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Rate of Heart Failure Following Atrial 
Fibrillation According to Presence of Family 
History of Dilated Cardiomyopathy or Heart 
Failure: A Nationwide Study
Magnus N. Ebbesen , MD; Maria D’Souza , MD; Charlotte Andersson , MD; Jawad H. Butt , MD; 
Christian Madelaire , MD; Tor Biering-Sorensen , MD; Morten Lock-Hansen, MD; Soren Lund Kristensen , MD; 
Gunnar Gislason , MD; Lars Kober , MD; Christian Torp-Pedersen , MD; Morten Schou , MD

BACKGROUND: It is poorly understood why some patients with atrial fibrillation develop heart failure (HF) and others do not. We 
examined the rate of developing HF in patients with atrial fibrillation with and without first-degree family members with HF or 
dilated cardiomyopathy (DCM).

METHODS AND RESULTS: Using Danish nationwide registries, patients born after 1942 diagnosed with atrial fibrillation in the 
period 2005 to 2015 were identified and followed for up to 5 years. Patients with pre-existing HF, DCM, and/or ischemic heart 
disease diagnoses were excluded. Exposure was defined as a first-degree relative with HF or DCM. The rate of developing 
the composite end point of HF or death, and the components, was estimated with multivariable Cox proportional hazard 
regression models. We included 10 605 patients. A total of 17% had a family member with DCM/HF. Having a family member 
with HF/DCM was associated with an increased 5-year risk of the composite of HF/death (cumulative incidence, 9.2% [95% 
CI, 7.8–10.7] versus 5.6% [95% CI, 5.0–6.1]; adjusted hazard ratio [HR] 1.36 [95% CI, 1.13–1.64]). (HF 8.4% [95% CI, 7.0–9.8] 
versus 4.5% [95% CI, 4.1–5.0]); (adjusted HR, 1.49 [95% CI, 1.22–1.82]). However, familial HF/DCM was not significantly as-
sociated with an increased 5-year risk and rate of death (0.8% [95% CI, 0.4–1.2] versus 1.1% [95% CI, 0.8–1.3]); (adjusted HR, 
0.80 [95% CI, 0.46–1.39]).

CONCLUSIONS: In patients with incident atrial fibrillation without prior ischemic heart disease or HF diagnoses, 1 of 6 had a first-
degree relative with HF, and having such a family history of HF/DCM was associated with an 87% increase in 5-year incidence 
of HF compared with those without.
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Atrial fibrillation (AF) and heart failure (HF) are 
global public health burdens that appear to 
have close linkage and increasing incidence 

and prevalence.1,2 These diseases frequently coexist 
and together confer adverse effects on overall prog-
nosis.3 Despite affecting >1% of the global population, 
the temporal relationship between the diseases has 
not been fully elucidated, and it is poorly understood 

why some patients with AF develop HF and others do 
not.1,2,4 The coexistence of AF and HF may, in part, be 
explained by a number of shared risk factors (eg, age, 
sex, obesity, diabetes, ischemic heart disease [IHD], 
and hypertension).5 Shared genetic dispositions may 
also be of significance.3,6,7 It is possible that patients 
with a first-degree relative with HF or dilated cardio-
myopathy (DCM) may have a higher risk of developing 
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HF in relation to AF than those without a family history. 
However, a possible association between a family his-
tory of HF/DCM and the incidence of HF in patients 
with AF has not been fully investigated and, to our 
knowledge, no studies have looked at family history as 
a primary factor for developing HF in patients with inci-
dent AF. Therefore, to address this gap in knowledge, 
we investigated whether having a family member with 
HF or DCM was associated with an increased rate of 
developing HF in patients with AF. Our hypothesis was 
that patients with a first-degree relative with HF/DCM 
had a significantly increased rate of developing HF in 
relation to AF.

METHODS
Because of the sensitive nature of the data collected in 
this study, they are not publicly available.

