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Aims Atrial fibrillation (AF) is a common arrhythmia associated with reduced quality of life that can lead to serious complications
such as stroke and heart failure. Ablation is a safe and effective treatment for AF but is not offered equally to all patients. The
aim of this study is to identify demographic groups more or less likely to undergo AF ablation.

Methods All patients with newly diagnosed AF between 2010 and 2018 were identified in the Danish nationwide registries. The as-

and results sociation between gender, age, level of education and attachment to the job market, and the likelihood of receiving AF ab-
lation was investigated using multivariable Cox proportional hazard analysis. Cumulative incidence was calculated using the
Aalen—Johansen estimator. A total of 176 248 patients were included. Men were more likely to receive ablation than women
(7% vs. 3%). Patients aged 25-44 and 45-64 were most likely to receive ablation, while only 0.7% of patients aged 80 or
above received ablation. The rate of ablation significantly decreased with decreasing level of education. Full-time employed
patients were most likely to receive ablation, followed by self-employed, unemployed, on sick leave, undergoing education,
and early retired patients. Retired patients were the least likely to receive ablation (3%).

Conclusion This study found that women, older patients, patients with lower levels of education, and patients on social benefits are less
likely to receive AF ablation. These findings suggest that there are significant social and economic disparities in AF ablation
treatment in Denmark.
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Graphical Abstract

Disparities in access to atrial fibrillation abl
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Design

Danish nationwide registry-based cohort
study, including all patients with first-time
atrial fibrillation from 2010 to 2018

Gender? Education?

Who gets ablated -

who neglected?

What’s new?

® Socioeconomic factors: Education level, employment status, and
other socioeconomic factors were shown to significantly influence
the likelihood of receiving atrial fibrillation (AF) ablation, with higher
education being associated with increased rates of ablation.

® Age-related trends: Older age groups were less likely to receive AF
ablation, highlighting a potential age bias in clinical decision-making
despite the increasing prevalence of AF with age.

® Gender disparities: The analysis revealed gender disparities in AF ab-
lation rates, with women being less likely to undergo the procedure
compared to men, suggesting potential gender-based differences in
treatment approaches.

® |mpact of comorbidities on ablation likelihood: The study identifies
that patients with ischaemic heart disease, chronic kidney disease,
and other significant comorbidities were less likely to undergo AF
ablation, suggesting potential hesitancy in offering ablation to more
complex patients. Notably, however, patients with prevalent heart
failure were more likely to undergo AF ablation.

Introduction

Atrial fibrillation (AF) is the most common arrhythmia worldwide and
associated with increased risk of cardiovascular and thrombotic compli-
cations.”” Other than the well-established association between AF and
cardiovascular morbidity and mortality, the presence of symptomatic
AF has been shown to affect patients perceived quality of life (QoL),
mental health, and cognitive function.>™

Radiofrequency ablation and cryoballoon ablation have been proven
as safe, viable, and effective treatment options for patients with AF and
are increasingly being offered as first-line therapy.m’12

Despite significant advances in the field of ablation and the
increasingly prominent role of the procedure within AF treatment
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To determine which groups of atrial
fibrillation patients are more likely than
others to be treated with ablation in
Denmark

Age?

=

Employment?
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regional disparities in availability, patient profile and therapeutic strat-
egy remain prevalent.”

Factors such as gender, income, and educational level have been de-
scribed to influence therapeutic decision-making within cardiovascular
disease.""* Several studies examining these disparities have highlighted
the negative effects on outcome and QoL these decisions can have.'®~"8

Given the importance of optimal AF treatment and the prominence
of AF ablation in international guidelines and clinical practise, examina-
tions into the factors influencing the clinical decision-making process, of
who to ablate and at what time, are warranted. Therefore, this study
was designed to determine which groups of AF patients were more
likely than others to be treated with AF ablation in Denmark.

Methods
Study population and design

Thais study was designed as a nationwide registry-based cohort study. All
Danish patients of 18 years or more, diagnosed with first-time AF
(International Classification of Disease, 10th revision (ICD-10): 148) be-
tween 1 January 2010 and 31 December 2018, both inpatient and out-
patient, were included at the time of diagnosis.

Outcome of interest
Atrial fibrillation ablation was defined by procedure codes BFFO3 and BFFO4.

Data sources

This study was based on several nationwide registers: The Danish National
Patient Register,'” The Civil Registration System,?® The Danish Registry of
Medicinal Product Statistics,”" and databases provided by Statistic Denmark
on employment status and level of education, more specifically the module
on labour market classification®® and the module on the classification of
education. These nationwide registers were cross-linked on the individual



Disparities in the access to AF ablation in Denmark

level using the unique permanent identification number given to all Danish
residents at birth or migration.

