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Abstract

Aims The objective of the present study is to assess the bidirectional association between heart failure (HF) and atrial fibril-
lation (AF) using real-world data.
Methods and results From an electronic health recording with a population of 3 799 885 adult subjects, those with preva-
lent or incident HF were selected and followed throughout a study period of 5 years. Prevalence and incidence of AF, and their
impact in the risk for acute HF hospitalization, worsening renal function, ischaemic and haemorrhagic stroke, and all-cause
mortality were identified. We analysed all incident and prevalent patients with HF and AF, 128 086 patients (S1), and subse-
quently analysed a subset of patients with incident HF and AF, 57 354 patients (S2). We analysed all incident and prevalent
patients with HF and AF, 128 086 patients (S1), and subsequently a subset of patients with incident HF and AF, 57 354 patients
(S2). The prevalence of AF was 59 906 (46.7%) of the HF patients, while incidence in the S2 was 231/1000 patients/year. In
both cohorts, S1 and S2, AF significantly increases the risk of acute heart failure hospitalization [incidence 79.1/1000 and
97.5/1000 patients/year; HR 1.53 (1.48–1.59 95% CI) and HR 1.32 (1.24–1.41 95% CI), respectively], risk of decreased renal
function (eGFR reduced by >20%) [66.2/1000 and 94.0/1000 patients/year; HR 1.13 (1.09–1.18 95% CI) and HR 1.22
(1.14–1.31 95% CI), respectively] and all-cause mortality [203/1000 and 294/1000 patients/year; HR 1.62 (1.58–1.65 95%
CI) and HR 1.65 (1.59–1.70 95% CI), respectively]. The number of episodes of hospitalization for acute heart failure was also
significantly higher in the AF patients (27 623 vs. 10 036, P < 0.001). However, the risk for ischaemic stroke was reduced in the
AF subjects [HR 0.66 (0.63–0.74 95% CI)], probably due to the anticoagulant treatment.
Conclusions AF is associated with an increment in the risk of episodes of acute heart failure as well as decline of renal
function and increment of all-cause mortality.
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Introduction

Heart failure (HF) is a multifactorial disease with increasing
prevalence1,2 and with co-morbidities that contribute to the
progressive decline of heart function, increase hospitaliza-
tion, and mortality. One of the most frequent
co-morbidities is atrial fibrillation, the most common
sustained arrhythmia in the aged population. This condition

develops as a consequence of multiple structural and haemo-
dynamic conditions that affects heart function and contrib-
utes to the reduction of cardiac output. Moreover, AF incre-
ments risk for thromboembolic disease. Prevalence of both
diseases, HF and AF, is expected to rise in the years to come
as a result of higher life expectancy and the increment in the
prevalence of cardiovascular risk factors, an alarming trend
given that both AF and HF are accompanied by significant
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morbidity and mortality. Although the conditions may exist
independently, they often go hand in hand as each of them
is able to aggravate the other.3 In addition, both HF and AF
share a risk profile with coincident risk factors.

Several studies have analysed the interaction between AF
and HF. Incident HF in AF patients is more frequent than
stroke,4 and it increases mortality twice as compared with
AF control patients,5–7 with the risk being even greater in
younger patients.7 Moreover, prevalence of AF in HF patients
increases proportionally with the functional grade, achieving
until the 50% in the functional class 4 of the NYHA.8 The
relevance of co-morbidities in the cross link between HF
and AF has not been considered until recently.9–11

Randomized clinical trials and specific disease-driven regis-
ters provided a high level of evidence on the natural history
of this condition and on the impact of therapy. However,
due to patient selection and/or data collected in cardiology
centres, clinical relevant information may differ from the
observed in daily clinical practice at primary care.12 The risk
for acute heart failure hospitalization, stroke, and mortality
in HF patients with AF was biased due to the selection criteria
of the registries. Real-world data (RWD) obtained from elec-
tronic health records (EHR) is able to collect a large amount
of information that can aid in evaluating treatment
performance.

The objective of the present study is to assess the bidirec-
tional association between HF and AF in HF patients using
RWD. This study considers that EHR-based studies from the
general practice can be a representative setting to evaluate
burden of disease associated with health conditions such as
AF in HF.