Data Sources
Denmark has a public health care system in which 
all individuals are provided with a unique identifica-
tion number used for registration purposes.8 Data 
from this study came from nationwide Danish ad-
ministrative registries. Information in these registries 
was cross-linked using the unique and permanent 
personal registration numbers. Data from the follow-
ing registers were used in the present study: (1) The 

Danish Civil Registration System, which holds infor-
mation on sex, date of birth, emigration/immigration 
status, and all individual registration numbers of all 
Danish citizens since 1968. It also includes informa-
tion about parents since 1930 and information about 
siblings from 1942 onward.8,9 (2) The DNPR (Danish 
National Patient Register) holds information on dates 
and types of diagnoses at discharge, both inpa-
tient and outpatient contacts, in term of International 
Classification of Diseases (ICD) codes since 1978.10 
(3) The Danish Register of Medicinal Products, which 
holds information from Danish pharmacies on all dis-
pensed prescriptions since 1995. Danish pharmacies 
are mandated by law to report all prescriptions to this 
registry.11 (4) The Danish Register of Causes of Death, 
which holds information on vital status, and date and 
cause of death of all Danish citizens. Physicians are 
required by law to complete a death certificate for any 
death occurring in Denmark.12

Study Population
We included all Danish residents, born after January 1, 
1942 (the start of the Danish Family Registry), who had 
been diagnosed with AF in the period 2005 to 2015. 
All patients had to have had a minimum age of 18 
years at study start and at least 2 (parent and sibling) 
first-degree family members registered. Because the 
Danish Civil Registration System only holds information 
about siblings from 1942 onward, patients born before 
this date were excluded. Therefore, the oldest patients 
in this study were 73 years. Patients were excluded if 
they received loop diuretics at any time before AF diag-
nosis or had a pre-existing HF or DCM diagnosis, ex-
cept if diagnosed on the same day as AF. Patients with 
an IHD diagnosis at study start were also excluded 
since IHD is a strong predictor for HF and inclusion 
of patients with IHD may result in bias of our result. 
(Ten-year follow-up data are available as supplemental 
material).

Definitions of AF, Exposure, and 
Outcomes
The presence of AF was defined by a primary diag-
nosis of AF for a given hospital contact, both inpatient 
and outpatient, as defined by the ICD, Tenth Revision 
classification (DI-48). This definition has been vali-
dated with a positive predictive value of 92.6% (95% 
CI, 88.8–95.2) using the DNPR.13 The primary out-
come of the study was the composite end point of 
incident HF or death. Secondary outcomes were the 
components of the primary outcome. The diagnosis 
HF was combined with DCM to increase sensitivity. 
Both HF and DCM were identified using the DNPR. 
Both diseases had to be either primary or secondary 
diagnoses. Both inpatient and outpatient diagnoses 

CLINICAL PERSPECTIVE

What Is New?
•	 Our results indicate that 17% of patients who 

have atrial fibrillation and are younger than 
73  years had a family history of heart failure 
(HF)/dilated cardiomyopathy.

•	 A family history of HF/dilated cardiomyopathy 
was associated with a 5-year cumulative inci-
dence of 8% and a 49% increased relative risk 
of developing HF within 5 years.

What Are the Clinical Implications?
•	 To prevent progression of HF, clinicians should 

be aware of the high prevalence of this family 
history and the associated increased rate of 
HF in younger patients presenting with incident 
atrial fibrillation.

Nonstandard Abbreviations and Acronyms

DCM	 dilated cardiomyopathy
IHD	 ischemic heart disease



J Am Heart Assoc. 2021;10:e021286. DOI: 10.1161/JAHA.120.021286� 3

Ebbesen et al� Heart Failure Disposition and Atrial Fibrillation

were included. HF and DCM were defined via ICD-10 
codes: DI-50 and DI-420, respectively. The positive 
predictive value of HF using these criteria has been 
estimated to be between 81% and 100%.10,14,15 Date 
of death was obtained from the Danish Register of 
Causes of Death. Exposure was defined as having a 
family member (biological mother, father, or sibling) 
diagnosed with HF/DCM any time before reaching 
outcome during the 5-year follow-up period. Adopted 
persons were excluded, and individuals who had mi-
grated before or during follow-up were excluded and 
censored, respectively. The patients were followed for 
up to 5 years upon entering the study.