Variables

Variables analysed were gender, patient age, level of education, employment
status, and prevalence of common comorbidities. For the purpose of com-
parative analysis, patients were divided into one of groups by age: age 24
years or younger, age 25-44, age 45-64, age 6579, and 80 years or above.
Likewise patient level of education was classified by the highest level of edu-
cation achieved by time of inclusion. These categories were as follows: basic
school education, high school/vocational training, and non-university higher
education; university: bachelor’s degree; university: master’s degree; and
university: PhD/Doctorate. Patients without registered level of education
were classed as unknown/other.

To evaluate the impact of attachment to the job market, patients were
classed in accordance with their level of employment at time of AF diagno-
sis. Patients could be classed as employed, self-employed, undergoing edu-
cation, unemployed, on sick leave, early retired, and retired. Patients
without registered level of employment were classed as unknown/other.

Comorbidities analysed included heart failure, ischaemic heart disease
(IHD), ischaemic stroke, chronic kidney disease (CKD), hypertension, and
chronic obstructive pulmonary disease and were registered 5 years before
study inclusion. ICD-10 codes used for these comorbidities are provided in
Supplementary material online, Table S1.

Concomitant pharmacotherapy at baseline was defined as any claimed
prescription 180 days prior to the date of study inclusion. Medications in-
cluded in the analysis were beta-blockers, calcium channel blockers, re-
nin—angiotensin system inhibitors, loop diuretics, spironolactone, oral
anticoagulant therapy, digoxin, and amiodarone. Oral anticoagulant com-
prised warfarin, phenprocoumon, dabigatran, rivaroxaban, apixaban, and
edoxaban. ATC codes used for these pharmaceuticals are provided in
Supplementary material online, Table S2.

Statistical analysis

Descriptive tables were employed to describe the study population and co-
morbidities, level of education and employment with continuous variables re-
ported as medians and interquartile ranges [IQRs], and categorical variables
summarized with counts and corresponding percentages. The cumulative inci-
dence of AF ablation was calculated utilizing the Aalen—Johansen estimator and
death accounted for as a competing risk factor. Multivariable Cox proportional
hazard analysis was used to examine the association between gender, age
group, level of employment and education, and comorbidities in newly diag-
nosed AF patients and their likelihood of undergoing AF ablation. Results are
reported in form of hazard ratios (HRs) with 95% confidence interval (CI). A
two-sided P-value of <0.05 was considered significant.

Statistical analysis and programming were conducted using R statistical
software.

Ethics

According to Danish legislation, retrospective studies using administrative
health databases do not require ethical approval in Denmark. The Danish
Data Protection Agency has approved the use of registry data, and the cur-
rent project is registered (approval number: P-2019-408).

Results

Demographics

During the observation period, a total of 176 248 patients with newly
diagnosed AF were identified and included in the study. Median age
at time of inclusion was 74 years (IQR 66, 82), and 79 222 (45%) of
the cohort were women.

In term of education, 40% of patients in the cohort had only finished
basic school education and 36% had finished high school or vocational
training. A bachelor’s degree was attained by 11% of patients and mas-
ter’s degree by 5%, and <1% had finished a PhD or doctorate degree.
Further 3% were classified as having a non-university higher education,

and a further 6% had an education status that was either unknown or
otherwise not characterized.

Most patients were retired at time on inclusion (76%), while 15%
were full time employed, 2% classed as self-employed and 4% early re-
tired. Less than 1% of patients included were either registered as being
on sick leave, undergoing education or as unemployed, while for 2% of
the cohort, their employment status was unknown.

All these observations are summarized in Table 1.

Atrial fibrillation ablation by gender

Analysing the rate of patients who went on to receive AF ablation re-
vealed a striking disparity between genders. Over the observation per-
iod, 7% of men were ablated, while this was only the case for 3% of
women (Figure 1).

In multivariable Cox proportional hazard analysis, the HR for women
for receiving ablation was valued at 0.69 [95% Cl (0.65-0.72)], indicating
a significantly lower likelihood of women to be treated with AF ablation
compared with men (Figure 2).

Atrial fibrillation ablation by age

This analysis showed a clear trend of patients aged 25-44 and 45-64
being most frequently offered AF ablation, with 16% and 17% of these
groups respectively undergoing the procedure. At a rate of 8%, patients
aged 24 or lower were offered ablation, while this was the case for 4%
of patients aged 65-79. The lowest rate was seen in those aged 80 or
above with <1% being ablated for AF (Figure 3).

These findings were also reflected in multivariable Cox proportional
hazard analysis. With patients aged 24 or below were taken as a
reference group. Those aged 25-44 had a HR of receiving ablation of
1.18[95% CI (1.06—1.32)] while this was 1.52 [95% CI (1.41-1.65)] for pa-
tients aged 45—64 years. Lower HRs were observed for patients between
65and 79 years with 0.70 [95% CI (0.65-0.76)] as well as for those aged 80
or above with 0.07 [95% CI (0.06-0.09)] (Figure 2).