Subjects and methods

Study population and baseline data collection

The study population was recruited from the universal health
care system of the Valencian community with a population of
3 799 885 people older than 18 in 2012. One unique electronic
centralized clinical record per patient exists. Total population
data were extracted for the period of time between 1 January
2012 and 31 December 2016. Each patient is registered in the
information systems, which collect information on outpatient
and inpatient care, including diagnoses, medical and surgical
procedures, imaging and laboratory tests, and pharmaceutical
prescriptions, among others. This information was available
for the research, anonymized in accordance with the Spanish
Law of Data Protection, and with the approval for its study by
the Committee for Ethics and Clinical Trials of the Hospital
Clinico of Valencia. Spanish Law 3/2018 of Data Protection
and Guarantee of Digital Rights and corresponding European
norms (GDPR)13 were followed.

Men and women were included in the study if they had a
diagnosis of HF. The study population consisted of registered
patients older than 24 years of age at baseline, with an active
diagnosis of HF at some point during the study period, which
amounted to 128 086 patients. Analysis of the total popula-
tion (Study 1) and of those with incident HF (Study 2) during
the study period was performed. During the follow-up, inci-
dent AF was recorded. ICD codes used to select HF, AF as well
as stroke, diabetes, and hypertension were in Supporting In-
formation, Table S1.

Cardiovascular risk factors and events definition

Hypertension and diabetes are defined based on physician di-
agnosis through ICD codes. Serum total cholesterol and high
density-lipoprotein (HDL) cholesterol were measured enzy-
matically. High density-lipoprotein (HDL cholesterol) was cal-
culated by using the Friedwald formula. Dyslipidaemia was
defined by a total cholesterol >200 mg/dL and/or treatment
with lipid lowering drugs. Serum creatinine was measured
and estimated glomerular filtration rate (eGFR) was calcu-
lated from creatinine, age, and sex using the CKD-EPI
formula.14 If ICD codes or other diagnoses based on lab values
were missing, co-morbidity was classified as no present.

Hospitalization data due to acute heart failure, ischaemic
stroke, haemorrhagic stroke, and all-cause mortality until
the 31 December 2016 were collected. Events were assigned
from ICD codes recorded at discharge, from hospitalizations
or from the emergency room. Death numbers were extracted
from the death registry. Follow-up was calculated as the dif-
ference between the inclusion date and the date of the
event, death, or 31 December 2016, whichever occurred first.

Statistical analysis

Two different sets of information were collected and analyses
were performed: (i) Substudy 1 (S1), included all of the sub-
jects with HF present at the starting point of the study, plus
the patients with newly developed HF during the study pe-
riod; (ii) Substudy 2 (S2), included subjects with a new diag-
nosis of HF during the study period in the absence of previous
AF. Differences between subjects with or without AF were
assessed by one-way ANOVA and χ2 for continuous and cate-
gorical variables. Incidence rate of events was expressed as
number of cases/1000 patients/year. The hazard ratio (HR)
of events based on the two groups, HF with and without
AF, was evaluated by means of cumulative survival rates
and Cox proportional hazards regression models. Propor-
tional hazard and nonlinearity have not systematically been
tested, although the large data set does reduce the risk of bi-
ased estimates. Models were adjusted by clinically relevant
factors, including age, sex, hypertension, diabetes, coronary
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heart disease, dyslipidaemia, and drugs used for HF treat-
ment or anticoagulation if required. When data, mainly lab
values, were not available at the time of inclusion, a 6 month
window around the time of study inclusion were used to con-
sider the value as baseline. The free statistical software R
3.6.1 was used for the analyses.

Results

General characteristics of the study population

The number and main characteristics of patients in the two
groups, S1 and S2, are shown in Table 1. The average age
was 75.6 years old, with a small predominance in women,
54.6%. The highest co-morbidity was hypertension in 88%,
followed by diabetes in 44% and coronary heart disease in
34%. Among subjects in which creatinine values were avail-
able, an eGFR <60 mL/min/1.73 m2 was present in 27%.
The treatments that the patients received are also shown in
Table 1, being the most frequent diuretics in 84.1%,
beta-blockers in 50.2%, ARBs in 45.7%, ACE inhibitors in
34.4%, and anti-aldosterone drugs in 29%. Although the num-
ber of HF subjects largely differs among the two study groups,
no significant differences exist for the main characteristics.