Comorbidities and Concomitant 
Pharmacotherapy
Comorbidities at baseline were selected based on rel-
evance to mortality rate and the development of AF 
and HF. These comorbidities were included as diagno-
ses up to 5 years before study start as defined by the 
ICD-10 classification (Table S1). Pharmacotherapy was 
selected with relevance to outcome and comorbidities 
and was included up to 6 months before study start, 
including the day of study start (Table S2).

Statistical Analysis
Baseline characteristics are presented as numbers 
with percentages for categorical data and median with 
interquartile range for continuous data. The absolute 
risks of outcome not including all-cause mortality (ie, 
HF) were estimated using the Aalen-Johansen estima-
tor, taking the competing risk of death into account, 
and differences between groups were assessed using 
Gray’s test. Absolute risks of outcomes including all-
cause mortality were estimated using the Kaplan–
Meier estimator, and differences between groups were 
assessed using the log-rank test. Cause-specific Cox 
regression models were used to compare the out-
comes between groups. The models were adjusted for 
age (modeled as a restricted cubic spline with 3 knots 
[10th, 50th, and 90th percentile]), sex, year of diagno-
sis, type 2 diabetes, chronic obstructive pulmonary 
disease, hypertension, chronic kidney disease, cancer, 
stroke, and peripheral artery disease as well as the 
listed medications in the Table. The models showed no 
interaction for the adjusted parameters, and fulfilled the 
proportional hazards assumption. Proportional hazard 
assumptions were assessed using graphical diagnos-
tics and Schoenfeld residuals and could be assumed 
for the categorical variables included in the models. 
Statistical significance was defined as 2-sided P value 
<0.05. Parameter estimates were made with 95% CI 
and medians with interquartile range. Statistical analy-
ses were performed using R (R Core Team 2018)16 and 
SAS (SAS Institute, Inc., Cary, NC).17

Approvals and Ethics
In Denmark, studies that use retrospective anonymized 
register-based data are not required to apply for approval 
from the Research Ethics Committee System. The study 
was registered and approved by the data-responsible 
institute (Region Hovedstaden; Approval number: P-
2019-382) in accordance with the General Data Protection 
Regulation. Institutional Review Board approval was ob-
tained according to the guidelines pertaining to human 
studies. No informed consent was required.

RESULTS
Study Population
We identified a final total cohort of 10 605 patients diag-
nosed with AF in the period 2005 to 2015 in Denmark. Of 
those patients, 1796 (17%) had at least 1 family member 
with HF/DCM. See the flowchart for an overview of the 
study population selection (Figure 1). Baseline character-
istics of patients with and without a family history of HF/
DCM are shown in the Table. Of the patients with and 
without family members with HF/DCM, 75% and 73% 
were men, respectively. The median ages at AF diagnosis 
were 52 years (interquartile range, 47–56) and 49 years 

Table.  Baseline Characteristics of the Study Population

Characteristics

No family 
member 
with HF 
or DCM 
(n=8809)

Family 
member 
with HF 
or DCM 
(n=1796) P value

Demographics

Male sex, n (%) 6436 (73.1) 1,328 (74.8) 0.46

Age, y, median [IQR] 49 [40–54] 52 [47–56] <0.0001

Parents with HF, n (%) NA 1.669 (92.9) NA

Siblings with HF, n (%) NA 127 (7.1) NA

Comorbidities, n (%)

Type 2 diabetes 386 (4.4) 101 (5.6) 0.026

Hypertension 769 (8.7) 193 (10.7) 0.008

Atherosclerosis 206 (2.3) 43 (2.4) 0.955

Chronic kidney disease 45 (0.5) 9 (0.5) 1

Chronic obstructive 
pulmonary disease

95 (1.1) 20 (1.1) 0.995

Cancer 215 (2.4) 44 (2.4) 1

Concomitant pharmacotherapy, n (%)