Atrial fibrillation ablation by level

of education

Level of education was another factor that revealed significant disparities
between groups. The lowest rates of AF ablation were observed among
patients who had only received basic school education as well as those
with an unknown or classed other level of education at around 2%
each. Increasingly higher rates were seen for those who had finished
high school or vocational training at 7%, while 9% of patients with a uni-
versity bachelor’s degree were ablated and 10% with a non-university
higher education. Of those patients with a complete master’s degree,
11% were ablated while by far the highest rate was observed among pa-
tients with a PhD or doctorate title with 22% in this group receiving AF
ablation (Figure 4).

In Cox proportional hazard analysis, patients with only basic school
education were taken as a reference group. This analysis revealed in-
creasing HR with increasing level of education, starting with 1.37 [95%
ClI (1.29-1.45)] for patients with finished high school education or voca-
tional training, 1.53 [95% CI (1.37-1.70)] for those with a non-university
higher education, 1.55 [95% Cl (1.44—1.67)] for patients with a university
bachelor’s degree, 1.67 [95% Cl (1.53-1.83)] with a master’s degree, and
finally 2.05 [95% CI (1.56—2.68)] for patients with a finished PhD or doc-
torate. Patients classified as unknown or other had a HR of 1.12 [95% CI
(0.97-1.28)] for receiving ablation in this analysis (Figure 2).

Atrial fibrillation ablation by employment

status/attachment to the job market

Fully employed patients were most likely to receive AF ablation with
18% in their group. Thereafter, patients classed as self-employed,
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Table 1 Baseline characteristics

All Ablated Not ablated
Number of patients 176.248 8.382 167.866
Age (median [IQR]) 74 [66, 82] 61 [53, 67] 73 [67, 82]
Age categories by years: (%)
24 or below 14.027 (8) 894 (11) 13.133 (8)
25-44 3971 (2) 549 (6) 3422 (2)
45-64 30.356 (17) 4.236 (50) 26.120 (16)
65-79 70.496 (40) 2568 (31) 67.928 (40)
80 or above 57.398 (33) 137 (2) 57.263 (34)
Gender: women (%) 79.222 (45) 2254 (27) 76.968 (46)
Education (%)
Basic school education 70.624 (40) 1.782 (21) 68.842 (41)
High school/vocational training 63.231 (36) 3.759 (45) 59.472 (35)
Non university higher education 4.922 (3) 424 (5) 4.498 (3)
University: bachelor 19.275 (11) 1.375 (16) 17.900 (11)
University: master 7.991 (5) 763 (9) 7228 (4)
University: PhD/doctorate 292 (<1) 55 (<1) 237 (<1)
Unknown/other 9.913 (6) 224 (3) 9.689 (6)
Employment (%)
Employed 25.686 (15) 4.009 (48) 21.677 (13)
Early retired 6.681 (4) 394 (5) 6.287 (4)
Retired 13.4612 (76) 3.018 (36) 13.1594 (78)
Self-employed 3.955 (2) 472 (6) 3.483 (2)
Sick leave 801 (<1) 92 (1) 709 (<1)
Undergoing education 435 (<1) 35 (<) 400 (<1)
Unemployed 537 (<1) 63 (<1) 474 (<1)
Unknown/other 3.541 (2) 299 (4) 3242 (2)
Comorbidities (%)
Ischaemic heart disease 30.880 (18) 1.046 (12) 29.834 (18)
Hypertension 86.067 (49) 2.699 (32) 83.368 (50)
Heart failure 23.848 (14) 917 (11) 22913 (14)
Ischaemic stroke 19.866 (11) 308 (4) 19.558 (12)
Chronic obstructive pulmonary disease 19.247 (11) 280 (3) 18.967 (11)
Chronic kidney disease 9.508 (5) 137 (2) 9.370 (6)
Pharmacotherapy (%)
RAS inhibitors 72.324 (41) 2.581 (31) 69.743 (41)
Beta-blockers 63.584 (36) 3.120 (37) 60.464 (36)
Calcium channel antagonists 45.101 (26) 1.365 (16) 43.736 (26)
Loop diuretics 36.759 (21) 705 (8) 36.054 (21)
Amiodarone 1.346 (<1) 75 (<1) 1.271 (<1)
Digoxin 9.708 (6) 263 (3) 9.445 (6)
Oral anticoagulants 43.820 (25) 2.359 (28) 41.461 (25)
Spironolactone 10.169 (6) 276 (3) 9.893 (6)
IQR, interquartile range; RAS, renin—angiotensin system.
unemployed, and on sick leave had comparable rates of ablation at be- for around 7% of patients in early retirement. Lastly, retired patients
tween 12 and 14%. Following these groups, patients undergoing educa- were ablated at a rate of 3% (Figure 5).
tion and those with an unknown status or classified as other were In the Cox proportional hazard analysis, patients who were full time

ablated at a rate of 10% and 9%, respectively, while this was the case employed were used as reference group. Patients in early retirement



Disparities in the access to AF ablation in Denmark

Ablati on: by gender
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Figure 1 Cumulative incidence of AF ablation: divided by gender. AF, atrial fibrillation.
Multivariable Cox analysis Hazard ratio (95% CI)
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Figure 2 Forest plot with HR for AF ablation. AF, atrial fibrillation; Cl, confidence interval; HR, hazard ratio.

