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ABSTRACT

Objective The study aimed to examine the association
between socioeconomic factors (SEFs) and oral
anticoagulation (OAC) therapy and whether it was
influenced by changing guidelines. We hypothesised that
inequities in initiation of OAC reduced over time as more
detailed and explicit clinical guidelines were issued.
Design Register-based observational study.

Settings All Danish patients with an incident hospital
diagnosis of atrial fibrillation (AF), aged >30 years old and
with high risk of stroke from 1 May 1999 to 2 October
2015 were included. Absolute risk differences (RD) (95%
Cl) were used to measure the association.

Participants 154 448 patients (mean age 78.2 years,
men 47.3%).

Exposure Education, family income and cohabiting status
were the SEFs used as exposure.

Outcome A prescription of OAC within —30 to +90 days of
baseline (incident AF).

Results During 2002—2007, the crude RD of initiation

of OAC for men with high education was 14.9% (12.8

t0 16.9). Inequality reduced when new guidelines were
published, and in 2013-2016 the crude RD was 5.6%

(3.5 to 7.7). After adjusting for age, the RD substantially
reduced. The same pattern was seen for cohabiting
status, while inequality was smaller and more constant for
income.

Conclusion Patients with low income, low education and
living alone were associated with lower chance of being
initiated with OAC. For education and cohabiting status,
the crude difference reduced around 2011, when more
detailed clinical guidelines were implemented in Denmark.
Our results indicate that new guidelines might reduce
inequality in OAC initiation and that new, high-cost drugs
increase inequality.

INTRODUCTION

Atrial fibrillation (AF) is the most common
cardiac arrhythmia of clinical importance and
an increasing clinical burden associated with
increased mortality and morbidity, especially

“ybuAdoo Aq parosroid 1sanb Aq Tz0oz ‘v aung uo jwod fwg uadolwayy:dny wouy papeojumoq "Tz0z AelN TE Uo 6£8810-TZ0Z-uadolwag/9eTT 0T Se paysignd isiiy :uado NG

Strengths and limitations of this study

» This is a large nationwide study based on all patients
with incident atrial fibrillation registered at hospitals
in Denmark with high risk of stroke (N=154 448).

» The study examines the socioeconomic trends in
oral anticoagulation treatment for patients with atri-
al fibrillation over a long time period (1999-2016).

» The study uses individual-level socioeconomic
factors.

» The study evaluates and indicates potential caus-
es of socioeconomic differences; however, it is of
observational design and true causality cannot be
determined.

» Although Danish nationwide registers in general are
of high quality, some limitations might occur and
many clinical observations are not available in the
registers.

related to heart failure and stroke.' Oral anti-
coagulation (OAC) therapy is important for
patients with AF as it prevents stroke, and
current European guidelines recommend
OAC to majority of patients with AF, except
for those with very low risk of stroke.” Despite
these recommendations, OAC still tends to
be underused in patients with AF and high
risk of stroke. A systematic review from 2010
found that 25 out of 29 studies with patients
with prior stroke or transient ischaemic attack
showed that these patients were undertreated
(defined as treatment level below 70% of
the population).” The factors that influence
this are not fully known, but socioeconomic
factors (SEFs) may be of importance.
Previous literature on SEFs and OAC
therapy for stroke prevention in patients
with AF shows varying results, and no study
has, to our knowledge, examined temporal
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changes in treatment inequalities and the impact of clin-
ical guidelines.

The aim of this study was to examine the association
between different levels of SEFs and the initiation of OAC
therapy according to guidelines in a population of Danish
patients with AF between 1999 and 2016. We hypothesised
that patients with AF living alone and with low income
and low education received less guideline-recommended
OAC therapy for AF and that the socioeconomic differ-
ences have been reduced when new guidelines were
published throughout the years.

METHODS

Data source

This is a register-based nationwide study using different
registers accessed through Statistics Denmark.” The
Danish National Patient Register contains information
about diagnoses, which are coded using the Eighth Inter-
national Classification of Diseases (ICD-8) until 1993
and the ICD-10 from 1994 and hereafter.”” The National
Prescription Registry holds information on drugs
dispensed, which are identified by the Anatomical Thera-
peutic Chemical (ATC) classification system code.® Danish
registers on personal income and transfer payments keep
information about the Danish populations’ income,” and
the Danish education registers hold information about
educational status.'’ All Danish residents have a personal
identification number (‘CPR-number’) which allows
linkage between all the registers."'

Study population

All Danish residents aged =30 years with an incident
hospital diagnosis of AF or atrial flutter between 1 May
1999 and 2 October 2015 were identified in the Danish
National Patient Register as ICD-10 code 148 (AF or atrial
flutter) and included in this study. The study started in
1999 because, to our knowledge, the first official Euro-
pean Society of Cardiology guideline was published in
1998." We excluded all patients with low and moderate
risk of stroke as there is no definite indication for OAC
in these groups. The study population of patients with
high risk of stroke was determined based on the Euro-
pean recommendations/guidelines the respective year a
patient was included, more specifically in 1998,'* 2001,"
2006, 2010" and 2012."° For example, in 2012, low
risk of stroke was defined as CHA,DS,-VASc (Congestive
heart failure/left ventricular dysfunction, Hypertension,
Age 2 75 years old [2 points], Diabetes mellitus, Stroke/
transient ischemic attack/thromboembolism [2 points],
Vascular disease, Age 65 to 75 years old, Sex category
[female sex 1 point])17 of 0 for men and 1 for women,
moderate risk of stroke was defined as CHA,DS,-VASc 1
for men (whereas women could not have moderate risk of
stroke), and high risk of stroke was CHA,DS,-VASc 22 for
men and women.'® In this study, guidelines were consid-
ered to be updated by 1 May the year following publica-
tion due to a time delay from publication of European

guidelines to implementation in Denmark. Each time a
guideline was updated, the definition or risk factors and
recommended treatments were changed. Further expla-
nation and the specific classification of risk of stroke for
each year are available in online supplemental material
S1. Furthermore, we excluded all patients with missing
information on income, cohabiting status and place of
residence or patients with valvular AF.

