors also cannot be excluded. Notwithstanding these

limitations, the results of this large nationwide cohort study accentu-

ate disparities in OAC use and emphasize the need for further efforts

to ensure adequate and equitable stroke prevention to all patients

with AF. Future research is needed to explore the factors underlying

the observed differences in the utilization of OAC therapy, and espe-

cially whether they reflect clinically well-founded reticence or

unfounded inequity in stroke prevention. Whether or not the

observed differences in OAC therapy initiation affect outcomes needs

to be determined in future studies.

In conclusion, the findings of this nationwide cohort study high-

light potential missed opportunities in stroke prevention, especially

among AF patients with low income and high risk of ischemic stroke.

Overall, the disparities in OAC initiation between income and educa-

tional categories decreased over the study period between 2007 and

2018. Additionally, the broad adoption of DOACs as the initial antico-

agulant was considerably faster among patients with higher income or

educational levels.
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