—» Higher likelihood of ablation
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Ablation: by age group
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Figure 3 Cumulative incidence of AF ablation: divided by age group. AF, atrial fibrillation.

were less likely to receive AF ablation with a HR of 0.57 [95% ClI
(0.48-0.59)] as were those in full retirement [HR 0.57; 95%
Cl (0.53-0.62)]. Similarly, rates were lower for patients undergoing
education with a HR of 0.63 [95% CI (0.45-0.88)], those registered
as unemployed with a HR of 0.69 [95% Cl (0.54-0.88)] as well as
patients with an unknown status or classed otherwise [HR 0.65; 95%
Cl (0.58-0.73)]. Lower but statistically insignificant rates were calcu-
lated for self-employed patients [HR 0.92; 95% CI (0.83-1.01)], while
only the HR for patients on sick leave was only marginally significant
with HR 0.81 [95% CI (0.66-0.99)] (Figure 2).

Comorbidity

Finally, the prevalence of common comorbidities was analysed for its
impact on the likelihood of AF ablation. This analysis showed lower
rates of ablation among patients with prior history of IHD [HR 0.92;
95% Cl (0.86-0.98)], ischaemic stroke [HR 0.45; 95% Cl (0.4-0.5)],
chronic obstructive pulmonary disease [HR 0.62; 95% Cl (0.55-0.7)],
CKD [HR 0.58; 95% CI (0.49-0.69)], and hypertension [HR 0.81;
95% Cl (0.77-0.85)]. Patients with a history of heart failure were con-
versely more likely to undergo AF ablation with a HR of 1.24 [95% ClI
(1.15-1.33)] (Figure 2).

Discussion

The present study presents a comprehensive analysis of demographic
factors influencing the likelihood of undergoing AF ablation in
Denmark, utilizing nationwide registries spanning from 2010 to 2018.
The findings reveal significant disparities, shedding light on the social
and economic dimensions affecting the access and utilization of AF

ablation treatments. The findings revealed significant disparities in abla-
tion rates among different demographic groups. Women, older pa-
tients, patients with lower levels of education, and patients who were
not employed or retired were less likely to receive ablation. These find-
ings suggest that there are social and economic factors that may con-
tribute to these disparities.

Gender disparities

One striking observation is the substantial gender gap in AF ablation rates,
with men being almost twice as likely to undergo the procedure com-
pared with women. Gender-based differences and biases are well de-
scribed within cardiovascular care. In the context of AF, existing
studies have shown that women are generally older at time of AF diagno-
sis and more symptomatic.>** Furthermore, women have been shown
to be less likely to receive AF ablation than men. Much effort has been
made to explain this disparity exploring several possible explanations.
The most common explanation suggests that AF ablation is less effective
in women and complication rates, especially thromboembolic events, are
higher.”>~2” However, this notion is challenged by other researchers, who
reason the observed differences are not a direct result of gender alone,
but by differences in age, severity of symptoms as well as longer time to
diagnosis and treatment observed among women with AF.2%%?

Age-related disparities

The age-stratified analysis demonstrates a clear inverse relationship be-
tween age and the likelihood of AF ablation. Younger patients, particu-
larly those aged 25—44 and 45-64, exhibit higher rates of ablation, while
the elderly, especially those aged 80 and above, are significantly less like-
ly to undergo the procedure. However, more evidence is emerging that
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Ablation: by level of education
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Figure 4 Cumulative incidence of AF ablation: divided by level of education. AF, atrial fibrillation.

also the elderly can profit greatly from AF ablation and recommend a
more extensive inclusion of this procedure in this patient group.
Several studies now support the safety and efficacy of ablation in the
elderly and highlight the benefits to symptom control and QolL.*%=2

Educational disparities

The study underscores a notable association between educational at-
tainment and the likelihood of AF ablation. Patients with higher levels
of education, particularly those with PhD or doctorate degrees, are
markedly more likely to receive ablation. In contrast, patients with
only basic school education have significantly lower rates.