The number of patients with AF differed between group
S1 and S2, the highest 59 906 (46.7%) and 14 351 (25%),
respectively. In the S1, patients with AF were older, 77.3 year
versus 74.2; have a slightly less frequency in women, 54%
versus 55.2%; and more hypertension, 90.5% versus
85.3%; chronic kidney disease, 30.4% versus 24.4%; diabetes,
45.2% versus 43.4%; and coronary heart disease, 34.6%
versus 33.1%. Concerning treatments, more diuretics,
anti-aldosterone drugs, and beta-blockers were present in
AF patients. The characteristics of patients in S2 were similar
to those of S1, with a higher percentage of treatment with
diuretics, ACE inhibitors, ARBs, and anti-aldosterone drugs.
Anticoagulant treatment predominated with VKA as com-
pared with NOAC in both S1 and S2, but no anticoagulant
treatment was present in 22.2% and 31.1% of the S1 and
S2 groups, respectively.

The total number of events recorded are in Table 2.

Prevalence and incidence of AF in HF

In the total population, prevalence of AF was present in
59 906 patients, 46.7%; among them 20 879 corresponded
to patients/year, Figure 1A. The risk for incident AF increased
slightly by age (HR 1.02, P95th CI 1.02–1.02) and was lower in
women as compared with men (HR 0.78, P95th CI 0.75–0.80).

Table 1 General characteristics of the heart failure study population with and without atrial fibrillation

Variable

Total population (S1) Incident population (S2)

Patients No AF AF Patients No AF AF

Number 128 086 68 180 59 906 (46.7) 57 354 43 003 14 351 (25.0)
Age (years) 75.6 (11.6) 74.2 (12.8) 77.3 (9.9) 74.1 (12.3) 73.4 (12.8) 76.2 (10.7)
Sex (female) 69 994 (54.6) 37 660 (55.2) 32 334 (54.0) 30 635 (53.4) 23 140 (53.8) 7495 (52.2)
Hypertension 112 418 (87.8) 58 179 (85.3) 54 239 (90.5) 49 023 (85.5) 36 432 (84.7) 12 591 (87.7)
Dyslipidaemia 87 620 (68.4) 47 210 (69.2) 40 410 (67.5) 39 048 (68.1) 29 606 (68.8) 9442 (65.8)
Diabetes mellitus 56 670 (44.2) 29 568 (43.4) 27 102 (45.2) 24 367 (42.5) 18 211 (42.3) 6156 (42.9)
CHD 43 305 (34.0) 22 597 (33.1) 20 708 (34.6) 22 941 (40.0) 13 537 (31.5) 4580 (31.9)
CKD

eGFR <60 mL/min/1.73 m2 34 829 (27.2)
[80 631]

16 615 (24.4)
[42 533]

18 214 (30.4)
[38 098]

13 967 (24.4)
[33 989]

9865 (22.9)
[25 087]

4102 (28.6)
[8902]

eGFR and UAE 21 966 (17.1)
[37 426]

10 375 (15.2)
[19 366]

11 591 (19.3)
[18 060]

8048 (14.0)
[14 194]

5670 (13.2)
[10 372]

2378 (16.6)
[3822]