Income, education and cohabiting status

The SEFs used as exposure in this study were income,
level of education and cohabiting status measured at base-
line. We used data on the equalised household income,18
and to account for changes in salaries over time and age
we split it into age-specific (b-year intervals) and entry
year-specific (every second year) tertiles. If income was
missing in the year of inclusion, income from the previous
year was used. We used the distribution of income in the
general population of Danish residents (230 years) (and
not only the AF population of this study) when defining
the income tertiles.

The division of education was split into date-of-birth
cohorts of those born before <1965 and after 21966 as
access to education has changed with birth cohorts."
The year 1965 was chosen as cut-off date based on the
distribution of educational status in the whole popula-
tion. We divided education into low (no registered educa-
tion, primary education, lower secondary education),
medium (upper secondary education programmers and
short-cycle tertiary education for those born <1965, and
for those born 21966 a bachelor’s degree or similar was
also considered as medium education) and high (for
those born <1965, bachelor’s degree, master’s degree and
doctor’s degree were considered as high education, and
for those born 21966 only master’s degree and doctor’s
degree were considered as high education). For further
details on education, please see online supplemental
material S2. Cohabiting status was divided into living ‘not
alone’ or ‘alone’.

0AC therapy initiation

Initiation of OAC was defined as at least one prescrip-
tion of vitamin K antagonist (VKA) or novel oral antico-
agulant (NOAC) within -30 to +90 days of baseline (AF
diagnosis). The time window started 30 days before the
AF diagnosis as some patients are diagnosed by a general
practitioner and therefore initiated OAC treatment at the
time they are first time seen at the hospital,”” and the time
frame of 90 days after was chosen as it is used in other
similar studies.”!

Patients who claimed a prescription of both NOAC
and VKA on the same day after baseline or both within
baseline were counted as being initiated with NOAC.
No other anticoagulation regimens other than VKA and
NOAC s were investigated in this study. The specific ATC
codes used are available in online supplemental material
S3.
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Covariates

Place of residence was classified into urban, interme-
diate, rural and peripheral municipalities™ as previously
described.” The same classification was used the whole
study period. Information on comorbidities and medi-
cation was divided into present or not present based
on ICD-8/10, ATC and surgical/procedure codes (the
specific ICD and ATC codes are available in online
supplemental material S3), and included heart failure,
hypertension, diabetes mellitus (DM), ischaemic stroke/
transient ischaemic attack (TIA)/systemic embolism
(SE), myocardial infarction (MI), ischemic heart disease
(IHD), thyrotoxicosis, peripheral artery disease (PAD)/
aortic plaque, renal disease, liver disease, bleeding, alco-
holism, non-steroidal anti-inflammatory drug (NSAID),
antiplatelet drugs, venous thromboembolism (VTE), and
hip and knee arthroplasty. Risk of stroke and risk scores
such has CHA,DS-VASc and HAS-BLED (Hypertension,
Abnormal renal/liver function, Stroke, Bleeding, Labile
INR [international normalized ratio], Elderly, Drugs/
alcohol) ** score were defined according to guidelines/
recommendations the specific year they were included'*™"°
(online supplemental materials S1 and S3).

Statistics

Baseline characteristics of participants were presented
by mean and SD for continuous variables, and for cate-
gorical variables we used counts and percentages (%).
Normal distribution of continuous variables was checked
with histograms and Q-Q plots. Figures were constructed
showing OAC initiation over time according to educa-
tion, income and cohabiting status. The crude figures
were constructed with counting, whereas the age-adjusted
curves show the predicted percentages of initiation of
OAC for a 78year-old patient, calculated from a model
with interaction between enter year, exposure and age.
Age 78 was chosen as this is the mean age of the partici-
pants. A generalised linear regression model was used to
estimate the absolute risk of being initiated with OAC.
We chose to use risk differences (RDs) as the measure
of association when comparing different socioeconomic
groups (eg, living alone vs not living alone). We supplied
with robust standard errors to accommodate binary, non-
normal distributions of response variables.

The analyses included an unadjusted and three multi-
variable models. Model 1 was adjusted for age, which
enters the model as a restricted cubic spline with three
knots; model 2 included model 1 and other sociodemo-
graphic factors (education, income, cohabiting status
and place of residence); and model 3 included model
2 and confounding comorbidity and medication, which
varied with SEF and period. For income and cohabiting
status, this included in 1998-2001 heart failure, hyper-
tension, DM, ischaemic stroke/TIA/SE, MI, antiplatelet
drugs, VTE, and hip and knee arthroplasty; in 2001-2006,
heart failure, hypertension, DM, ischaemic stroke/TIA/
SE, MI, IHD, thyrotoxicosis, antiplatelet drugs, VIE, and
hip and knee arthroplasty; in 20062010, heart failure,

hypertension, DM, ischaemic stroke/TIA/SE, MI, IHD,
thyrotoxicosis, antiplatelet drugs, VIE, and hip and knee
arthroplasty; and in 2010-2012 and 2012-2016, heart
failure, hypertension, DM, ischaemic stroke/TIA/SE, MI,
PAD/aortic plaque, renal disease, liver disease, bleeding,
alcoholism, NSAID, antiplatelet drugs, VIE, and hip
and knee arthroplasty. For education, model 3 included
model 1 and model 2, and in 1998-2001 DM and VTE; in
2001-2006, DM, thyrotoxicosis and VTE; in 2006-2010,
DM, thyrotoxicosis and VTE; and in 2010-2012 and
2012-2016, DM, alcoholism, NSAID and VTE. The ratio-
nale behind the different models are available in online
supplemental material S4. We stratified the main results
on sex to account for potential effect modification.

