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Atrial fibrillation (AF) and heart failure (HF) often coexist. However, whether AF onset before HF or vice versa is associated
with the worst outcome remains unclear. A consensus of large studies can guide future research and preventive strategies to
better target high-risk patients.

We included all Danish cases with the coexistence of AF and HF (2005—17) using nationwide registries. Patients were divided
into three separate groups (i) AF before HF, (i) HF before AF, or (iii) AF and HF diagnosed concurrently (£30 days).
Adjusting landmark Cox analyses (index date was the time of the latter diagnosis of AF or HF) were used for evaluating
the association of the three groups with a composite outcome of ischaemic stroke or death. Among a total of 49 042 pa-
tients included, 40% had AF before HF, 27% had HF before AF, and 33% had AF and HF diagnosed concurrently. The com-
posite endpoint accrued more often in patients with HF before AF compared to the two other groups (<0.001), and this
remained significant in the adjusted analyses with hazard ratios (95% confidence intervals) of 1.26 (1.22—1.30) compared to
AF before HF. Finally, antihypertensive treatment, oral anticoagulants, amiodarone, statins, and AF ablation were associated
with a lower hazard ratio of the composite endpoint (all <0.001).

In this large Danish national cohort, diagnosis of HF before AF was associated with an increased absolute risk of death com-
pared to AF before HF and AF and HF diagnosed concurrently. Antihypertensive treatment, oral anticoagulants, amiodar-
one, statins, and AF ablation may improve prognosis.

Atrial fibrillation ® Heart failure

® Diagnosis of heart failure (HF) before atrial fibrillation (AF) seems to Atrial fibrillation (AF) and heart failure (HF) are responsible for substan-
have a worse prognosis than AF before HF, and AF and HF diag- tial economic costs, morbidity, and mortality. These two conditions of-
nosed concurrently in a national patient cohort. ten coexist, in part because they share antecedent risk factors, but also
® Antihypertensive treatment, oral anticoagulants, amiodarone, sta- because one may directly predispose to the other." Individually, AF and
tins, and AF ablation may improve prognosis. HF increase the risk of stroke and death, and the synergistic combin-

ation of AF and HF creates a prothrombotic state that results in worse
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stroke morbidity and mortality than the mere presence of either con-
dition separately.”?

Various studies have demonstrated that the underlying pathophysio-
logic mechanism depends on which of the two conditions comes first.
Accordingly, cardiomyopathies have been classified into atrial cardio-
myopathies, ventricular cardiomyopathies, and mixed cardiomyop-
athies, maybe corresponding to AF occurring before HF, HF
occurring before AF, and concurrent development of both conditions,
respectively.® This is important, because the absence of an overt ven-
tricular pathology may enable the identification of patients most likely
to benefit from a more aggressive rhythm control strategy for HF treat-
ment, vs. therapies aimed at myocardial processes.® Furthermore, the
prognosis may vary depending on which of the two conditions comes
first, however, results regarding the joint prognosis of AF and HF are
conflicting. Some studies report that AF increases mortality,”® whereas
others, that AF has no effect.™°

However, the prognosis of the joint time course of AF and HF and
the sequence in which they occur; has not been studied in a national
population study. If more large studies agree on which sequence is as-
sociated with the worst prognosis, future research and preventive
strategies can be targeted to these high-risk patients. In the present
study, we, therefore, estimated prognosis and absolute rates of mortal-
ity and stroke in patients with coexisting AF and HF according to the
sequence of which HF and AF occurred in a large national Danish co-
hort. Second, the outcome was compared between patients with AF
alone and HF alone to patients with both conditions to generate hy-
potheses for the effects of the two conditions.