The association between education and AF ablation suggests dispar-
ities in factors such as health literacy, access to information, or patient
advocacy. Health literacy and access to information have been shown to
greatly influence the outcome and choice of therapy patients re-
ceive. 373 Overcoming these gaps in information and knowledge will
be detrimental in ensuring equal access to healthcare services in the
general population.

Employment status impact

The analysis of employment status reveals intriguing patterns, with full-
time employed individuals having the highest likelihood of undergoing
AF ablation, even within a universal and publicly funded healthcare sys-
tem such as in Denmark.

Why patients undergoing education or self-employed displayed low-
er rates of AF ablation seems challenging to interpret. A possible ex-
planation could be a reluctance of these patients to pause their

ongoing education or self-employment to undergo a planned invasive
procedure requiring admission, outpatient consultation, and the possi-
bility of procedure-related complications. Faster acting rate control
therapies might be preferred and implemented accordingly. To deter-
mine whether this or other factors contribute to the observed lower
rates of AF ablation among these patients further and more nuances re-
search will be required.

Comorbidity influence

The study’s examination of comorbidities further enriches our under-
standing of factors influencing AF ablation. Patients with a history of
heart failure are more likely to undergo ablation, while those with is-
chaemic stroke, chronic obstructive pulmonary disease, CKD, and
hypertension demonstrate lower ablation rates.

Excluding patients with higher prevalence of comorbidities from in-
vasive procedures such as AF ablation seems plausible, given the higher
risk of procedure-related complication. Additionally, recurrence rates
have been shown to be higher among patients with higher rates of car-
diovascular comorbidity.>”® The decision to pursue AF ablation in
heart failure patients might be influenced by growing evidence and
clinical experience suggesting that AF ablation can lead to significant
improvements in QoL post-procedure. Clinicians, therefore, may be
more inclined to recommend ablation to heart failure patients, antici-
pating these potential benefits. With the advances and potential ad-
vantages of AF ablation as a treatment, in more recent years, studies
have examined the query of risk and benefit of AF ablation among pa-
tients with higher cardiovascular morbidity burden. Trials such as
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Ablation: by attachment to the labour force
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Figure 5 Cumulative incidence of AF ablation: divided by employment status. AF, atrial fibrillation.

CASTLE-AF, AATAC, and CABANA have highlighted the benefit of
ablation in clinical outcome and QoL compared with drug treat-
ment.>*"*' This increasing evidence has prompted the European
Society of Cardiology to recommend catheter ablation for symptom-
atic patients with heart failure with a lla recommendation and
evidence level B in the current guidelines for the treatment of heart
failure from 2021.*? Similarly, there has been movement towards
offering AF ablation as a treatment option to patients with ever-
increasing morbidity burdens, as reflected in such developments in
international guidelines.

Strengths and limitations

The strengths of this study include the large sample size, the use of na-
tionwide registry data, and the long follow-up period. The Danish
National Patient Registry and the general completeness of data in the
Danish nationwide registries ensure minimal missing data and a com-
plete follow-up.*?

While this study provides valuable insights, certain limitations should
be acknowledged. The retrospective nature of the study using registry
data might introduce biases, and the specific reasons behind the ob-
served disparities require further qualitative exploration. Additionally,
the study focuses on the Danish population, and generalizability to
other healthcare systems and populations may vary. A further strength
is the real-world experience nature of the data and the resulting possi-
bility to correlate to compliance of guidelines and identify potential for
better dissemination and use.

The analysis could not differentiate between various subtypes of AF,
such as paroxysmal, persistent, and permanent AF, due to the lack of
data in the national registries. This limitation prevents a detailed evaluation
of how the type of AF might influence ablation decisions and outcomes.

Additionally, the data utilized in this study pertain to the period from
2010 to 2018. Given that the European Society of Cardiology guidelines
on AF management were updated in 2016 and 2020 and that the preva-
lence of AF ablation has increased over time, the results may not fully
reflect current treatment practices and guidelines. Likewise procedural
advances within the field of AF ablation during the analysed perode like-
ly influenced the availability and patient selection.** In order to reflect
possible changes over time, ablation rates for each analysed category
were divided into three periods of 2010-12, 2013-15, and 2016-18
have been made available in Supplementary material online, Table S3.
The data reveal subtle changes over time, as well as few narrowing
gaps, eg. increasing rate of women and older patients ablated.
However, despite these trends, the overall distinct disparities of the
main analysis overwhelmingly remain unchanged.

Factors such as education level, employment status, age, and gender
may exhibit covariant relationships that could influence the study’s find-
ings. For example, lower educational attainment may correlate with a
higher likelihood of unemployment or early retirement, and age can
negatively correlate with employment status. Furthermore, the distri-
bution of AF patients by gender varies across age groups, with younger
individuals generally having higher education levels due to increased
educational opportunities over time. These covariant relationships
were not fully explored in our analysis, which may have impacted the
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interpretation of individual factors. Future research should consider the
complex interplay between these variables to provide a more nuanced
understanding of their effects on AF ablation rates

Furthermore, the study did not include data on left ventricular ejec-
tion fraction (EF), which is a critical parameter in assessing the benefit of
AF ablation, especially in patients with heart failure with reduced EF.
The absence of EF data limits our ability to analyse its impact on ablation
decisions and outcomes.