We performed sensitivity analyses by excluding patients
without any registered education and another analysis
where the baseline was changes from date of admission to
date of discharge for AF diagnosis. We used STATA V.16.1
for statistical analysis.

Patient and public involvement statement
No patients were involved in this study.

RESULTS
A total of 258 086 patients were registered with an inci-
dent hospital diagnosis of AF between 1 May 1999 and 2
October 2015. Of these, 36 876 and 59 530 patients were
excluded due to low and medium risk of stroke, respec-
tively, as they had no definite indication for OAC. Further-
more, 2409 patients were excluded due to valvular AF
and 4823 patients were excluded due to missing variables
about exposure or covariates. In total, 154 448 patients
with non-valvular AF and high risk of stroke were included
in the final analysis. Online supplemental figure S5 shows
the identification of the study population in a flow chart.
Overall, 74 551 (48.3%) patients were initiated with
OAC, including 56 428 (36.5%) with VKA and 18 123
(11.7%) with NOAC, of whom 48 (0.0%) claimed a
prescription of VKA the same day or both within baseline.
Of the patients, 18 899 (12.2%) died during follow-up.
The use of OAC increased over time; 34.2% claimed a
prescription within -30/+90 days after the AF diagnoses
in 1999-2002, contrary to 40.1%, 41.2%, 54.5% and
67.7% in 2002-2007, 2007-2011, 2011-2013 and 2013-
2016, respectively.

Baseline characteristics

Table 1 shows the baseline characteristics. The mean
age was 78.2 years and 47.3% of the study population
were men. Low education was more common than high
education. Heart failure, ischaemic stroke, MI and isch-
aemic heart disease were more common in the earliest
years, while hypertension was the most common condi-
tion overall. We performed sensitivity analyses where we
excluded patients not registered as not having any educa-
tional status, which included 30 540 patients who were,
in general, older (mean age 87.9), mainly women (65%

Lunde ED, et al. BMJ Open 2021;11:€048839. doi:10.1136/bmjopen-2021-048839
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Period* 1999-2002 2002-2007 2007-2011 2011-2013 2013-2016 All

Men (%) 7961 (49.5) 24 884 (48.1) 11 938 (46.6) 12 172 (45.4) 16 057 (47.0) 73 012 (47.3)

Cases

NOAC, n (%) 0(0.0) 0(0.0) 18 (0.1) 4521 (16.9) 13 584 (39.8) 18123 (11.7)

Low 12 012 (74.7) 35910 (69.4) 16 227 (63.3) 14 650 (54.6) 17 272 (50.6) 96 071 (62.2)

High 983 (6.1) 3976 (7.7) 2306 (9.0) 3277 (12.2) 4697 (13.7) 15 239 (9.9)

Low 5458 (34.0) 17 665 (34.1) 9198 (35.9) 9415 (35.1) 12 344 (36.1) 54 080 (35.0)

High 4977 (31.0) 16329 (31.5) 7734 (30.2) 8277 (30.9) 10 348 (30.3) 47 665 (30.9)

Peripheral 1635 (10.2) 5446 (10.5) 2723 (10.6) 2861 (10.7) 3606 (10.6) 16 271 (10.5)

Intermediate 2495 (15.5) 7963 (15.4) 4066 (15.9) 4433 (16.5) 5530 (16.2) 24 487 (15.9)

Cohabiting status, n (%)

Not alone 9142 (56.9) 28 640 (55.3) 13711 (53.5) 15 293 (57.0) 19 575 (57.3) 86 361 (55.9)

Heart failure 3099 (19.3) 5587 (10.8) 3997 (15.6) 2127 (7.9) 2456 (7.2) 17 266 (11.2)

Diabetes mellitus 3246 (20.2) 6767 (13.1) 6819 (26.6) 4802 (17.9) 6463 (18.9) 28 097 (18.2)

Transient ischaemic attack 1409 (8.8) 2490 (4.8) 2227 (8.7) 1314 (4.9) 1750 (5.1) 9190 (6.0)

Myocardial infarction 2983 (18.6) 5531 (10.7) 2928 (11.4) 2272 (8.5) 2815 (8.2) 16 529 (10.7)

PAD or aortic plaque 1091 (6.8) 3055 (5.9) 2073 (8.1) 1712 (6.4) 2235 (6.5) 10 166 (6.6)

Abnormal liver function <10 <10 <10 <10 <10 <10

Alcoholism 283 (1.8) 1128 (2.2) 678 (2.6) 714 2.7) 1082 (3.2) 3885 (2.5)

Venous thromboembolism 120 (0.7) 367 (0.7) 277 (1.1) 301 (1.1) 383 (1.1) 1448 (0.9)

Concomitant medication

NSAID 4493 (28.0) 15 732 (30.4) 7259 (28.3) 7062 (26.3) 7417 21.7) 41 963 (27.2)
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Mean HAS-BLED (SD) 2.6 (0.9) 2.4(1.0) 3.0 (0.9) 2.6 (1.0) 2.5(1.0) 2.6 (1.0)

*The periods are from 1 May the following year a European guideline was published as there is normally some time from publication to implementation. For example, we used the
guideline published in 1998 from 1 May 1999. Please see online supplemental material S1 for further details.

tEducation is divided into low: <lower secondary education; medium: <short-cycle tertiary education (if birth year <1965) or <bachelor’s degree or similar (if birth year >1965); high:
>bachelor’s degree or similar (if birth year <1965) or >master’s degree or similar (if birth year >1965).

tIncome is divided into age-specific (5-year intervals) and enter year-specific (every second year) tertiles.