Methods
Study design

In this registry-based cohort study, information on demographics, co-
morbidities, procedures, concomitant medication, and outcome variables
was identified using three different nationwide Danish registers. These reg-
isters were cross-linked using the unique personal identification number gi-
ven to all Danish citizens at the date of birth or date of migration to
Denmark. The Civil Registration System holds data on the age, sex, and vital
status of patients, where all deaths are registered within 14 days of occur-
rence. The Danish National Patient Register contains information on every
hospital admission in Denmark since 1978, in which each hospitalization is
registered at discharge with one primary diagnosis and, if applicable, one or
more secondary diagnoses according to the International Classification of
Diseases; the 10th revision (ICD-10), since 1994. The Danish National
Patient Register also holds information on operations and procedures
that have been registered since 1996 and coded according to the Nordic
Classification of Surgical Procedures (NCSP) by The Nordic
Medico-Statistical Committee. Data on the date, quantity, strength, formu-
lation, and affiliation of the prescribing physician for all prescriptions dis-
pensed from Danish pharmacies have been accurately registered in The
Danish Registry of Medicinal Product Statistics since 1995 and coded ac-
cording to the Anatomical Therapeutic Chemical classification system.

The presence of AF was defined by a primary diagnosis of AF for a given
hospital contact, both inpatient and outpatient, as defined by the ICD,
Tenth Revision classification (DI-48). We did not differentiate between
AF and atrial flutter. This definition has been validated with a positive pre-
dictive value of 92.6% [95% confidence interval (Cl), 88.8-95.2] using the
Danish National Patient Register."’ The diagnosis HF was identified using
ICD-10 codes ‘150’, ‘111.0’, ‘113.0’, or ‘113.2" in both inpatients and outpati-
ents. Both inpatient and outpatient diagnoses were included. The positive
predictive value of HF using these criteria has been estimated to be between
81 and 100%."? Any cardiovascular admissions were identified using ICD-10
codes ‘I1°, ‘112’ 13", ‘14, “I50’, ‘163, '164.0’, ‘19", ‘G458, and ‘G459".

Study cohort

Patients 18-90 years old without prior ischaemic stroke were included be-
tween 2005 and May 2017. Patients were divided into the following three

groups: (i) AF before HF, (ii) HF before AF, or (i) AF and HF diagnosed con-
currently (£30 days). + 30 days window was chosen to assure that the on-
set of AF and HF was related. Patients were followed from the second
diagnosis of HF or AF. This date is referred to as the index date.

Study endpoint

The primary endpoint was a composite of ischaemic stroke and all-cause
mortality, and secondary endpoints were the two endpoints separately.

Statistics

Categorical data were presented as counts with percentages, and statistical
differences were tested using x° tests. Continuous variables were presented
as medians with interquartile ranges, and the statistical difference was
tested using Wilcoxon rank-sum tests. Baseline characteristics were com-
pared at the index date, which was defined as the time of the second diag-
nosis of either AF or HF occurred. Second, baseline characteristics were
compared at the time of the first diagnosis of the AF alone or HF alone,
or the time of the second diagnosis of either AF or HF occurred in the
AF and HF group. The association between HF onset before AF, concur-
rently with AF or after AF, and a composite endpoint of stroke and death,
and both endpoints separately, was analyzed using multivariable Cox re-
gression, adjusted for sex, age, chronic obstructive pulmonary disease,
chronic kidney disease (CKD), diabetes mellitus, hypertension, ischaemic
heart disease, and disease duration. Schoenfeld residuals were used to
check the proportional hazards assumption. The models were tested for
interaction with sex, calendar year, and time between HF and AF.
Furthermore, the incident composite endpoint and death were shown using
Kaplan Meier plots and incident stroke by plots of cumulative incidence
using Fine and Gray competing risk regression, using all-cause mortality as
a competing event. Finally, we compared the odds ratio for 1-year outcome
of the composite endpoints or stroke between the three groups, whichever
came first, patients with AF, HF, or both AF and HF, with AF as the
reference.

Data management and statistical analyses were conducted using R statis-
tics."® Two-tailed P < 0.05 was considered significant.