Despite these limitations, the findings provide valuable insights into
the demographic and socioeconomic factors influencing AF ablation.
Future research incorporating these additional parameters and utilizing
more recent data could offer a more comprehensive understanding of
the evolving landscape of AF treatment.

Conclusion

The identified disparities in AF ablation rates underscore the need for a
more comprehensive and equitable approach to cardiovascular care.
Additionally, further research is warranted to explore the underlying
factors contributing to these disparities, including healthcare provider
biases, patient preferences, and systemic barriers.

By addressing these challenges, we can work towards a healthcare
system that delivers optimal and unbiased care to all individuals diag-
nosed with AF.

Clinical perspectives

Gender disparities

This study reveals a substantial gender gap in AF ablation rates, with men
being almost twice as likely to undergo the procedure compared with
women. Addressing this disparity is crucial for ensuring equitable access
to cardiovascular care and improving outcomes for all patients with AF.

Age-related considerations

The inverse relationship between age and the likelihood of AF ablation
highlights the need for tailored treatment approaches for elderly pa-
tients. Despite historically lower rates of ablation among the elderly,
emerging evidence suggests potential benefits in symptom control and
Qol, warranting further evaluation and consideration in clinical practice.

Educational attainment and health literacy

Patients with higher levels of education exhibit markedly higher rates of
AF ablation, suggesting disparities in health literacy and access to informa-
tion. Interventions aimed at improving patient education and empower-
ing individuals with comprehensive knowledge about treatment options
are essential for promoting informed decision-making and reducing
disparities in care.

Comorbidity burden and personalized

treatment strategies

Our findings underscore the importance of personalized treatment
strategies for patients with AF and multiple cardiovascular comorbid-
ities. While certain comorbidities may influence the likelihood of AF ab-
lation, shared decision-making processes between clinicians and patients
should consider both the benefits and risks of invasive procedures, en-
suring that treatment plans align with individual patient needs and
preferences.

Supplementary material

Supplementary material is available at Europace online.

Funding

Funding was provided by Biosense Webster, Inc. through its Investigator
Initiated Study program under grant [1S-687.

Conflict of interest: none declared.

Data availability

Data for this study are derived from and accessed through Statistics
Denmark. By law, these data are not allowed to be shared. For this reason,
data cannot be made available to other researchers.

References

1. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrém-Lundgyist C et al. 2020
ESC guidelines for the diagnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic Surgery (EACTS). Eur
Heart | 2021;42:373-498.

2. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC et al. 2019 AHA/

ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline for the management

of patients with atrial fibrillation: a report of the American College of Cardiology/

American Heart Association task force on clinical practice guidelines and the Heart

Rhythm Society in collaboration with the Society of Thoracic Surgeons. Circulation

2019;140:e125-51.

. Thrall G, Lip GYH, Carroll D, Lane D. Depression, anxiety, and quality of life in patients
with atrial fibrillation. Chest 2007;132:1259-64.

. Aliot E, Botto GL, Crijns HJ, Kirchhof P. Quality of life in patients with atrial fibrillation:
how to assess it and how to improve it. Europace 2014;16:787-96.

. Tiwari S, Lechen ML, Jacobsen BK, Hopstock LA, Nyrnes A, Njelstad | et al. Atrial fib-
rillation is associated with cognitive decline in stroke-free subjects: the Tromso study.
Eur | Neurol 2017;24:1485-92.

. von Eisenhart Rothe AF, Goette A, Kirchhof P, Breithardt G, Limbourg T, Calvert M
et al. Depression in paroxysmal and persistent atrial fibrillation patients: a cross-
sectional comparison of patients enroled in two large clinical trials. Europace 2014;16:
812-9.

. Schnabel RB, Michal M, Wilde S, Wiltink J, Wild PS, Sinning CR et al. Depression in atrial
fibrillation in the general population. PLoS One 2013;8:¢79109.

. Walters TE, Wick K, Tan G, Mearns M, Joseph SA, Morton |B et al. Psychological distress
and suicidal ideation in patients with atrial fibrillation: prevalence and response to man-
agement strategy. | Am Heart Assoc 2018;7:¢005502.

. Serpytis R, Navickaite A, Serpytiene E, Barysiene |, Marinskis G, Jatuzis D et al. Impact of
atrial fibrillation on cognitive function, psychological distress, quality of life, and impul-
siveness. Am | Med 2018;131:703.e1-e5.