Drug treatment
Beta-blockers 64 316 (50.2) 28 177 (41.3) 36 139 (60.3) 26 507 (46.2) 17 656 (41.1) 8851 (61.7)
ACEi 44 124 (34.4) 22 945 (33.7) 21 179 (35.4) 19 521 (34.0) 14 108 (32.8) 5413 (37.7)
ARB 58 601 (45.7) 30 747 (45.1) 27 854 (46.5) 25 461 (44.4) 18 856 (43.8) 6605 (46.0)
CCB 41 787 (32.6) 22 672 (33.3) 19 115 (31.9) 19 112 (33.3) 14 131 (32.9) 4981 (34.7)
Aliskiren 1312 (1.0) 686 (1.0) 626 (1.0) 238 (0.4) 175 (0.4) 63 (0.4)
Diuretics 107 782 (84.1) 53 982 (79.2) 53 800 (89.8) 46 927 (81.8) 34 151 (79.4) 12 776 (89.0)
Anti-aldosterone 37 142 (29.0) 15 497 (22.7) 21 645 (36.1) 13 903 (24.2) 9144 (21.3) 4759 (33.1)
Alfa-blockers 13 659 (10.6) 7165 (10.5) 6494 (10.8) 6165 (10.7) 4529 (10.5) 1636 (11.4)
Sacubitril 312 (0.2) 144 (0.2) 168 (0.3) 144 (0.3) 93 (0.2) 51 (0.4)

Anticoagulant
VKA 42 607 (33.3) 5066 (7.4) 37 541 (62.7) 10 258 (17.9) 2910 (6.8) 7348 (51.2)
NOAC 922 (0.1) 172 (0.3) 9050 (15.1) 2631 (4.5) 97 (0.2) 2534 (17.7)

Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers; CHD,
coronary heart disease; CKD, chronic kidney disease; eGFR, estimate glomerular filtration rate; NACO, new oral anticoagulant drugs; VKA,
vitamin K antagonists.
Note: Values in parentheses are percentage. Values in square brackets are the total number of subjects with renal function available for
the analysis.
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Hypertension (HR 1.04, P95th CI 0.99–1.08) and diabetes (HR
1.03, P95th CI 1.0–1.06) marginally increased the risk. Treat-
ment with diuretics (HR 0.55, P95th CI 0.53–0.57),
anti-aldosterone drugs (HR 0.90, P95th CI 0.87–0.94),
beta-blockers (HR 0.96, P95th CI 0.93–0.99) and RAS blockers,
ACE inhibitors (HR 0.71, P95th CI 0.68–0.73), and ARBs (HR
0.87, P95th CI 0.84–0.90) reduced the risk of AF. Few patients
received treatment with the renin inhibitor aliskiren and the
combination of valsartan/neprilysin. A forest plot of risk is
shown in Supporting Information, Figure S1A. In subjects in

which eGFR values were available, the forest plot is in
Supporting Information, Figure S1B.

In incident study, new diagnoses of HF in the absence of
previous AF were seen in a total of 57 354 patients, of which
14 351 (25.0%) developed AF, incidence 231/1000 patients/
year, Figure 1B. A large proportion of the incidents, 10 417
(72.6%) were diagnosed around 3 months of the HF diagno-
sis. The factors of risk for developing AF were similar to those
observed in the total population, increasing with age, lower
in women, and slightly increased in hypertension and diabe-
tes. Treatment with diuretics, anti-aldosterone drugs, beta-
blockers, and RAS blockers also reduced the risk; see the for-
est plot of risk in Supporting Information, Figure S1C,
complemented in subjects with eGFR values available, the
forest plot is in Supporting Information, Figure S1D.

AF and risk of hospitalization

AF is associated with increment in the number, incidence, and
hospitalization due to acute heart failure in S1 and S2, Figure
2A,B. In S1, a total of 21 751 (17.0%) patients were hospital-
ized, incidence 79.1/1000 patients/year, while in S2, there
were 7251 (12.6%) patients, incidence 97.5/1000 patients/
year. Adjusted for potential confounders, AF increases the risk
in S1 (HR 1.53, P95th CI 1.48–1.59) and in S2 (HR 1.32, P95th
CI 1.24–1.41). The percentage of patients hospitalized with
one, two, three, or more episodes among those with AF were

Table 2 Incidence of events during the study period

Variable

Total prevalence (S1) Incident population (S2)

Number
(%)

Incidence
1000/year

Number
(%)

Incidence
1000/year

Number 128 086 57 354
Atrial fibrillation 30 278

(23.6)
116 14 351

(25.0)
116

AHF
hospitalization

21 751
(17.0)

79.1 7251
(12.6)

79.1

Ischaemic
stroke

17 088
(13.3)

60.9 6573
(11.5)

60.9

Haemorrhagic
stroke

811 (0.6) 2.7 288 (0.5) 2.7

>20% eGFR
decrease

18 513
(23.0)

66.2 7067
(20.8)

66.2

All-cause
mortality

61 420
(48.0)

203 24 305
(42.4)

203

Abbreviations: AHF, acute heart failure; eGFR, estimate glomerular
filtration rate.
Note: Values in parentheses are percentage.