Calcium channel 
blockers

916 (10.4) 231 (12.9) 0.003

Non-loop diuretics 871 (9.9) 250 (13.9) <0.0001

RAAS 1437 (16.3) 398 (22.2) <0.0001

Vit. K antagonist 1390 (15.8) 345 (19.2) <0.0001

Aspirin 886 (10.1) 220 (12.2) 0.006

Statins 901 (10.2) 252 (14.0) <0.0001

DCM indicates dilated cardiomyopathy; HF, heart failure; IQR, interquartile 
range; NA, not applicable; and RAAS, renin-angiotensin-aldosterone system.
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(interquartile range, 40–54) with and without a family 
history of HF/DCM, respectively. The majority of family 
members with HF/DCM were parents (93%), with only 7% 
being siblings. One hundred eighteen patients were diag-
nosed with HF on the same day as study start, and 347 
patients were diagnosed with HF 6 months after study 
start. Patients with AF with a family history of HF/DCM 
had a higher prevalence of type 2 diabetes and hyperten-
sion. For other comorbidities, the 2 groups were compa-
rable and showed no statistically significant differences. 
Patients with AF with a family history had significantly 
higher frequencies of pharmacotherapy use at baseline.

Rate of HF and Death
During the 5-year follow-up, 626 (6%) patients reached 
the primary composite outcome of HF development or 

all-cause mortality. Of these patients, 537 (5%) devel-
oped HF. Median follow-up time for the overall study co-
hort was 3.5 years (25th–75th percentile, 2.8–4.4 years). 
Figure 2A shows that the 5-year cumulative incidence 
of the primary composite outcome of HF or death was 
9.2% (95% CI, 7.8%–10.7%) and 5.6% (95% CI, 5.0%–
6.1%) in patients with and without a family history of HF 
or DCM, respectively (Gray’s test, P<0.0001). Figure 2B 
shows that the cumulative incidence of the secondary 
outcome of HF was 8.4% (95% CI, 7.0%–9.8%) and 4.5% 
(95% CI, 4.1%–5.0%) with and without a family history of 
HF or DCM (log-rank test, P<0.0001). Finally, Figure 2C 
shows that the cumulative incidence of all-cause mor-
tality was 0.8% (95% CI, 0.4%–1.2% and 1.1% [95% CI, 
0.8%–1.3%] with and without a family member with HF/
DCM [log-rank test, P=0.38]). In multivariable Cox re-
gression models, the primary composite outcome of HF 

Figure 1.  Flowchart of study population selection.
Selection of the study population and the distribution of patients with and without a family 
member with HF or DCM. AF indicates atrial fibrillation; CPR, civil registration system; DCM, 
dilated cardiomyopathy; DNPR, Danish National Patient Registry; HF, heart failure; and IHD, 
ischemic heart disease.
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or death was higher in patients with a family history of HF 
or DCM compared with those without (adjusted hazard 
ratio [HR], 1.36 [95% CI, 1.13–1.64]). Likewise, HF was 
more common in patients with a family history of HF or 
DCM compared with those without (adjusted HR, 1.49 
[95% CI, 1.22–1.82]). However, all-cause mortality was 
not significantly different in patients with and without a 
family history of HF or DCM (adjusted HR, 0.80 [95% CI, 
0.46–1.39]).
Expanding the follow-up to 10  years yielded results 
similar to the main analyses. Figure S1 shows the dis-
tribution of age of relatives. Figure S2 shows the cu-
mulative incidence and HRs with a 10-year follow-up. 
Table S3 shows the comorbidities of relatives at index 
date and Table S4 shows the HRs for adjusted and un-
adjusted outcomes. Table S5 shows the HRs for each 
adjustment factor based on outcome.

DISCUSSION
Main Findings
In this nationwide cohort study, we examined the long-
term rate of developing HF in patients <73 years of age 
with newly diagnosed AF based on their familial history 
of HF or DCM. The study yielded 2 main findings. First, 
having a family member with HF or DCM was associ-
ated with a >50% increase in the rate of incident HF 
during the following 5 years after AF. However, after 
5 years only 5% of the cohort developed HF. Second, 
around one sixth (17%) of patients with AF in the study 
had a family member with pre-existing HF or DCM.

