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ABSTRACT
Objective  Rare cases of genetically inherited 
atrioventricular block (AVB) have been reported; 
however, the heredity of AVB remains unknown. We 
aimed to assess the heredity of AVB.
Design, setting and participants  Using data from 
the Danish Civil Registration Registry, we established 
a nationwide cohort of individuals with parental links. 
Data were merged with information from the Danish 
Pacemaker and Implantable Cardioverter Defibrillator 
Registry, containing information on all pacemaker 
implantations performed in Denmark during the study 
period, to identify patients who received a first-time 
pacemaker because of AVB.
Results  A total of 4 648 204 individuals had parental 
links and a total of 26 880 consecutive patients 
received a first-time pacemaker due to AVB. Overall, 
the adjusted rate ratio (RR) of pacemaker implantation 
due to AVB was 2.1 (95% CI 1.8 to 2.5) if a father, 
mother or sibling had AVB compared with the risk in the 
general population. The adjusted RR was 2.2 (1.7–2.9) 
for offspring of mothers with AVB, 1.9 (1.5–2.4) for 
offspring of fathers with AVB and 3.5 (2.3–5.4) for 
siblings to a patient with AVB. The risk increased 
inversely proportionally with the age of the index case at 
the time of pacemaker implantation. The corresponding 
adjusted RRs were 15.8 (4.8–52.3) and 10.0 (3.3–30.4) 
if a mother or father, respectively, had a pacemaker 
implantation before 50 years.
Conclusion and relevance  First-degree relatives to a 
patient with AVB carry an increased risk of AVB with the 
risk being strongly inversely associated with the age of 
the index case at pacemaker implantation. These findings 
indicate a genetic component in the development of AVB 
in families with an early-onset disease.

INTRODUCTION
Atrioventricular block (AVB) is the most common 
indication for pacemaker implantation, and the 
incidence of AVB increases with older age.1 Over 
the past decade, an average of 350 persons per 
million inhabitants have received a first-time pace-
maker due to AVB in Denmark annually.1 In rare 
cases, AVB is found to be hereditary and may even 
be caused by a single genetic variant, for example, 
in genes coding for lamin A/C, titin, SCN5A or 
transthyretin amyloidosis.2–6 In most of these cases, 
AVB is only one component of several character-
istics of the overall cardiac phenotype, whereas in 
other cases isolated genetically determined AVB is 
seen.7–9 However, in the majority of patients with 

AVB no aetiology of AVB is identified. One recent 
study examined the heredity of cardiac conduc-
tion defects including both sinus node dysfunction 
and AVB, and found an increased risk among first-
degree family members.10 However, very little is 
known about the familial risk of AVB in the popula-
tion. Therefore, we performed a nationwide study 
to assess the risk of AVB in first-degree relatives to 
patients with AVB.

METHODS
Study population
This was a nationwide retrospective register-based 
cohort study. We used pacemaker implantation 
due to AVB as a surrogate marker for having clin-
ically significant AVB. In Denmark, the indication 
for pacemaker implantation follows the European 
Society of Cardiology (ESC) guidelines on cardiac 
pacing.11 Using the Danish Pacemaker and Implant-
able Cardioverter Defibrillator (ICD) Registry, we 
identified all consecutive Danish patients receiving 
a first-time pacemaker on the indication of AVB in 
the period from 1 January 1982 to 9 May 2019. 
To study familial risk, we included only individuals 
from the Danish Civil Registration Registry and 
the Danish Pacemaker and ICD Registry for whom 
data on parental links were available in the Danish 
Civil Registration Registry.12 13 Also, patients who 
received a pacemaker after atrioventricular node 
ablation or as a result of complications to cardiac 
surgery or other cardiac intervention were excluded.

Registries
On time of birth or immigration, all people living 
in Denmark are given a unique and permanent 
civil registration number. This number is used in 
all national registries, which allows cross-linking 
of information between these registries.12 13 In the 
present study, we used data from the Danish Civil 
Registration Registry, the Danish National Patient 
Registry and the Danish Pacemaker and ICD 
Registry.

The Civil Registration Registry holds information 
on date of birth, sex, vital status, etc on all people 
living in Denmark. Moreover, data on parental 
links are available and are considered to have 100% 
coverage for individuals born in 1969 or later.12 In 
the period between 1950 and 1960, the percentage 
of individuals with parental links increased from 
9.7% to 98.6%.12

The Danish National Patient Registry is a 
population-based administrative database that 
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holds data on all hospital admissions and visits to outpatient 
clinics on an individual level. Diagnostic data in the Registry 
are exclusively given by treating physicians. Data were based on 
International Classification of Diseases, Eighth Revision (ICD-8) 
codes from the date the Registry was launched in 1977 until 
1994. Thereafter, ICD-10 codes have been used.14

The Danish Pacemaker and ICD Registry is a national clin-
ical database used by all implanting centres in Denmark. The 
implanting physician enters technical and clinical details of all 
device-related procedures prospectively into the database. The 
Registry holds information on all pacemaker implantations in 
Denmark from 1 January 1982 and onwards.