CHA,DS,-VASc, Congestive heart failure/left ventricular dysfunction, Hypertension, Age > 75 years old (2 points), Diabetes mellitus, Stroke/transient ischemic attack/thromboembolism
(2 points), Vascular disease, Age 65 to 75 years old, Sex category (female sex 1 point); HAS-BLED, Hypertension, Abnormal renal/liver function, Stroke, Bleeding, Labile INR
(international normalized ratio), Elderly, Drugs/alcohol; NOAC, novel oral anticoagulant; NSAID, non-steroidal anti-inflammatory drug; OAC, oral anticoagulant; PAD, peripheral artery
diseases.
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SEFs. To the right is the same age-adjusted graph for patients with AF 78 years of age. AF, atrial fibrillation; NOAC, novel oral
anticoagulant; OAC, oral anticoagulation; pt., patients; SEFs, socioeconomic factors; VKA, vitamin K antagonist.

vs 35%) and living alone (60% vs 40%) (online supple-
mental material S6, table S6a).

Initiation of OAC according to SEF

OAC initiation trends over time stratified by SEF

Figure 1 shows the percentage of patients with high risk
of stroke (which means they should have received OAC
according to guidelines of the specific year of inclusion)
who are being initiated with OAC. It shows that initia-
tion of OAC substantially increased over time, and that
patients with low education, low income and living alone
received less OAC in the form of VKA from 1999 to 2011.
However, this trend changed by introduction of NOAC
in 2011, and patients with low education and low income
received more or roughly the same treatment with VKA,

but the difference in OAC initiation between different
levels education and cohabiting status seemed to be
reduced around 2010-2011. The age-adjusted average
trend of OAC initiation for an average patient of 78 years
of age is shown in the right frame, indicating a smaller
difference.

Education and initiation of OAC stratified by guideline period

For men and women, patients with medium and high
education received more OACs compared with patients
with low education, and this inequality reduced with time.
For example, the crude RD (95% CI) in 2002-2007 for
women with high education (low education as a refer-
ence) was 14.3% (11.6 to 17.0), while in 2013-2016 this
reduced to 4.5% (2.4 to 6.7). After adjusting for age, the
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corresponding difference in OAC initiation in 2002-2007
reduced to 3.3% (0.6 to 6.0) and in 2013-2016 this was
0.8% (-1.4 to 3.0). The same trend was seen for men
and for NOAC; however, crude inequality increased from
5.7% (3.6 to 7.8) in 2011-2013 to 9.1% (6.9 to 11.4) in
2013-2016 for men and the same trend was seen for
women (tables 2 and 3).

Income and initiation of OAC stratified by guideline period

Men with low income received less OAC compared with
men with high income, but this trend was not substan-
tially changed with time or after adjusting for potential
confounders. For example, the crude RD (95% CI) for
men with the highest versus lowest income was 4.7% (2.1
to 7.3) in 1999-2002 and 5.8% (4.1. to 7.6) in 20132016,
and after adjusting for all potential confounders 3.9% (1.2
to 6.6) and 4.5% (2.6 to 6.4), respectively. For women, no
strong association between income and OAC was seen; for
example, the crude RD for women with the highestincome
was —1.3% (-3.9 to 1.2) in 1999-2002 and 1.7% (-0.0 to
3.4) in 2013-2016. For both men and women, there was
a substantial inequality for patients with low versus high
income in initiation of NOAC, and this inequality increased
with time (eg, crude RD for men with high income was
5.0% (3.3 to 6.6) in 2011-2013 and increased to 9.4% (7.6
to 11.2) in 2013-2016) (tables 2 and 3).

Cohabiting status and initiation of OAC stratified by guideline
period

Men and women living alone were less likely to receive
OAC and this trend slightly decreased from 2002-2007
to 2013-2016. For example, the crude RD (95% CI) for
men living alone versus not living alone in 2002-2007 and
2013-2016 was 10.2% (8.8 to 11.5) and 7.9% (6.3 to 9.4),
respectively. After adjusting for age, the RD (95 % CI)
in 2002-2006 and 2013-2016 was 6.0% (4.7 to 7.3) and
6.3% (4.8 to 7.9). A similar trend was seen for women.
For NOAC, there was a small inequality which slightly
increased with time for both men and women. In 2011-
2013, the crude RD (95% CI) for women was 1.5% (0.3 to
2.7) and in 2013-2016 was 4.1% (2.6 to 5.5), and for men
1.1% (0.3 to 2.5) and 4.1% (2.5 to 5.7), respectively. The
results were attenuated after adjusting for confounding
variables (tables 2 and 3).

Sensitivity analyses

Sensitivity analyses showed that after excluding those with
no education registered, the same trend between SEFs
and OAC was observed, but the magnitude of the associ-
ation was reduced and the difference was more constant
or increased (online supplemental material S6). When
using date of discharge as baseline instead of date of
admission, no change of any importance was seen in the
results (online supplemental material S7).

DISCUSSION
In this study we examined the association between
different levels of SEFs and the initiation of OAC therapy

according to guidelines in the period 1999-2016, and we
found that (1) patients with high income, high educa-
tion and not living alone were more often initiated with
guideline-recommended OAC treatment compared with
patients with low income, low education and living alone;
(2) guideline-recommended initiation of OAC therapy
substantially increased over time and there was a decrease
in the unadjusted educational inequality; and (3) the
observed inequality was strongly attenuated after adjusting
for age, indicating that age is an important confounding
variable in the relationship between SEFs and OAC treat-
ment. After adjusting for other sociodemographic factors
and comorbidity as well, the association was reduced even
more. (4) Patients with low income, low education and
living alone compared with patient with high income,
high education and not living alone received less NOAC
and this inequality increased with time.