Figure 1 Survival curves with 95
th
confidence interval of being free of AF. Panel A, left side (S1) Total population; Panel B right side (S2) New diagnosis

of HF.
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15%, 5%, and 5%, respectively, while in patients without AF,
the percentages were 7%, 2%, and 1% (P < 0.001). The in-
creased risk of hospitalization due to acute heart failure with
AF was significant, accounting for a total of 27 623 hospitaliza-
tions versus the 10 036 from the non-AF group (P < 0.001).

AF and neurologic events

An additional risk produced by AF in these patients is vascular
embolism that mainly impacts the cerebrovascular territory.
In S1, 17 088 (13.3%) ischaemic strokes were recorded with
an incidence of 60.9/1000 patients/year with AF significantly
increasing the risk (HR 1.17, P95th CI 1.12–1.21) (Figure 3A).
In S2, 6573 ischaemic strokes were recorded with an inci-
dence of 87.7/1000 patients/year; however, in this case, AF
presented a reduced risk (HR 0.66, P95th CI 0.63–0.74)
(Figure 3B). Concerning the impact of anticoagulant treat-
ment, in S1, both NOAC and VKA significantly reduced the risk
(HR 0.62 P95th CI 0.57–0.67; 0.88 P95th CI 0.84–0.92, respec-
tively) (Figure 3C), while in S2, only NOAC resulted in reduc-
ing risk (HR 0.61 P95th CI 0.54–0.68) as compared with VKA
(HR 0.98 P95th CI 0.93–1.03) (Figure 3D).

The number of haemorrhagic strokes was 811 and 288 in
S1 and S2, respectively, incidence 2.7/1000 patients/year
and 3.5/1000 patients/year. AF increased the risk in S1 (HR
1.23, P95th CI 1.01–1.50) but not in S2 (HR 0.88, P95th CI
0.63–1.22).

AF and progression in renal dysfunction

The association of AF on a reduction of eGFR by >20% was
analysed. In S1, 18 513 patients had significantly reduced
eGFR values, incidence 66.2/1000 patients/year (Figure 4A)
with AF increasing the risk (HR 1.13, P95th CI 1.09–1.18,
P < 0.001) more so than the presence of diabetes, hyperten-
sion, dyslipidaemia, and coronary heart disease. The associa-
tion with an increment of risk was also demonstrated in S2
(Figure 4B). The number of subjects with decreased eGFR
values was 7067, incidence 94.0/1000 patients/year with AF
increasing the risk (HR 1.22, P95th CI 1.14–1.31, P < 0.001)
independent of the other potential factors. In the subgroup
of patients with KDIGO risk classification, 10 425 (27.8%)
and 3297 (23.2%) increased by at least one category in S1
and S2, respectively.

AF and mortality

All-cause mortality in the total population was observed in a
total of 61 420 patients, 32 450 (52.8%) of them with AF
(Figure 5A). Incidence was 203/1000 patients/year and AF
significantly increased the risk (HR 1.62; 95th CI 1.58–1.65).
In those with incident HF (Figure 5B), S2, mortality was ob-
served in 24 305, incidence 294/1000 patients/year. The risk
of all-cause mortality was significantly higher in subjects with
AF (HR 1.65; 95th CI 1.59–1.70).