10. Tzeis S, Gerstenfeld EP, Kalman |, Saad EB, Shamloo AS, Andrade )G et al. 2024
European Heart Rhythm Association/Heart Rhythm Society/Asia Pacific Heart
Rhythm Society/Latin American Heart Rhythm Society expert consensus statement
on catheter and surgical ablation of atrial fibrillation. Europace 2024;26:euae043.

11. Cosedis Nielsen J, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H, Kongstad
O et al. Radiofrequency ablation as initial therapy in paroxysmal atrial fibrillation. N Engl |
Med 2012;367:1587-95.

12. Wazni OM, Marrouche NF, Martin DO, Verma A, Bhargava M, Saliba W et al.
Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of symptomatic
atrial fibrillation: a randomized trial. JAMA 2005;293:2634—40.

13. Riahi S, Arbelo E, Brugada |, Maggioni AP, Tavazzi L, Vardas P et al. Regional differences
in referral, procedures, and outcome after ablation for atrial fibrillation in Europe: a re-
port from the Atrial Fibrillation Ablation Pilot Registry of the European Society of
Cardiology. Europace 2016;18:191-200.

14. Teppo K, Jaakkola J, Biancari F, Halminen O, Linna M, Haukka | et al. Socioeconomic dis-
parities in use of rhythm control therapies in patients with incident atrial fibrillation: a
Finnish nationwide cohort study. Int | Cardiol Heart Vasc 2022;41:101070.

15. Mullachery PH, Vela E, Cleries M, Comin-Colet |, Nasir K, Diez Roux AV et al.
Inequalities by income in the prevalence of cardiovascular disease and its risk factors
in the adult population of Catalonia. | Am Heart Assoc 2022;11:€026587.

16. Biancari F, Teppo K, Jaakkola ], Halminen O, Linna M, Haukka | et al. Income and out-
comes of patients with incident atrial fibrillation. J Epidemiol Community Health 2022;
76:736-42.

17. Teppo K, Jaakkola J, Biancari F, Halminen O, Linna M, Putaala ] et al. Socioeconomic fac-
tors and bleeding events in patients with incident atrial fibrillation: a Finnish nationwide
cohort study. Int | Cardiol Heart Vasc 2022;43:101131.

18. Apiyasawat S, Thongsri T, Jongpiputvanich K, Krittayaphong R; COOL-AF Investigators.
Outcome disparities in patients with atrial fibrillation based on insurance plan and edu-
cational attainment: a nationwide, multicenter and prospective cohort trial. BMJ Open
2022;12:e053166.

19. Lynge E, Sandegaard JL, Rebolj M. The Danish national patient register. Scand | Public
Health 2011;39:30-3.

w

N

(%2}

o

~N

foc}

el


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euae231#supplementary-data

10

C.R. Zérner et al.

20.
2

=

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

=

32.

33.

Pedersen CB. The Danish civil registration system. Scand | Public Health 2011;39:22-5.

. Wallach Kildemoes H, Toft Serensen H, Hallas J. The Danish national prescription regis-

try. Scand | Public Health 2011;39:38—41.

Petersson F, Baadsgaard M, Thygesen LC. Danish registers on personal labour market
affiliation. Scand | Public Health 2011;39:95-8.

Lip GY, Laroche C, Boriani G, Cimaglia P, Dan GA, Santini M et al. Sex-related differ-
ences in presentation, treatment, and outcome of patients with atrial fibrillation in
Europe: a report from the Euro Observational Research Programme Pilot survey on
Atrial Fibrillation. Europace 2015;17:24-31.

Schnabel RB, Pecen L, Ojeda FM, Lucerna M, Rzayeva N, Blankenberg S et al. Gender
differences in clinical presentation and 1-year outcomes in atrial fibrillation. Heart Br
Card Soc 2017;103:1024-30.

Ngo L, Ali A, Ganesan A, Woodman R, Adams R, Ranasinghe |. Gender differences in
complications following catheter ablation of atrial fibrillation. Eur Heart | Qual Care
Clin Outcomes 2021;7:458-67.

Cheng X, Hu Q, Gao L, Liu}, Qin S, Zhang D. Sex-related differences in catheter ablation
of atrial fibrillation: a systematic review and meta-analysis. Europace 2019;21:1509-18.
Mszar R, Friedman D), Ong E, Du C, Wang Y, Zeitler EP et al. Sex-based differences in
atrial fibrillation ablation adverse events. Heart Br Card Soc 2023;109:595-605.

Linde C, Bongiorni MG, Birgersdotter-Green U, Curtis AB, Deisenhofer |, Furokawa T
et al. Sex differences in cardiac arrhythmia: a consensus document of the European
Heart Rhythm Association, endorsed by the Heart Rhythm Society and Asia Pacific
Heart Rhythm Society. Europace 2018;20:1565-1565a0.