Ethics

In Denmark, registry-based studies that are conducted for the sole purpose
of statistics and scientific research do not require ethical approval or in-
formed consent by law. However, the study is approved by the data respon-
sible institute [the Capital Region of Denmark (approval number: P-2019-
191)] in accordance with the General Data Protection Regulation.

Results

The total number of patients included in the study was 49042. Of
these, 19493 (40%) patients had AF diagnosed before HF, 13356
(27%) patients had HF diagnosed before AF, and 16 193 (33%) patients
had AF and HF diagnosed concurrently (see Supplementary material
online, Figure S1). The median time between AF in HF patients was 1
309 days (Q1:382; Q3:2851) and 1372 days (Q1: 416; Q3: 2 770) be-
tween HF in AF patients.

The patients with AF diagnosed before HF were older, more were
women, and more used calcium antagonists, amiodarone, and digoxin
(Table 1) compared with the other study groups. Patients with HF be-
fore AF had more ischaemic heart disease, chronic obstructive pulmon-
ary disease, CKD, hypertension, and diabetes; used more diuretics,
angiotensin-2-antagonists, and ace-inhibitors; and more had received
the percutaneous coronary intervention, by-pass surgery, and implan-
table cardioverter-defibrillator.

Temporal trends in HF and AF

The incidence of HF per se steadily decreased during the period, where-
as AF per se increased during the study period (Figure 7). Incidence of AF
before HF, HF before AF, and AF and HF diagnosed concurrently all in-
creased slightly through the study period.
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Table 1 Baseline characteristics by initial diagnosis

AF before HF (A)

N 19493

Age [median (Q1, Q3)] 77 (70, 83)
Male sex, n (%) 11651 (59.8)
Disease duration [median days (Q1, Q3)] 1309 (382, 2851)
Comorbidity

Ischaemic heart disease, n (%) 7080 (36.3)
Chronic obstructive pulmonary disease, n (%) 4043 (20.7)
Chronic kidney disease, n (%) 1708 (8.8)
Hypertension, n (%) 17791 (91.3)
Diabetes, n (%) 3835 (19.7)
CHA2DS2-VASc, category (%)

1 212 (1.1)

2 1935 (9.9)

3 3817 (19.6)
>4 13529 (69.4)
Medication

Thiazide, n (%) 5137 (26.4)
Spironolactone, n (%) 5001 (25.7)

Loop diuretics, n (%)
Beta-blocker, n (%)

14800 (75.9)
14501 (74.4)

Calcium channel blocker, n (%) 7394 (37.9)
Renin—angiotensin blocker, n (%) 13208 (67.8)
Verapamil, n (%) 2252 (11.6)
Amiodarone, (%) 2373 (12.2)
Digoxin, n (%) 9116 (46.8)
Oral anticoagulants, n (%) 14552 (74.7)
Dabigatran, n (%) 1397 (7.2)
Rivaroxaban, n (%) 885 (4.5)
Apixaban, n (%) 920 (4.7)
Warfarin, n (%) 11517 (59.1)
Procedure

ICD, n (%) 434 (2.2)
Percutaneous coronary intervention, n (%) 2176 (11.2)
By-pass surgery, n (%) 1750 (9.0)