Figure 2 Risk of hospitalization by AF. Survival curves with 95
th
confidence interval. Panel A, left side (S1) Total population (p<0.0001); Panel, right

side (S2) New diagnosis of HF (p<0.0001).
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Discussion

In a large cohort of patients with HF, the bidirectional associ-
ation with AF was assessed using RWD, allowing to observe
an unselected groups of patients encountered in the clinical

practice setting. In HF patients, the risk of developing AF in-
creased with age and was lower for women as compared
with men. A diagnosis of previous hypertension or diabetes
did not increase the risk of HF when AF is present. Treatment
with diuretics, anti-aldosterone drugs, beta-blockers and RAS

Figure 3 Risk of ischemic stroke by AF. Survival curves with 95
th
confidence interval and impact of anticoagulant treatment (blue NOAC, green VKA, red

untreated). Panel A upper panel left side (S1) Total population (p¼0.0035); Panel B upper panel right side (S2) New diagnosis of HF (p<0.0001); Panel C
bottom panel left side (S1) Total population (p<0.0001); Panel D bottom panel right side (S2) New diagnosis of HF (p<0.0001).
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Figure 4 Risk of eGFR reduction >20%. Survival curves with 95
th
confidence interval. Panel A, left side (S1) Total population (p<0.0001); Panel B right

side (S2) New diagnosis of HF (p¼0.0006).

Figure 5 Risk of all-cause mortality by AF. Survival curves with 95th confidence interval. Panel A left side (S1) Total population (p<0.0001); Panel B
right side (S2) New diagnosis of HF (p<0.0001).
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blockers, ACE inhibitors, and ARBs seems to be that reduced
the risk of developing AF. Patients with HF who develop AF
have a higher risk of acute heart failure hospitalization and
haemorrhagic stroke, faster renal function reduction, and
all-cause mortality. The decreased risk of stroke and TIA ob-
served can be explained by the anticoagulant treatment re-
ceived in the AF patients.

AF is a frequent condition that requires an integrated man-
agement, the so-called Atrial Fibrillation Better Care (ABC)
pathway with holistic approach due to the high frequency
of co-morbidities, one of the most relevant due to the clinical
consequences is HF.15 The Guidelines of the ESC developed
with European Heart Rhythm Association (EHRA) of the ESC
recognized that the management of patients with AF and
HF is often challenging and that all patients with HF and AF
should receive guideline-adherent HF therapy.16 However, in
a recent meta-analysis, the adherence to the ABC is low,
around 21%, and heterogeneous in the application,17 the
same that in the ESC-EHRA EURObservational Research Pro-
gramme in AF General Long-Term Registry.18

The present study included one of the largest numbers of
patients with HF published, with a 5 year follow-up. In the de-
sign, we divided the study population into two blocks: one in-
cluding all patients available and the other including patients
without HF or AF before the starting point of the study. In the
prevalence, S1, analysis was unable to provide the natural
history of AF in HF because many of the patients had AF be-
fore the study period. It was possible, however, to assess the
clinical load of having AF in HF patients. In the incident, S2, it
was possible to assess a precise time of risk for the develop-
ment of AF in new incident HF.

Heart failure is one of the most influential factors in in-
creasing the risk of AF. In fact, HF and age-per-HF are compo-
nents of the all score risk for AF.19–21 The increased risk of HF
patients to develop AF can primarily be explained by struc-
tural atrial remodelling, mitral valve regurgitation, and al-
tered neurohumoral balances. A large number of studies re-
ported that the prevalence of AF in HF patients reportedly
differ due to the particularities of the different registers, from
23% to 33% in HF with reduced ejection fraction, to 33% to
65% in HF with preserved ejection fraction.22–25 In the pres-
ent study, the prevalence of AF in HF patients was 47% with-
out considering the type of ejection fraction.

Studies of incidence, however, are scarce because the initi-
ation of HF or AF is not easily identified in previous registers.
In the present study, the incidence design allowed for the
obtention of reference points for the calculation because
subjects were selected without previous diagnosis of HF
and in the absence of AF. Overall, the incidence of AF and
events was higher in the recently diagnosed patients (Ta-
ble 2). The incidence of AF in these patients was 236/1000
patients/year, figure that was twice the incidence observed
for AF in the total population, 116/1000 patients/year. Differ-
ences between the two incidences of AF can be explained be-

cause a large proportion of patients, both HF and AF, are di-
agnosed at the same time. Concerning the differences in
events, patients with long-term AF are clinically more stable
and consequently have less risk.