Bjorkenheim A, Fengsrud E, Blomstrém-Lundqvist C. Catheter ablation of symptomatic
atrial fibrillation: sex, ethnicity, and socioeconomic disparities. Heart Rhythm 02 2022;3:
766-70.

Traub D, Daubert JP, McNitt S, Zareba W, Hall B. Catheter ablation of atrial fibrillation
in the elderly: where do we stand? Cardiol | 2009;16:113-20.

. Aldaas OM, Darden D, Mylavarapu PS, Aldaas AM, Han FT, Hoffmayer KS et al. Safety

and efficacy of catheter ablation of atrial fibrillation in the very elderly (>80 years old):
insights from the UC San Diego AF ablation registry. Clin Cardiol 2023;46:1488-94.
Tabaja C, Younis A, Santangeli P, Madden R, Taigen T, Farwati M et al. Catheter ablation
of atrial fibrillation in elderly and very elderly patients: safety, outcomes, and quality of
life. J Interv Card Electrophysiol 2024,67:1083-92.

Aronis KN, Edgar B, Lin W, Martins MAP, Paasche-Orlow MK, Magnani JW. Health lit-
eracy and atrial fibrillation: relevance and future directions for patient-centred care. Eur
Cardiol 2017;12:52-7.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Essien UR, Kornej ], Johnson AE, Schulson LB, Benjamin EJ, Magnani JW. Social determi-
nants of atrial fibrillation. Nat Rev Cardiol 2021;18:763-73.

LaRosa AR, Pusateri AM, Althouse AD, Mathier AS, Essien UR, Magnani JW. Mind the
gap: deficits in fundamental disease-specific knowledge in atrial fibrillation. Int | Cardiol
2019;292:272-6.

Reading SR, Go AS, Fang MC, Singer DE, Liu ILA, Black MH et al. Health literacy and
awareness of atrial fibrillation. | Am Heart Assoc 2017;6:¢005128.

Pallisgaard JL, Gislason GH, Hansen J, Johannessen A, Torp-Pedersen C, Rasmussen PV
et al. Temporal trends in atrial fibrillation recurrence rates after ablation between 2005
and 2014: a nationwide Danish cohort study. Eur Heart | 2018;39:442-9.

Toennesen J, Pallisgaard J, Ruwald MH, Rasmussen PV, Johannessen A, Hansen | et al.
Short- and long-term risk of atrial fibrillation recurrence after first time ablation ac-
cording to body mass index: a nationwide Danish cohort study. Europace 2023;25:
425-32.

Marrouche NF, Brachmann ], Andresen D, Siebels |, Boersma L, Jordaens L et al.
Catheter ablation for atrial fibrillation with heart failure. N Engl | Med 2018;378:
417-27.

Di Biase L, Mohanty P, Mohanty S, Santangeli P, Trivedi C, Lakkireddy D et al. Ablation
versus amiodarone for treatment of persistent atrial fibrillation in patients with congest-
ive heart failure and an implanted device: results from the AATAC multicenter rando-
mized trial. Circulation 2016;133:1637-44.

Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, Poole JE et al. Effect of cath-
eter ablation vs antiarrhythmic drug therapy on mortality, stroke, bleeding, and cardiac
arrest among patients with atrial fibrillation: the CABANA randomized clinical trial.
JAMA 2019;321:1261-74.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, B6hm M et al. 2021 ESC
guidelines for the diagnosis and treatment of acute and chronic heart failure: developed
by the task force for the diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC) with the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur Heart | 2021;42:3599-726.

Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Serensen HT. The
Danish National Patient Registry: a review of content, data quality, and research poten-
tial. Clin Epidemiol 2015;7:449-90.

Boersma L, Andrade ]G, Betts T, Duytschaever M, Pirerfellner H, Santoro F et al.
Progress in atrial fibrillation ablation during 25 years of Europace journal. Europace
2023;25:euad244.



	Disparities in the access to atrial fibrillation ablation in Denmark: who gets ablated, �who neglected?
	Introduction
	Methods
	Study population and design
	Outcome of interest
	Data sources
	Variables
	Statistical analysis
	Ethics

	Results
	Demographics
	Atrial fibrillation ablation by gender
	Atrial fibrillation ablation by age
	Atrial fibrillation ablation by level of education
	Atrial fibrillation ablation by employment status/attachment to the job market
	Comorbidity

	Discussion
	Gender disparities
	Age-related disparities
	Educational disparities
	Employment status impact
	Comorbidity influence
	Strengths and limitations

	Conclusion
	Clinical perspectives
	Gender disparities
	Age-related considerations
	Educational attainment and health literacy
	Comorbidity burden and personalized treatment strategies

	Supplementary material
	Funding
	Data availability
	References