Previous Studies
As shown by other studies, the epidemiological profiles 
of HF and AF have shared characteristics. This includes 
but is not limited to age-dependent incidence rates of HF 

and AF, dependence on both comorbidities and genet-
ics, as well as conditions being greater among men than 
women.9,18–22 Data have shown that close to two thirds of 
people living with AF from any cause will develop HF dur-
ing the course of their disease, whereas AF develops in 
only one third of people with pre-existing HF.3,23 Our study 
showed a significantly lower incidence of HF development 
in patients with AF, which may be because of the relatively 
short follow-up period, as well as the young median age 
of the cohort. Furthermore, our research found 17% of 
the study population to have 1 or more family members 
with HF or DCM. Whether this is specific to patients with 
AF or merely representative of the general population 
requires further research looking at an otherwise heart-
healthy cohort and their respective family members’ HF 
prevalence and rate of reaching outcome. As mentioned, 
it is poorly understood why some patients with AF de-
velop HF and others do not. Our findings may support the 
idea of a genetic component in HF/DCM because there 
is a significantly increased rate of developing HF in situ-
ations where patients have AF and a family member has 
HF/DCM. However, the combined interplay of physiologi-
cal processes underlying each condition makes the true 
temporal relationship between AF and HF challenging to 
fully uncover. Because no other studies appear to have 
looked specifically at family history as primary indication 
for developing HF in patients with incident AF, data on the 
area for comparison are scarce.

Similar to our study, however, other data point to AF 
incidence being greater among men than women on 
a global scale, and the incidence doubles with every 
advancing decade of life.21,22,24

Clinical Implications
Based on our results, it may be suggested that clini-
cal patients with AF and a family history of HF/DCM 

Figure 2.  Five-year cumulative incidence with HR of composite outcome of HF and all-cause mortality (A), HF (B), and all-
cause mortality (C) in patients with and without a family member with HF/DCM, respectively.
Solid lines represent patients with a family member with HF or DCM and dashed lines represent patients without a family member 
with HF or DCM. AF indicates atrial fibrillation; DCM, dilated cardiomyopathy; HF, heart failure; HR, hazard ratio; and IHD, ischemic 
heart disease.
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should be followed closely because AF may be a clini-
cal precursor of cardiomyopathy. Risk factors for HF/
DCM such as hypertension, asymptomatic left ventric-
ular systolic dysfunction, or increased left ventricular 
mass should be modified with appropriate afterload 
reduction (especially angiotensin-converting enzyme 
inhibitors should be considered) and serial echocar-
diograms may be helpful.14,25 The safety and efficacy of 
early radiofrequency ablation of AF on HF in this patient 
group remain to be determined. Genetic testing and 
counseling of families with different members present-
ing with either sporadic DCM or AF need to be further 
explored. In the present study, we found a higher rate 
of HF in patients with AF and a family history of HF/
DCM. Since we do not have a nationwide biobank of 
genetics, myocardial biopsies, or data on magnetic 
resonance imaging, the exact cause of the cardiomyo-
pathy underlying the clinical diagnosis of HF cannot be 
diagnosed.26 In that context, it should also be noted 
that patients with AF with a family history of DCM/HF 
were older with a higher burden of treated risk factors 
(eg, more often in treatment with statins and aspirin) 
than patients with AF without a family history.