Concurrently HF before AF(C) Avs.C Bvs.C Avs.B
AF and HF (B)
16193 13356
75 (66, 82) 76 (69, 83) <0.001 <0.001 <0.001
9877 (61.0) 8211 (61.5) 0.002 0.404 0.019
0(0,0) 1372 (416, 2770) 0.506 <0.001 <0.001
4177 (25.8) 6646 (49.8) <0.001 <0.001 <0.001
2319 (14.3) 3508 (26.3) <0.001 <0.001 <0.001
830 (5.1) 1677 (12.6) <0.001 <0.001 <0.001
14308 (88.4) 12208 (91.4) 0.682 <0.001 <0.001
2248 (13.9) 3135 (23.5) <0.001 <0.001 <0.001
<0.001 <0.001 <0.001
351 (22) 96 (0.7)
2606 (16.1) 1344 (10.1)
3692 (22.8) 2771 (20.7)
9544 (58.9) 9145 (68.5)
3999 (24.7) 2585 (19.4) <0.001 <0.001 <0.001
3842 (23.7) 4657 (34.9) <0.001 <0.001 <0.001
11887 (73.4) 10427 (78.1) <0.001 <0.001 <0.001
11995 (74.1) 9793 (73.3) 0.031 0.147 0.505
4750 (29.3) 3907 (29.3) <0.001 0.889 <0.001
11382 (70.3) 10005 (74.9) <0.001 <0.001 <0.001
738 (4.6) 603 (4.5) <0.001 0.883 <0.001
1751 (10.8) 1458 (10.9) 0.001 0.791 <0.001
7343 (45.3) 4668 (35.0) <0.001 <0.001 0.008
10351 (63.9) 7403 (55.4) <0.001 <0.001 <0.001
1165 (7.2) 664 (5.0) <0.001 <0.001 0.936
950 (5.9) 614 (4.6) 0.828 <0.001 <0.001
1024 (6.3) 710 (5.3) 0.016 <0.001 <0.001
7426 (45.9) 5501 (41.2) <0.001 <0.001 <0.001
121 (0.7) 1074 (8.0) <0.001 <0.001 <0.001
1315 (8.1) 2642 (19.8) <0.001 <0.001 <0.001
820 (5.1) 1839 (13.8) <0.001 <0.001 <0.001

AF, atrial fibrillation; HF, heart failure; ICD, implantable cardioverter-defibrillator.

Impact of developing AF after HF and vice

versa
The cumulative incidence for the composite endpoint was highest in pa-
tients with HF before AF (Figure 2). The 10-year incidence was 81.5%
compared to 76.1% (P<0.001) and 69.0% (P <0.001) in HF before
AF, AF before HF, and AF concurrently with HF, respectively (Figure 2).
For death, the mortality rate was also higher in patients with HF be-
fore AF. The 10-year mortality rate was 81.8% compared to 76.8% (P <
0.001) and 69.6% (P < 0.001) in patients with HF before AF, AF before
HF, and for AF concurrently with HF, respectively (Figure 3).

The cumulative incidence of stroke was 5.8% for HF before AF, 6.0%
in AF before HF, and 5.7% in patients with AF concurrently with HF,
with no significant difference found among the three groups (Figure 4).

In multivariable Cox analyses, HF before AF was associated with an
increased hazard of both the composite endpoint and death compared
to both AF before HF and AF concurrently with HF (Figure 5). For
stroke alone, there was no multivariable-adjusted difference among
the three groups (Figure 5). There was no interaction with the calendar
year or time between HF and AF (both P > 0.05) on hazard ratios (HRs)
of the primary endpoint, but we found interaction with gender (P <
0.001). Although both AF before HF and HF before AF seemed to be
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Figure 2 Atrial fibrillation and heart failure onset and freedom from death and stroke. AF, atrial fibrillation; HF, heart failure.

worse in men, the HR was smaller and not significant in women with AF
before HF, and no clinically relevant difference was found in the gender-
stratified analyses (see Supplementary material online, Figures S2-S5).
To show which factors are associated with stroke and death, several

important additional factors were included in the multivariable Cox
model (see Supplementary material online, Figure S6). This revealed
that antihypertensive treatment, oral anticoagulants, amiodarone, sta-
tins, and AF ablation were associated with a lower hazard of stroke
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failure.

and death, whereas ischaemic heart disease, chronic obstructive pul-
monary disease, diabetes, male gender, older age, and digitalis were as-
sociated with higher hazards of stroke and death.