Familial risk
To investigate familial risk, we used data from the Civil Regis-
tration Registry and the Danish Pacemaker and ICD Registry 
to identify the following: (1) offspring of mothers who had 
received a pacemaker because of AVB, (2) offspring of fathers 
who had received a pacemaker because of AVB and (3) siblings 
to the first sibling in a sibship who received a pacemaker because 
of AVB. We aimed to investigate the risk of AVB as a function 
of age of the index person and with an a priori chosen specific 
cut-off of <50 years.

Baseline characteristics
Entry date for both index cases and relatives to the index case 
was defined as the day the index case received a first-time pace-
maker. Cardiovascular comorbidity was identified using the 
Danish National Patient Registry. We considered patients to 
have congestive heart failure if a previous diagnosis of conges-
tive heart failure was present (ICD-8 codes 425, 4270 or 4271 
or ICD-10 codes DI110 or DI50). Diabetes mellitus was consid-
ered to be present with a previous diagnosis of diabetes mellitus 
(ICD-8 codes 2490 or 2500 or ICD-10 codes DE10, DE11, 
DE13 or DE14). Patients were considered to have suffered from 
a prior acute myocardial infarction (AMI) with a previous diag-
nosis of AMI (ICD-8 code 41 or ICD-10 codes DI21 or DI22). 
Atrial fibrillation (AF) or atrial flutter (AFL) was considered to 
be present if a patient had a previous diagnosis of AF or AFL 
(ICD-10 code DI48). Prior ventricular tachyarrhythmia (VT) 
was considered to be present with a previous diagnosis of VT 
(ICD-10 codes DI470, DI470C, DI472, DI472A, DI472B, 
DI472D or DI472H).

Statistical analysis
We used first-time pacemaker implantation due to AVB as a surro-
gate definition of AVB. The incidence rate of AVB was modelled 
as a function of age (intervals 0–4, 5–19, 20–24, 25–29, 30–34, 
35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 
75–79, 80–84, 85–89 and  >90 years), sex and calendar time 
intervals (<1985 and 5-year intervals thereafter until 2015).

In the first step of the analysis, we determined the incidence 
rate of AVB in the complete Danish population using Poisson 
regression. In a second step, the population rates were used as 
fixed reference rates. Subpopulations were constructed to assess 
if a family history of AVB was associated with an increase in 
AVB incidence as follows: for a maternal or a paternal history of 
AVB, all offspring were included in the subpopulation and their 
risk time started at the date of the AVB event of the affected 
parent and lasted until death, an event or end of follow-up, 
whichever came first (the maternal respectively paternal subpop-
ulations). The reason not to start the risk time of the offspring 
from birth was to avoid conditioning on the future since this 

would carry a high risk of creating selection bias.15 For example, 
if parents have AVB at old age, one condition that the parents 
got old potentially creating a healthy selection bias among the 
children. For sibships, the first sibling (the index case) to have 
an event defined that history of AVB was present in the family 
(the sibships’ subpopulation). The rest of the siblings composed 
a subpopulation, and their risk time started at the date of the 
event of the first sibling. For each subpopulation, we used a 
Poisson model with the product of follow-up time and popula-
tion reference rates as offset. The resulting RRs were reported 
with 95% CIs that were based on robust SEs taking into account 
the clustered data structure within families. For a maternal and 
for a paternal history of AVB, we also computed the RR if the 
parental index case was below or above 50 years of age and for 
sex of the offspring. In the adjust analyses for comorbidities, 
the incidence of AVB in the entire population was modelled as 
a function of age, sex, calendar time and comorbidity, where 
comorbidity was modelled as a time-depending variable (conges-
tive heart failure, diabetes mellitus, prior AMI, AF/AFL and VT). 
The population reference rates were used as fixed rates in the 
Poisson regression. Statistical analyses were performed using 
STATA V.15.1 software.

Patient and public involvement
This was a nationwide retrospective register-based cohort study 
in which no individuals are identifiable.