Strengths and Limitations
The main strength of this study was the extensiveness 
of available data in a relatively large cohort of patients 
with AF. Despite this, and the fact that a minimal num-
ber of patients were lost to follow-up, the study did 
have some limitations. First, and arguably the most im-
portant limitation, was the fact that the results were de-
rived from administrative registries and, as with all such 
studies, there is a risk of unmeasured and residual con-
founding. Misclassification may also occur, but in the 
Danish registries, there are high positive predictive val-
ues of the AF, HF, and IHD diagnoses.13,14,26 Also, since 
this study was performed using Danish registries only, 
it did not allow us to generalize beyond and reflect on 
a more diverse setting. However, it is worth noting that 
Denmark represents a country of mainly White people 
of European ancestry with a high standard of living. It 
is therefore reasonable to expect comparable results in 
similar settings around the world. Second, we did not 
know whether rate versus rhythm controlling strategies 
were attempted for the study population and whether 
this had affected outcome. Third, the young age of the 
study population could have had a limiting effect on the 
number of patients included and may also represent 
a different type of patient than those who are older at 
age of onset of AF. The fact that the cohort consisted 
of young patients also made it difficult to extrapo-
late results to an older population. Fourth, since this 
study was observational, it limited our capabilities to 
determine causations, but rather only associations be-
tween the diseases and thus impeded a cause–effect 

assessment. We excluded patients with use of loop di-
uretics to avoid inclusion of patients potentially treated 
for HF without having it diagnosed at a hospital. Fifth, 
a significant part of the cohort was excluded based on 
previous IHD diagnoses. This limited the number of pa-
tients that otherwise could had been included. Without 
the exclusion of IHD patients, however, the specificity 
of the cause of HF would had been negatively affected, 
because IHD is known to cause HF frequently and to 
be the strongest known exposure.25 Also, worth noting 
is the fact that certain baseline characteristics differed 
between the groups of patients with and without a fam-
ily history of HF, albeit their absolute differences were 
minimal and likely not clinically relevant. We used ad-
ministrative registries and therefore cannot distinguish 
HF with preserved from reduced ejection fraction. It 
also is not possible to present data on remission of 
left ventricular systolic dysfunction (“Tachy-arrhythmia 
induced cardiomyopathy”27). Our data provide new in-
formation on the rate of clinical HF.8,10,13–15,26–28 A family 
history of AF may reflect either an increased risk of HF, 
or early stages of HF caused by, for example, dias-
tolic dysfunction and increased left atrial volume and 
thus secondary AF. Based on our administrative data, 
the 2 clinical scenarios cannot be separated, and we 
can solely conclude that the rate of HF is higher in pa-
tients with AF with a family history of DCM/HF than 
in those without. Cardiologists should be aware of 
this increased rate during the clinical examination and 
plan follow-up accordingly. Despite these limitations, 
the present study was the first to investigate the long-
term rate of developing HF in patients with existing AF 
and family history of HF using large-scale data from 
nationwide registries. Nevertheless, more studies are 
needed to confirm our results.

CONCLUSIONS
In this nationwide cohort study of patients <73 years of 
age with incident AF and without prior HF or IHD, we 
observed that having a family member with HF/DCM 
substantially increased the rate of developing HF. Also, 
we found patients with AF to have a significant preva-
lence (17%) of family history of HF/DCM.
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Table S1. Specification of comorbidities by International Classification of Diseases (ICD), 

ICD-10 codes.  

Comorbidity ICD-10 code 

Cancer   DC00-DC97 

Chronic obstructive pulmonary 

disease  

DJ42, DJ43, DJ44 

Diabetes mellitus   DE10-14. ATC: A10 (6 months before AF diagnosis) 

Chronic kidney disease  DN03-08, DN11-12, DN14, DN18-19, DN26, DQ61, 

N158-160, N162-164, N168, E102, E112, E132, E142, 

I120, M321B, DN19, DR34, DT858, DT859, DZ992 

Hypertension  DI10-15 

Peripheral artery disease  DI70 

Stroke  DI63-64 

Liver disease  DB15-19, DC22, DK70-77, Z9422, I982, D684C, 

Q618A 

Ischemic heart disease DI20-21, DI23-25 

 



 

Table S2. Specification of concomitant pharmacotherapy by Anatomical Therapeutic 

Chemical Classification (ATC), ATC-codes. 