To generate hypotheses for effects, the crude odds ratio for 1-year
outcome of the composite endpoint or stroke was compared between
the three groups, whichever came first, AF alone, HF alone, or both AF

and HF, with AF as the reference. This showed that HF had a higher
odds ratio of both stroke alone and the composite endpoint of stroke
and death compared to AF alone, and furthermore, that patients with
concurrent AF and HF had an even higher hazard of both outcomes
(see Supplementary material online, Figures S7 and S8). The baseline
characteristics between the three groups are shown in
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Supplementary material online, Table S1). Importantly, this showed that
patients with concurrent AF and HF had more hypertension than the
two other groups and that HF patients had more hypertension than
AF patients. Furthermore, patients had more ischaemic heart disease
in the HF group and in group with concurrent AF and HF compared
to the AF group.

Disease burden of developing AF after HF

and vice versa

Cardiovascular admissions in the three groups AF before HF, HF before
AF, and AF concurrent with HF are shown in Supplementary material
online, Figure S9. This showed significantly more admissions for cardio-
vascular disease in the group HF before AF compared to the two other
groups, and significantly more admissions in the group AF before HF
compared to AF concurrent with HF.

Discussion

This study reports 4 important findings, (i) number of patients diag-
nosed with both AF before HF, vice versa, and AF and HF diagnosed
concurrently increased in the period from 2005 to 2017, despite de-
creasing incidence of HF, (ii) coexisting AF and HF is associated with
a higher risk of stroke and death compared to AF and HF alone, (iii)
HF before AF is strongly associated with death, but not stroke, com-
pared to AF diagnosed before or within 30 days of HF in a national
Danish cohort, and (iv) antihypertensive treatment, oral anticoagulants,
amiodarone, statins, and AF ablation were associated with a lower haz-
ard of stroke and death in patients with coexisting AF and HF.

The continuing decrease in HF could result from better treatment
preventive strategies and acute treatment of myocardial infarction.
The increase in AF could reflect the aging population and, therefore,
age-related comorbidity. Another, and maybe more important aspect,

is the increasing focus and detection of AF. With catheter ablation of AF
being introduced in Denmark in 2008, the attention on AF likely in-
creased in the following years. Furthermore, the introduction of the
first direct oral anticoagulant in 2011 started a new paradigm in AF pa-
tients’ anticoagulant treatment, putting even more focus on AF. A study
of temporal trends of AF and HF admissions and death in the United
States between 1991 and 2015 demonstrated similar decreasing hospi-
talization and mortality rates for HF vs. increasing rates for AF."* The
first could result from better and faster treatment of myocardial infarc-
tion reducing infarct size, but also improved treatment of HF during the
last decades. The increasing rate of AF admissions corresponds to our
observations and could have similar reasons as suspected to drive our
study trends.

HF has been shown to account for twice as many hospitalizations and
>3 times as many deaths compared with AF.'* Several studies have de-
monstrated a close relationship between the development of AF in HF
and vice versa."">™"” The association of AF with increased risk of sub-
sequent HF may be explained by the higher ventricular rate and stress in
AF, often leading to HF, also known as tachyarrhythmia-induced cardio-
myopathy.'® AF onset in HF patients is probably due to the inevitable
left ventricular overload in HF being transferred to the atria thru the
mitral valve causing atrial stretch and fibrosis that leads to AF at an ad-
vanced stage of HF.* This is supported by recent expert consensus on
atrial cardiomyopathies arguing that HF triggers the occurrence of atrial
cardiomyopathy before the development of AF."® Analyzing the tem-
poral relationship between HF and AF, the Framingham Heart Study
showed a higher hazard of developing HF in AF patients and AF in
HF patients compared to patients without these conditions.'
However, in multivariable analysis adjusted for several underlying con-
ditions and chronic diseases, prevalent HF remained associated with AF,
but prevalent AF was no longer associated with HF with reduced ejec-
tion fraction. This suggests aging and chronic underlying diseases includ-
ing hypertension, myocardial infarction, diabetes, and left ventricular
hypertrophy are important factors in the pathophysiology of HF, and
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maybe more important than AF per se. It also supports the belief that
AF onset in HF patients is a sign of cardiac stress and incipient failure
of the cardiovascular system to compensate for physiologic demands.