RESULTS
We identified 4 648 204 individuals with parental links from the 
Danish Civil Registration Registry. A total of 26 880 consecu-
tive patients who received a first-time pacemaker due to AVB 
between 1 January 1982 and 9 May 2019 were identified from 
the Danish Pacemaker and ICD Registry. The sex- and age distri-
bution among patients at the time of pacemaker implantation 
is displayed in figure 1. Of these, 311 patients were excluded 
because they were foreigners who received a temporary social 
security number while treated in a Danish hospital. Addition-
ally, 25 cases were excluded because the social security number 
entered into the database was invalid.

There were 19 213 offspring of 9196 maternal index cases and 
35 148 offspring of 16 050 paternal index cases. An overview 
of the patient distribution is shown in figure 2. Maternal index 

Figure 1  The sex- and age distribution among patients at the time of 
pacemaker implantation from the Danish Pacemaker and Implantable 
Cardioverter Defibrillator Registry.
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cases had a median age of 76.2 years (IQR 67.5–83.0 years), 
and paternal index cases had a median age of 75.1 years (IQR 
67.6–81.6 years) at the time of pacemaker implantation. There 
were 2853 index siblings with 5349 siblings. Index siblings had 
a median age of 51.4 years (IQR 36.1–60.3) at the time of pace-
maker implantation. Baseline characteristics for index cases are 
shown in table 1 and for relatives to the index case in table 2.

Familial risk of AVB
Overall, compared with the general population, individuals with a 
father, mother or sibling who received a pacemaker due to AVB had an 

RR of 2.3 (95% CI 1.9 to 2.7) of developing AVB in a model adjusted 
for age, sex and calendar time (table 3). Further adjustment for base-
line cardiovascular disease did not significantly alter this risk estimate 
(adjusted RR 2.1 (95% CI 1.8 to 2.5)). Offspring of mothers with AVB 
had an adjusted RR of 2.2 (95% CI 1.7 to 2.9) of developing AVB. No 
difference in risk based on sex of the offspring (p=0.56) was observed. 
Similarly, the adjusted RR among offspring of fathers with AVB was 
1.9 (95% CI 1.5 to 2.4), and no difference in risk based on sex of the 
offspring was observed. Like for mothers, sex of the offspring did not 
affect the risk (p=0.79). Being sibling to a patient with AVB was asso-
ciated with an adjusted RR of 3.5 (95% CI 2.3 to 5.4).

Figure 2  Flow chart of patient selection. Some mothers and fathers with atrioventricular block (AVB) also had siblings and consequently these 
individuals are registered as a parent as well as a sibling with AVB.

Table 1  Baseline characteristics of index cases, that is, at the time of pacemaker implantation

Index mother, n (%) Index father, n (%) Index sibling, n (%)

Total 9196 (100) 16 050 (100) 2853 (100)

Male sex 0 (0) 16 050 (100) 1801 (63.1)

Median age 76.2 (IQR 67.5–83.0) 75.1 (IQR 67.6–81.6) 51.4 (IQR 36.1–60.3)

Age at baseline, years

 � <30 126 80 539

 � 30–40 130 180 299

 � 40–50 286 399 497

 � 50–60 695 1225 771

 � 60–70 1596 3225 466

 � 70–80 3032 5932 205

 � 80–90 2821 4429 69

 � >90 510 580 7

Cardiovascular comorbidity

 � Congestive heart failure 1084 (11.8) 2469 (15.4) 263 (9.2)

 � Diabetes mellitus 1037 (11.3) 2254 (14.0) 211 (7.4)

 � Prior MI 1380 (15.0) 3650 (22.7) 204 (7.2)

 � AF/AFL 1387 (15.1) 2899 (18.1) 324 (11.4)

 � VT 143 (1.6) 297 (1.9) 35 (1.2)

AF, atrial fibrillation; AFL, atrial flutter ; MI, myocardial infarction; VT, ventricular tachycardia.
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Age-related risk
As illustrated in table 3 and figure 3, the risk of AVB in relatives was 
strongly and inversely proportionally associated with the age of the 
index case. An additional analysis with risks reported below/after the 
age of 65 years is shown in online supplemental table 1. Accordingly, 
if the mother received her first pacemaker before the age of 50 years, 
the adjusted RR in her offspring was 15.8 (95% CI 4.8 to 52.3) as 
compared with 2.1 (95% CI 1.6 to 2.8) after the age of 50 years. In 
offspring of fathers who received a pacemaker before the age of 50 
years, the adjusted RR was 10.0 (95% CI 3.3 to 30.4) as compared 
with 1.8 (95% CI 1.4 to 2.3) after the age of 50 years. As the age of 
the index case at the time of pacemaker implantation increased, the 
RR decreased towards one.