Interpretation of the results

Previous research on SEFs and OAC treatment for patients
with AF has shown varying results as several studies found
no significant association.”* However, the mentioned
studies do not seem to have excluded patients with low
and moderate risk of stroke, which may have attenuated
the association as patients with low education and high
deprivation in general have more morbidity, and conse-
quently probably a higher stroke risk score and therefore
a more definite indication for OAC initiation. Further-
more, the studies did not examine the association over a
long time, and they were of relatively small sample sizes,
making them less comparable with our study.

We observed that low level of income, low level of
education and living alone were associated with a lower
chance of being initiated with NOAC and that the
inequality in NOAC initiation increased with time. Even
though drugs are partly reimbursed in Denmark, NOACs
are still more expensive compared with VKA, and this
seems to be an obvious cause of why NOACs are more
often used by patients with high income, high education
and not living alone. This explanation is strengthened by
the fact that high income was a strong SEF for patients
using NOAC. However, it does not explain the fact that
high-risk patients with AF with low level of education, low
income and living alone seemed to be undertreated with
OAC (NOAC or VKA), as VKA is cheap and should be
an alternative for everyone. As shown in figure 2, several
factors might have a role in the socioeconomic inequality
in OAC initiation. Physicians’ clinical judgement is known
to play an important role in OAC prescribing, and some
typical causes given for not initiating OAC drugs include
poor compliance, high bleeding risk and older age.”
It is paradoxical that OAC often is detained from older
patients as older age is one of the strongest risk factors for
stroke?; however, it might explain the large educational
inequality observed in our results as it was strongly atten-
uated after adjusting for age. Notwithstanding, one might
argue that age itself is a social variable as the social posi-
tion to some degree changes as one gets older. Also, it is
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Proportion OAC, low Model 2: age and Model 3: age, sociodemographic
SEP (%) Crude Model 1: age sociodemographic  and comorbidity

Education

Medium 13.8(104t017.1) 2.1 (-1.5t05.7) 2.3 (-1.3t05.9) 21 (-1.5t05.7)

2002-2007 31.9 (31.2 to0 32.5) Ref: low Ref: low Ref: low Ref: low

High 143 (11.61017.0) 3.3(0.6t06.0)  2.5(-0.3t05.4) 2.4(-05105.2)

Medium 102 (8.1t012.3)  1.9(-0.3t04.0) 2.5(0.3t04.7) 2.4 (0.2 to 4.6)

2011-2013 47.8 (46.8 to 48.9) Ref: low Ref: low Ref: low Ref: low

High 7.1 (4.4109.8) 0.6(-21t03.3) -0.2(-3.1t02.7) -0.4 (-3.3 10 2.5)

Medium 3.6 (2.1105.2) 0.5(-1.0t02.1) 0.9 (-0.7 to 2.5) 0.9 (-0.7 t0 2.5)

Income

Medium -3.0(-5.3t0-0.6) -1.0(-3.2t01.3) -0.7(-3.0t0 1.5) -0.9 (-3.2t0 1.3)

2002-2007 34.8 (33.8 t0 35.7) Ref: low Ref: low Ref: low Ref: low

High 0.2 (-1.2t0 1.7) 27(13t04.1)  3.0(1.6t04.4) 2.5 (1.1 10 4.0)

Medium 28(-47t0-0.9) -1.6(-3.4100.3) -1.0(-2.8100.8) ~1.1 (-2.9t00.7)

2011-2013 51.2 (49.9 to 52.5) Ref: low Ref: low Ref: low Ref: low

High 0.5 (-1.5t0 2.5) 2.0(-0.0t03.9) 3.4(1.2t05.5) 3.2(1.0t0 5.3)

Medium 0.1(-1.5101.7) 04(-1.2102.0) 1.2(-0.5t0 2.8) 1.1 (<05 to 2.7)

Cohabiting status

JybuAdoo Ag paroalold 1sanb Aq TZ0Z ‘v aunr uo jwod fwqg-uadolwgy/:dny wol) papeojumoqd "TZ0Z AeN TE U0 6£8810-TZ0z-uadolwa/9eTT 0T St payslignd 1si1y :uado CING

Not alone 8.6 (6.6 t0 10.6) 2.5 (0.4 to 4.5) 1.9 (-0.2 t0 3.9) 1.7 (0.3 t0 3.8)
20022007 307(00t0314)  Reflow  Reflow  Reflow  Reflw
Not alone 9.5 (8.3 10 10.6) 3.0(1.9t0 4.2) 2.4 (1.2 10 3.6) 2.4(1.2103.5)
20072011 319(30910329)  Refrlow  Reflow  Reflow  Reflow
Not alone 10.8 (9.1 to 12.4) 4.7 (3.0t0 6.3) 3.6(1.9t05.2) 3.4 (1.7 10 5.0)
20112018 46445310475  Reflow  Reflow  Reflow Reflow
Not alone 9.2 (7.6 t0 10.8) 3.7 (2.0t05.3) 2.5(0.9t0 4.2) 2.0 (0.4103.7)
20132016 622(61210631)  Reftlow  Reflow  Reflow  Reflow
Not alone 7.8 (6.4109.2) 4.5(3.1105.9) 3.5 (2.1105.0) 3.2 (1.8 to 4.6)
NoAC
Education
Continued
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Table 2 Continued