Pharmacotherapy ATC-code 

Calcium channel blockers  C08, C09BB, C09DB 

Non-loop diuretics C02L, C03A, C03B, C03D, C03E, C03X, 

C07B, C07C, C07D, C08G, C02DA, 

C09BA, C09DA, C09XA52 

RAAS C09AA, C09BA, C09BB, C09CA, 

C09DA, C09DB, C09XA02, C09XA52 

Vit. K antagonists B01AA03, B01AA04 

Aspirin B01AC06, N02BA01 

Statins C10AA 

 



 

Table S3. Comorbidities of relatives at index date. 

 

Comorbidities, N (%) 

 

No HF or      

DCM  

HF or 

DCM  

P value 

Type 2 Diabetes 1948 (6.7) 610 (22.9) <0.0001 

Hypertension 5760 (19.8) 1298 (48.8)  <0.0001 

Stroke or peripheral artery disease  2611 (9.0) 741 (27.8) <0.0001 

Chronic kidney disease 823 (2.8) 392 (14.7) <0.0001 

Chronic obstructive pulmonary disease 1882 (6.5) 771 (29.0) <0.0001 

Cancer 5012 (17.2) 732 (27.5) <0.0001 

 



 

Table S4. Hazard ratios for adjusted and unadjusted outcomes. 

 

 Composite 

outcome 

HF  All-cause mortality 

Adjusted HR [95% CI] 1.36 [1.13;1.64] 1.49 [1.22;1.82] 0.80 [0.46;1.39] 

Unadjusted HR [95% CI] 1.56 [1.30;1.88] 1.75 [1.44;2.14] 0.80 [0.46;1.38] 

 



 

Table S5. Hazard ratios for each adjustment factor based on outcome. 

 

 Composite 

outcome [95% CI] 

HF [95% CI] All-cause mortality 

[95% CI] 

Family history of 

HF/DCM 

1.36 [1.13;1.64] 1.49 [1.22;1.82] 0.81 [0.47;1.41] 

Age 1.04 [1.03;1.05] 1.04 [1.03;1.05] 1.01 [0.99;1.03] 

Sex (male) 2.40 [1.82;2.90] 2.78 [2.11;3.67] 1.21 [0.77;1.89] 

Diabetes type 2 1.22 [0.88;1.70] 1.12 [0.78;1.62] 1.76 [0.82;3.78] 

COPD 1.29 [0.71;2.35] 0.86 [0.38;1.92] 2.86 [1.13;7.26] 

Hypertension 0.74 [0.56;0.99] 0.75 [0.55;1.03] 0.67 [0.30;1.50] 

Atherosclerosis  1.35 [0.85;2.15] 1.04 [0.60;1.80] 3.57 [1.39;9.19] 

CKD 1.78 [0.83;3.80] 0.73 [0.18;2.95] 5.08 [1.84;13.98] 

Cancer 2.42 [1.76;3.34] 0.89 [0.51;1.56] 12.93 [8.16;20.50] 

Digoxin 2.03 [1.54;2.68] 1.91 [1.40;2.60] 2.43 [1.31;4.54] 

CCB 0.79 [0.61;1.03] 0.82 [0.62;1.09] 0.66 [0.32;1.36] 

Non-loop diuretics  0.79 [0.60;1.04] 0.73 [0.52;1.00] 1.11 [0.53;2.30] 

RAAS 1.78 [1.42;2.24] 1.92 [1.50;2.46] 1.24 [0.67;2.30] 

Vitamin K. 

antagonists  

0.98 [0.80;1.20] 1.02 [0.81;1.27] 0.83 [0.49;1.43] 

ASA 0.93 [0.72;1.18] 0.84 [0.63;1.10] 1.40 [0.82;2.40] 

NOAC  0.73 [0.54;0.99] 0.85 [0.62;1.17] 0.83 [0.65;1.05] 

Statins 0.73 [0.55;0.96] 0.87 [0.65;1.16] 0.16 [0.05;0.47] 

 

 



 

Figure S1. Distribution of age of relatives. 

 

a) Distribution of age of parents  

 

b) Distribution of age of siblings 

 

 

 

 



 

Figure S2. Cumulative incidence and hazard ratios with a 10-year follow-up.  
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