DISCUSSION
The present nationwide study showed that the risk of AVB 
in first-degree relatives to patients with AVB was more than 
doubled compared with the background population. This 

risk was inversely related to the age of the index case at pace-
maker implantation and was increased to more than 10-fold in 
offspring of parents with pacemaker implantation before the age 
of 50 years. This finding suggests that younger patients with AVB 
requiring pacemaker implantation may have a genetically medi-
ated disease, whereas occurrence of AVB at an older age can be 
a manifestation of several non-inherited conditions highly asso-
ciated with old age.

One prior study has investigated familial clustering of cardiac 
conduction defects including AVB.10 In the Framingham Study 
they found a 1.7-fold increase in odds of pacemaker implantation 
among individuals with one or more first-degree relatives with a 
pacemaker.10 The study examined both sinus node dysfunction 
and AVB, and the study was limited by a moderate population 
size and the use of ICD codes on pacemaker implantations to 
define the outcome.10 These limitations have been overcome in 
the present study by using nationwide and highly credible data 
from the Danish Pacemaker and ICD Registry. Furthermore, 

Table 2  Baseline characteristics of relatives to index cases, that is, at the time of pacemaker implantation in the relative

Offspring of index mother, n (%) Offspring of index father, n (%) Sibling to index sibling, n (%)

Total 19 213 (100) 35 148 (100) 5349 (100)

Male sex 10 220 (53.2) 18 458 (52.5) 2848 (53.2)

Median age 46.9 (IQR 38.2–53.5) 43.8 (IQR 35.6–50.4) 48.8 (IQR 34.8–57.6)

Age at baseline, years

 � <30 2366 5278 1062

 � 30–40 3203 7741 643

 � 40–50 6254 12 870 1146

 � 50–60 6048 8299 1497

 � 60–70 1294 945 640

 � 70–80 48 15 244

 � 80–90 0 0 104

 � >90 0 0 13

Cardiovascular comorbidity

 � Congestive heart failure 100 (1.1) 115 (0.3) 69 (1.3)

 � Diabetes mellitus 177 (0.9) 224 (0.6) 88 (1.6)

 � Prior MI 205 (1.1) 211 (0.6) 128 (2.4)

 � AF/AFL 170 (0.9) 218 (0.6) 113 (2.1)

 � VT 33 (0.2) 36 (0.1) 9 (0.2)

AF, atrial fibrillation; AFL, atrial flutter; MI, myocardial infarction; VT, ventricular tachycardia.

Table 3  Rate ratio of atrioventricular block in first-degree relatives to index case

Index case Model 1 RR* 95% CI P-value Model 2 RR† 95% CI P-value

Any father, mother or sibling 2.3 1.9 to 2.7 <0.001 2.1 1.8 to 2.5 <0.001

Any father, mother or sibling >50 years 2.1 1.7 to 2.5 <0.001 1.9 1.6 to 2.3 <0.001

Any father, mother or sibling <50 years 9.0 5.5 to 14.9 <0.001 8.0 4.8 to 13.4 <0.001

Mother 2.4 1.9 to 3.2 <0.001 2.2 1.7 to 2.9 <0.001

Mother >50 years 2.3 1.8 to 3.0 <0.001 2.1 1.6 to 2.8 <0.001

Mother <50 years 16.6 5.0 to 55.1 <0.001 15.8 4.8 to 52.3 <0.001

Daughters 2.7 1.7 to 4.2 <0.001 2.5 1.6 to 3.9 <0.001

Sons 2.3 1.7 to 3.2 <0.001 2.1 1.5 to 2.9 <0.001

Father 2.0 1.6 to 2.5 <0.001 1.9 1.5 to 2.4 <0.001

Father >50 years 1.9 1.5 to 2.5 <0.001 1.8 1.4 to 2.3 <0.001

Father <50 years 10.5 3.4 to 32.1 <0.001 10.0 3.3 to 30.4 <0.001

Daughters 2.0 1.3 to 3.0 <0.001 1.8 1.2 to 2.8 <0.001

Sons 2.0 1.5 to 2.7 <0.001 1.9 1.4 to 2.6 <0.001

Siblings 3.7 2.5 to 5.6 <0.001 3.5 2.3 to 5.4 <0.001

*Adjusted for age, sex and calendar time (model 1).
†Adjusted for age, sex, calendar time, heart failure, diabetes, atrial fibrillation/flutter and myocardial infarction (model 2).

https://dx.doi.org/10.1136/heartjnl-2021-320411
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our study adds to prior findings by demonstrating that familial 
risk increases exponentially the lower the age of the AVB onset, 
suggesting a strong genetic background in patients with early-
onset disease.