Proportion OAC, low

Model 2: age and

Model 3: age, sociodemographic

SEP (%) Crude Model 1: age sociodemographic  and comorbidity
2011-2013 15.5 (14.8 to 16.2) Ref: low Ref: low Ref: low Ref: low
Medium 4.0 (2.6t0 5.5) 2.6 (1.1to4.1) 1.7 (0.1t0 3.2) 1.7 (0.2 t0 3.3)
High 5.6 (3.5t07.8) 4.2 (2.0t0 6.4) 2.7 (0.4t0 5.0 2.7 (0.3t0 5.0
2013-2016 38.7 (37.7 to 39.6) Ref: low Ref: low Ref: low Ref: low
Medium 4.7 (3.11t0 6.3) 3.5(1.8t05.2) 2.2(0.4t03.9) 2.0 (0.3t0 3.8)
High 8.6 (6.4 t0 10.9) 7.1 (4.8 10 9.5) 4.7 (2.3107.2) 4.5(2.0t07.0)
Income
2011-2013 15.9 (15.0to 16.9) Ref: low Ref: low Ref: low Ref: low
Medium 0.8 (-0.6 to 2.2) 1.2 (-0.3t0 2.6) 0.6 (0.8 to 2.0) 0.5 (0.9 to 1.9)
High 3.4 (1.8105.0) 3.8(2.2t05.4) 2.4 (0.7to 4.1) 2.1(0.4t03.9)
2013-2016 38.6 (37.5 to 39.8) Ref: low Ref: low Ref: low Ref: low
Medium 2.2(0.6t03.9) 2.4 (0.8to4.1) 1.6 (-0.1t0 3.3) 1.5(-0.2t0 3.2)
High 6.2 (4.4 t0 8.1) 6.6 (4.8 to 8.4) 4.1 (2.1t06.1) 3.4 (1.4t05.4)
Cohabiting status
2011-2013 16.4 (15.6 to 17.3) Ref: living alone Ref: living alone Ref: living alone Ref: living alone
Not alone 1.5(0.3t02.7) -0.0(-1.3t01.2) 0.1(-1.2to 1.4) -0.1(-1.4to 1.1)
2013-2016 39.1 (38.1 to 40.1) Ref: living alone Ref: living alone Ref: living alone Ref: living alone
Not alone 4.1 (2.6t05.5) 2.5(1.0t0 4.0) 2.5(1.0to0 4.0) 2.0 (0.5t03.5)

Education: crude: the unadjusted analysis. Model 1: adjusted for age. Model 2: adjusted for sociodemographic factors: model 1, household income,
cohabiting status and place of residence. Model 3: adjusted for model 1, model 2 and 1998-2001: diabetes mellitus and VTE; 2001-2006: diabetes
mellitus, thyrotoxicosis and VTE; 2006-2010: diabetes mellitus, thyrotoxicosis and VTE; 2010-2012: diabetes mellitus, alcoholism, NSAID and VTE;
2012-2016: diabetes mellitus, alcoholism, NSAID and VTE.

Income: crude: the unadjusted analysis. Model 1: adjusted for age. Model 2: adjusted for sociodemographic factors: model 1, education, cohabiting
status and place of residence. Model 3: adjusted for model 1, model 2 and 1998-2001: heart failure, hypertension, diabetes mellitus, ischaemic
stroke/TIA/systemic embolism, myocardial infarction, antiplatelet drugs, VTE, and hip and knee arthroplasty; 2001-2006: heart failure, hypertension,
diabetes mellitus, ischaemic stroke/TIA/systemic embolism, myocardial infarction, ischemic heart disease, thyrotoxicosis, antiplatelet drugs, VTE,

and hip and knee arthroplasty; 2006-2010: heart failure, hypertension, diabetes mellitus, ischaemic stroke/TIA/systemic embolism, myocardial
infarction, ischemic heart disease, thyrotoxicosis, antiplatelet drugs, VTE, and hip and knee arthroplasty; 2010-2012: heart failure, hypertension,
diabetes mellitus, ischaemic stroke/TIA/systemic embolism, myocardial infarction, peripheral artery disease/aortic plaque, renal disease, liver
disease, bleeding, alcoholism, NSAID, antiplatelet drugs, VTE, and hip and knee arthroplasty; 2012-2016: heart failure, hypertension, diabetes
mellitus, ischaemic stroke/TIA/systemic embolism, myocardial infarction, peripheral artery disease/aortic plaque, renal disease, liver disease,
bleeding, alcoholism, NSAID, antiplatelet drugs, VTE, and hip and knee arthroplasty.

Cohabiting status: the same models as for income.

NOAC, novel oral anticoagulant; NSAID, non-steroidal anti-inflammatory drug; OAC, oral anticoagulation; Ref, reference; SEFs, socioeconomic
factors; SEP, socioeconomic position; TIA, transient ischaemic attack; VKA, vitamin K antagonist; VTE, venous thromboembolism.

well known that patients with low level of education and
high deprivation in general tend to have more comor-
bidity.* Hence, it is possible that some of the socioeco-
nomic inequality observed in our result is confounded or
mediated through other factors simply because patients
with low level of education, low income and living alone
were older, sicker and had more polypharmacy. This
assumption is also strengthened by the fact that the asso-
ciation was strongly attenuated after adjusting for age,
comorbidity and other drugs (tables 2 and 3).

Also, patients with low education and low income tend
to have low health literacy’' and potentially poor compli-
ance, and it is possible that the physician has prescribed
an OAC, but that the patient never claimed it (our data
only register fulfilled prescriptions) because they, for
example, did not understand the importance of OAC for
stroke prevention for patients with AF and high risk of
stroke. More focus on patient information and education

could be a target for public health authorities in order to
avoid this potential issue.