Confirming our findings, a recently published study from the Global
Anticoagulant Registry in the FIELD-Atrial Fibrillation (GARFIELD-AF)
showed that patients with HF and AF had an increased risk of death,
stroke and myocardial infarction compared to AF patients without
HF.2 The Framingham Heart group has previously shown that AF was
associated with death independent of preexisting cardiovascular condi-
tions related to AF and independent of gender.17 In contrast, in a study
with 409 patients with moderate to severe HF, including 84 patients
with AF, AF was not associated with increased mortality after adjusting
for important prognostic variables, such as age, left ventricular ejection
fraction, NYHA class, renal function, and blood |:>ressure.20 The
V-HeFT trial also failed to show that AF in patients with mild to mod-
erate HF was associated with a higher risk of all-cause mortality or sud-
den death.® However, the latter two studies were limited by their size
and only included a limited number of patients with myocardial infarc-
tion. Results from the Danish Investigations of Arrhythmia and
Mortality On Dofetilide study (DIAMOND) showed that AF was re-
lated to poor prognosis, but only in patients with HF and ischaemic
heart disease, and not in patients without the ischaemic component.*’
These results are supported by a Danish national study including 89 702
patients with myocardial infarction,*> showing that new-onset AF was
associated with a two-fold increase in all-cause mortality, cardiovascular
death, stroke, and re-infarction. In accordance with these results, an-
other large registry study showed 23 that patients with ischaemic HF,
but not those with nonischaemic HF, had an increased risk of death if
chronic AF was present. In contrast, a recent substudy from the
DANISH trial using a cardiac electronic implantable device to detect
AF, AF onset in nonischaemic HF was associated with mortality, ques-
tioning myocardial infarction as a key factor for the association with
mortality.'®

Comparing the temporal relations of AF and HF with risk of mortal-
ity, the Framingham Heart Study demonstrated that coexisting AF and
HF were associated with a higher hazard ratio of mortality, but only in
patients who developed HF first." In concordance, the present study
showed a stronger association with mortality in patients who devel-
oped HF before AF than vice versa compared to developing AF and
HF concurrently. Accordingly, cardiomyopathies have been classified
into atrial cardiomyopathies, ventricular cardiomyopathies, and mixed
cardiomyopathies, maybe corresponding to AF occurring before HF,
AF occurring before HF, and concurrent development of both condi-
tions, respectively.” If HF is diagnosed before AF, the HF is most likely a
result of chronic underlying conditions that contribute significantly to
the chronic poor state. Therefore, it is likely to drive increased mortal-
ity, and the development of AF is a parallel sign of underlying cardio-
vascular failure. When AF is diagnosed before HF, HF may reflect a
tachycardia-triggered failure of the cardiovascular system, which is of-
ten a reversible condition, which potentially could explain its less
strong association with death. However, this interpretation is not in-
vestigated in the present study, and therefore, can only be speculative.
We found that the association between the composite and death was
less strong for women with AF before HF compared to men, but the
difference was not clinically relevant and was therefore not investi-
gated further.

Our findings, confirming that patients with HF before AF seem to
have a worse prognosis than patients with AF before HF, or AF and
HF diagnosed concurrently, suggest that the clinician should pay atten-
tion to which condition appeared first, as patients with HF before AF
are a high-risk group probably needing closer and more careful follow-
up. Recently, the RATE-AF study compared digoxin and bisoprolol for
rate control in AF patients with NYHA Il or more. They found no dif-
ference in the rate control, but interestingly, NYHA class improved, and
natriuretic peptides significantly reduced in digoxin-treated patients