It is also relevant to note that AF increments the incidence
and the prognosis of HF, driven by haemodynamic alterations
and over-active regulatory mechanisms. Loss of atrial con-
traction, irregularity of ventricular contractions, tachycardia,
neurohormonal activation, and structural myocardial changes
are among the factors related to the incidences of AF.3 In the
present study, AF was associated with the risk and number of
hospitalizations due to acute heart failure and all-cause
mortality.

Mortality in the incidence group was significantly higher
than in the prevalence group, in agreement with previous ob-
servations in which developing incident AF after a diagnosis
of HF appears to confer a much greater risk of long-term mor-
tality than prevalent AF.26 A recent diagnosis of AF could po-
tentially introduce elements that could increase the risk such
as a sudden change from sinus rhythm and/or additional
added medications, antiarrhythmics, and anticoagulants.

Two more aspects observed are worth commenting. The
first is the association of AF on renal function in HF.27 The im-
portance of renal function on the natural history of HF has
been reported as being one of the most relevant prognostic
markers. Chronic renal disease, defined by reduced eGFR or
urinary albumin excretion, is associated with increased risk
of all-cause mortality, cardiovascular mortality, and
hospitalization.28 The impact of CKD is independent of age,
functional class, duration of HF, haemoglobin, or diabetes
mellitus.29 Moreover, the lower the renal function increases
mortality. In the present cohort, AF is associated with reduc-
tion of >20% of eGFR in the relative short observational pe-
riod. The mechanism in reducing renal function may be re-
lated due the haemodynamic changes associated to AF that
will impact by reducing the renal blood flow or by congestion
in the venous territory.

The second is the impact of AF on potentially suffering a
stroke in patients with HF. While in the entire population
AF increases the risk of stroke, in the relative short-term fol-
low-up of incident HF, the development of AF not only did
not increase the risk of stroke even it is reduced. One possi-
ble explanation is the fact that AF patients receive anticoagu-
lant treatment, and this protects not only against embolic
stroke but also from those due to atherosclerosis. Anticoagu-
lant treatment with NOAC provided significant protection
greater than VKA treatment.

Considering the above-mentioned data of the impact of AF
in the presence of HF, efforts should be apply to follow the
recommendations of the guidelines under the concept that
multimorbidity requires an integrate care approach. A
step-based approach in the HF treatment will reduce decom-
pensations and reduce the risk to develop AF. Prompt recog-
nition and anticoagulant treatment, mainly NOACs, will
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reduce the risk of decompensation and thrombo-embolic
disease.

Strengths and limitations of the study should be contem-
plated. A large number of patients with AF have been
analysed with a total high patient-year accounting for poten-
tial confounders such age, sex, and major cardiovascular and
metabolic diseases; however, the origin of each of the pa-
tients was not clearly established. Limitations include all that
are inherent to the EHR, even though efforts were made to
minimize these limitations and only patients with the re-
quired variables for the analysis were included. Likewise, no
stratification according to the HF phenotype was available,
even though co-morbidities were taken into account in the
multivariate analysis of risk. Particularly, a limitation was
the lack of renal function assessment in a large proportion
of subjects. The reasons include the lack of enough eGFR
available for adequately assess of changes in renal function
or the reduced number in which UAE was measured. Reasons
for no anticoagulant treatment, quality of VKA control and
dosage, and differences among the NOAC molecules were
not contemplated. The fact that the study period finished in
2016 reduced the number of patients treated with NOACs.
Concerning the impact of other drugs in the risk to develop
AF is biased due to a confounding by indication. Finally, sur-
vival analysis in cardiovascular research assume competing
risk, that if is not considered, like in the present study, an
overestimation of risk is present.

In summary, AF is a highly prevalent co-morbidity in pa-
tients with HF, which occurs more in older patients and male
patients who share hypertension, diabetes, or CKD, although
HF treatment reduces the risk. Development of AF is associ-

ated with the incidence of acute heart failure hospitalization
and mortality and with a faster decline in the eGFR. Efforts to
reduce the incidence of AF in HF patients will result in an in-
creased quality of life and survival.
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