Our results also showed that the overall OAC use has
improved over time and that VKA was replaced by NOAC
as the most prescribed OAC, which is also consistent with
previous studies.”’ **

However, we also found that the unadjusted socioeco-
nomic inequality in OAC treatment reduced over time,
which, to our knowledge, has not been shown before.
However, a similar trend has been seen in other diseases;
for example, a Danish study found increased use of coro-
nary angiography (CAG) on day 1 and day 3 for patients
with NSTEMI (non-ST-segment elevation myocardial infarc-
tion) across all educational groups along with reduced
inequality. They suggested that implementation of clinical
guidelines ensured more uniform treatment for all patients
with NSTEMI, and that this, among other things, may have
decreased the educational inequality they found in access
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Proportion OAC, Model 2: age and Model 3: age, sociodemographic
low SEP (%) Crude Model 1: age sociodemographic and comorbidity

Education

Medium 14.4 (12010 16.9) 4.5 (1.8 0 7.3) 4.0(1.2t06.8) 41 (1310 6.8)

2002-2007 40.4 (39.6 to 41.2) Ref: low Ref: low Ref: low Ref: low

High 14.9 (12.81016.9) 5.8 (3.6 t0 7.9) 3.0(0.7 t0 5.2) 2.8 (0.5 10 5.0)

Medium 8.5 (6.6 to 10.4) 2.1(0.2t0 4.1) 2.0 (~0.0 to 4.0) 1.9 (0.1 t0 3.9)

2011-2013 55.4 (54.0 to 56.7) Ref: low Ref: low Ref: low Ref: low

High 5.9 (3.3 to 8.6) 13(-1.4103.9) -1.1(-4.0t01.7) -1.3 (-4.110 1.5)

Medium 3.8 (2.3 105.4) 15(-0.0t03.1)  1.2(-0.3t02.8) 1.2 (-0.4 t0 2.8)

Income

Medium 2.8 (0.2 to 5.4) 2.8 (0.2 t0 5.3) 2.8 (0.2 to 5.4) 2.5 (-0.1 t0 5.0)

2002-2007 43.9 (42.8 to 44.9) Ref: low Ref: low Ref: low Ref: low

High 5.1 (3.6 to 6.6) 5.8 (4.4 10 7.3) 5.4 (3.8 t0 6.9) 4.8 (3.2 10 6.3)

Medium 1.8 (-0.4 to 4.0) 1.8(-0.3t03.9) 2.1 (-0.1t04.2) 2.1 (-0.110 4.2)

2011-2013 54.9 (563.3 to 56.5) Ref: low Ref: low Ref: low Ref: low

High 6.4 (4.3 to 8.6) 6.8 (4.7 t0 8.8) 8.4 (6.1 10 10.6) 6.6 (4.4 t0 8.9)

Medium 2.7 (0.9 to 4.4) 2.5 (0.7 t0 4.2) 2.8 (1.0to 4.6) 2.0 (0.3t0 3.7)

Cohabiting status

JybuAdoo Ag paroalold 1sanb Aq TZ0Z ‘v aunr uo jwod fwqg-uadolwgy/:dny wol) papeojumoqd "TZ0Z AeN TE U0 6£8810-TZ0z-uadolwa/9eTT 0T St payslignd 1si1y :uado CING

Not alone 8.5(6.21t0 10.8) 49((2.7t07.2) 4.4(211086.7) 4.0(1.71t06.2)
20022007 338(3781039.9) Reflow  Reflow  Reflow  Reflow
Not alone 10.2 (8.8 to 11.5) 6.0 (4.7 0 7.3) 5.4 (4.1106.7) 5.4 (4.1106.7)
20072011 415@0010430) Reflow  Reflow  Reflow Reflow
Not alone 7.8(5.9109.7) 53(3.51t07.2) 4.5 (2.7 10 6.4) 4.2 (2.3106.0)
20112018 536(62010552) Refilow  Reflow  Reflow  Reflow
Not alone 7.8(5.9109.7) 4.8 (2.9 10 6.6) 3.8(1.9t05.6) 2.9(1.0t0 4.7)
20132016 645(63210658) Reflow  Reflow  Reflow  Reflow
Not alone 7.9 (6.3109.4) 6.3 (4.8107.9) 5.6 (4.0 to 7.1) 4.6 (3.1t06.2)
NoAC
Education
Continued
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Table 3 Continued

Proportion OAC,

Model 2: age and

Model 3: age, sociodemographic

low SEP (%) Crude Model 1: age sociodemographic and comorbidity
2011-2013 14.6 (13.6 to 15.5) Ref: low Ref: low Ref: low Ref: low
Medium 2.8(1.4t04.2) 1.7 (0.2 to 3.1) 0.8 (0.7 to 2.2) 0.6 (0.8 to 2.1)
High 5.7 (3.6 t0 7.8) 4.7 (2.6 t0 6.9) 2.0(-0.3t04.3) 1.9 (-0.4 to 4.1)
2013-2016 35.3 (34.2 t0 36.5) Ref: low Ref: low Ref: low Ref: low
Medium 3.5(1.9to5.1) 2.4 (0.8to4.1) 0.9 (-0.7 to 2.6) 0.9 (-0.8 to 2.5)
High 9.1 (6.9to 11.4) 8.2 (5.9t0 10.5) 3.3(0.8t05.8) 3.2(0.7t05.7)
Income
2011-2013 14.4 (13.3to 15.5) Ref: low Ref: low Ref: low Ref: low
Medium 1.3(-0.3t02.8) 1.2(-0.4t02.7) 1.0 (-0.6 to 2.6) 0.5 (-1.0to 2.1)
High 5.0 (3.3t0 6.6) 5.2 (3.6 10 6.8) 4.0(2.21t05.7) 3.1(1.4t04.9)
2013-2016 34.1 (32.9 to 35.4) Ref: low Ref: low Ref: low Ref: low
Medium 2.8(1.0t04.7) 2.8(1.0t0 4.6) 2.3(0.5t04.2) 1.8 (0.0to 3.6)
High 9.4 (7.6t011.2) 9.6 (7.8to 11.4) 7.6 (5.6 t0 9.6) 6.0 (3.9t0 8.0)
Cohabiting status
2011-2013 15.8 (14.6 to 16.9) Ref: living alone Ref: living alone Ref: living alone Ref: living alone
Not alone 1.1 (-0.3t0 2.5) 0.5(-1.0t0 1.9) 0.2 (-1.2t0 1.6) -0.2(-1.6t01.2)
2013-2016 35.5 (34.2 to 36.8) Ref: living alone Ref: living alone Ref: living alone Ref: living alone
Not alone 41(2.5t05.7) 3.3(1.71t04.9) 2.7(1.1t04.3) 2.0 (0.4 t0 3.6)