compared to beta-blocker-treatedpatients.”* Our study showed, that
patients with HF before AF, received significantly less digoxin than
the two other groups, which could have contributed to the worse
prognosis of these patients. However, in the multivariable analysis di-
goxin seemed to be associated with slightly worse outcomes.
Currently, there are two prospective, placebo-controlled rando-
mized trials underway which are studying the effects of low-dose di-
goxin on outcome in patients with HF, the DIGIT-HF trial
(DIGitoxinto Improve ouTcomes in patients with advanced chronic
Heart Failure) trial and DECISION trial (Digoxin Evaluation in
Chronic heart failure: Investigational Study In Outpatients in the
Netherlands), that will both add valuable knowledge about digoxin
use in HF patients.?®

In the present study, patients with HF before AF had more chronic
comorbidity, which was also reflected in the higher use of HF treatment
and diuretics; and more percutaneous coronary intervention, by-pass
surgery, and implantable cardioverter-defibrillators. This suggests that
treatment strategies maybe should target chronic underlying diseases
especially in patients with HF before AF including hypertension, myo-
cardial infarction, diabetes, and left ventricular hypertrophy, which is
also supported in our multivariable analyses showing that antihyperten-
sive treatment, oral anticoagulants, amiodarone, statins, and AF ablation
were associated with improved prognosis. Whether AF should be a tar-
get per se is controversial. The Atrial Fibrillation and Congestive Heart
Failure (AF-CHF) trial, including 1376 patients with AF and HF, most
developing HF before AF, demonstrated that rhythm control with
amiodarone did not prevent poor outcomes compared to rate con-
trol.2¢ However, randomized controlled trials have reported that cath-
eter ablation of AF might reduce the risk of mortality in patients with
coexisting AF and HF regardless of which came first.?” Therefore, it
may be reasonable, to treat AF in addition to underlying chronic dis-
eases, and maybe regardless of whatever came first. This is recently
confirmed in the EAST trial, showing that early rhythm control includ-
ing a substantial number of catheter ablations was associated with a
lower risk of adverse cardiovascular outcomes than usual care among
patients with early AF, regardless of HF and obesity.*® Surprisingly,
there was no change in left ventricular function after 2 years, which de-
monstrates that prognosis in AF patients is dependent on several other
factors than HF.

Limitations

Our study suffers the limitations with any analysis of longitudinal regis-
try data. Notably, we could not differentiate between patients with HF
and reduced vs. preserved ejection fraction because we did not have
measurements of left ventricular ejection fraction and other important
echocardiographic parameters. Unmeasured confounding due to lack
of information on important clinical variables such as functional class,
NT-proBNP, left ventricular ejection fraction, and residual confound-
ing; for example, renal function is estimated based on a diagnostic
code for CKD, and cannot be excluded in our study. Furthermore,
HF and AF numbers may be underestimated, as both diseases do not
necessarily require hospital care. We did not differentiate between pat-
terns of AF (paroxysmal, persistent, chronic, or post-operative). In the
present study, the patients were included in the analyses at the first
time they were diagnosed with AF. As AF usually is paroxysmal in the
beginning, it is likely that most of the cases were paroxysmal.
However, the group ‘AF before HF’ could include cases with more per-
sistent AF, as the median time from AF to HF was 1309 days (Table 7).
Finally, our study is observational, and our findings are associations and
do not reflect causality. However, the completeness of data, which en-
abled comprehensive follow-up of large numbers of patients for 10
years, adds strength to this study, and the study may give a real-world
estimate of the association of the temporal relationship of AF and HF
with mortality and stroke.
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Conclusion

In this large Danish national cohort, the coexistence of AF and HF was
associated with higher hazards of stroke and death compared to AF and
HF alone. In patients with coexisting AF and HF, the development of HF
before AF was associated with a higher rate of death compared to AF
before HF and AF and HF occurring within 30 days. Antihypertensive
treatment, oral anticoagulants, amiodarone, statins, and AF ablation,
but not digoxin, were associated with lower hazards of stroke and
death.
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