The same models as in table 2.

NOAC, novel oral anticoagulant; OAC, oral anticoagulation; Ref, reference; SEFs, socioeconomic factors; SEP, socioeconomic position; VKA, vitamin

K antagonist.

to CAG.*® A similar scenario might be the case in relation
to SEFs and OAC treatment for patients with AF. The intro-
duction of a simple and uniform stroke risk stratification

score, such as the CHAQDS{VASC score, might have contrib-
uted to more equal treatment for AF which is observed in
our results.

Education

Patient education and information ’—

Drug price

Patient related factors

Initiation of NOAC

Socioeconomic
position

Physician related factors

——

Cohabiting status

{ Other sociodemographic variables: |
Comorbidity I 7' Guidelines and focus on treatment |
Age

{ Sex

Figure 2 Hypothesised pathways and relevant variables associated with the association between SEP and OAC initiation.
SEP is indicated by, for example, education, income and cohabiting status. Furthermore, other variables such as sex, age
and comorbidity may also influence the SEP a person has. The intermediate step of how SEP is associated with initiation of
OAC may be mediated through patient-related factors such patients’ attitude towards OAC, patients who forget to dispense
prescriptions or patients who do not understand why they should take OAC. Patient education and information may reduce
patient-related factors limiting use of OAC. Physician-related factors include physicians’ attitude towards OAC, physicians’
knowledge and understanding of guidelines, physicians overestimating (or in some cases correctly estimating) bleeding

risk due to, for example, older age and multimorbidity, and physicians intentionally or unintentionally discriminating patients
with low SEP or factors associated with low SEP. Precise, simple and unambiguous guidelines might help reduce physician-
related factors in the barrier to initiating OAC. Drug price may be related to low income and therefore less likelihood of being
initiated with NOAC. NOAC, novel oral anticoagulant; OAC, oral anticoagulation; SEP, socioeconomic position; VKA, vitamin K
antagonist.
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Systematic inequality in treatment is a concern which
should be acted on and reduced in a welfare society such
as Denmark.

Future research should explore the causes of socioeco-
nomic differences in initiation of OAC, including if the
reasons are patientrelated (not claiming the prescrip-
tion) or physician-related (not prescribing). The latter
can potentially be reduced with simple and unambig-
uous guidelines, while the first can be reduced with, for
example, patient education and information.

Strengths and limitations

This study has some limitations which should be noted
when interpreting the results. First, although Danish
register data in general are of good quality, a large propor-
tion of the oldest patients are not registered with any
education, possibly because they do not have any formal
education, but it may also be because it is missing in the
register, especially because the validity of educational
status is limited for patients born before 1921.%* However,
we did not exclude patients with no educational status
registered in our main results as this introduces a large
selection bias into our population where older, probably
poorer educated and mostly women would be excluded
(online supplemental table S6a). Another limitation is
that it is important to notify that we cannot discriminate
if the cause of not being on OAC is ‘patient related’ or
‘physician related’ factors, as we can only see prescrip-
tions which are claimed. Hence, we do not know if the
patients were not initiated because they did not claim the
prescription or because the physician did not prescribe
it. Another consideration is that the true risk of stroke
may vary beyond what is registered in this study as there
is varying validity of the diagnoses used to classify risk of
stroke (online supplemental material S3). Furthermore,
there may be clinical and/or patientrelated factors influ-
encing OAC initiation that are not available in the regis-
ters. One example is cases of postoperative AF where
clinicians may have estimated that OAC was not beneficial
for the specific patient. Lastly, even though the validity of
the AF/atrial flutter diagnosis is good (positive predictive
value found to be 93%” and 99%), it is important to
note that we were only able to include hospital-registered
patients with AF. Some patients with AF might be diag-
nosed and treated by their general practitioner and
therefore never registered in the register. However, it is
possible that most patients with AF will be referred to the
hospital for, for example, direct current conversion or
echocardiography.”

A great strength of this study is the large sample size
and nearly complete follow-up from Danish registers.’
We have stratified the patients according to stroke risk
the respective year they were included and accounted
for difference in applying guidelines, used different SEFs
and adjusted for a variety of potential confounders which
may have influenced the result. We also accounted for
almost all pitfalls when using income as an indicator by
using equivalised family income to account for size of

the family, enter year to account for inflation, and age
to account for the difference in income for older versus
younger persons. Another great strength of this study is
that all the socioeconomic data we used are individual-
level data and not area-based.

CONGCLUSION

Low level of income, low level of education and living
alone were associated with lower chance of being initi-
ated with OAC, and for education and cohabiting
status the crude difference reduced around 2011 when
more detailed clinical guidelines were implemented in
Denmark. Our results indicate that specified guidelines
might reduce inequality in OAC initiation and that new,
high-cost drugs may increase inequality.
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