An electrocardiographic PR interval measures atrioventricular 
node depolarisation and conduction, and an abnormal PR interval 
is closely related to AVB.16 In the 1980s, studies suggested a 
34%–60% heritability of the PR interval.17 18 Currently, around 
20 genes are known to be associated with AVB,7 but several addi-
tional genes associated with AVB may exist. A recent genome-
wide association study in 92 000 European-descent individuals 
has identified 44 loci associated with the PR interval of which 34 
were novel.19 Examination of these loci revealed that known and 
previously not-yet-reported biological processes were involved 
in atrioventricular conduction. These findings implicated 
developmental pathways and identified transcription factors, 
ion-channel genes and cell-junction/cell-signalling proteins in 
atrioventricular conduction as important causes of AVB.19 It is 
possible that these loci may also turn out to be of significance in 

patients with AVB in the presence of genetic variants with large 
effects on protein expression or function.

The finding of a genetic variation associated with a cardiac 
disease may have prognostic value. Our observation of a more 
than 10-fold higher risk in relatives to index cases with AVB 
before the age of 50 years suggests an underlying genetic cause 
of the disease in these families which leads to a number of 
considerations. First, these relatives may be at increased risk of 
sudden cardiac death due to sudden AVB and ventricular arrest. 
However, some genetic causes of AVB like laminopathies may 
also present with heart failure or malignant tachyarrhytmias.20 
This may be an explanation for the fact that young patients with 
AVB have been shown to have a threefold to fourfold higher rate 
of death, heart failure or ventricular arrhythmias compared with 
the background population despite the implantation of a pace-
maker.21 Therefore, our findings suggest that molecular genetic 
testing in these families as well as cardiac screening of relatives 
could possibly be of value to guide selection of the appropriate 
pacemaker device, initiation of preventive medical treatment, 
and thus prevention of disease development and sudden cardiac 
death. One recent study of 15 young patients with isolated AVB 
or sick sinus syndrome, and a suspicion of an inherited heart 
disease, found a pathogenic variant to be present in four patients 
in genes associated with either channelopathies or cardiomyop-
athies.22 However, further clinical studies evaluating the risk of 
sudden cardiac death in relatives of patients with AVB at an early 
age, as well as the clinical benefits of genetic testing or cardiac 
screening in this setting are needed to determine the clinical 
implications.

Strengths and limitations
The main strength of the study includes the use of well-validated 
registries that enabled us to identify almost complete nationwide 
data on family structure, comorbidities and pacemaker implanta-
tions due to AVB over a period of nearly four decades. Further-
more, the study was conducted within a setting characterised 
by a publicly paid healthcare system with equal and unlimited 
access for all citizens. However, some limitations need to be 
addressed. Information on baseline comorbidities was based 
on data from the Danish National Patient Registry. The validity 
of the cardiovascular diagnoses in this registry have proven to 
be high.23 However, diagnoses in the Danish National Patient 
Registry are limited to those given in relation to an admission 
to a hospital or a visit to an outpatient clinic, and consequently, 
diagnoses from general practices are not included. This leads to 
an underestimation of the proportion of patients suffering from, 
for example, diabetes in our population, since they are often 
treated in general practices.

In addition, awareness of heart disease treatable with cardiac 
pacing may have expedited diagnosis and treatment in relatives, 
thereby increasing the risk. It is, however, unlikely that a signif-
icant number of patients received a pacemaker without well-
documented AVB; likewise, it is unlikely that many patients with 
AVB were not treated with cardiac pacing. In this context it is 
worth to note that the additional adjustment for baseline comor-
bidity did not significantly alter the risk ratios.

CONCLUSION
A family history of AVB is associated with an increased risk of 
AVB among first-degree relatives with the risk being strongly 
associated with age of the index case at pacemaker implantation. 
These findings indicate that genetic factors play a role in families 
with early-onset AVB.

Figure 3  Adjusted rate ratio (RR) of atrioventricular block for first-
degree relatives as function of age of the index relative.
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Key messages

What is already known on this subject?
	⇒ The heredity of atrioventricular block (AVB) remains unknown 
although rare cases of genetically inherited AVB have been 
reported.

What might this study add?
	⇒ In this study of 4 648 204 individuals, first-degree relatives to 
a patient with AVB carried an increased risk of AVB with the 
risk being strongly inversely associated with the age of the 
index case at pacemaker implantation.

How might this impact on clinical practice?
	⇒ Whether the increased risk in these first-degree relatives 
is due to underlying, undiagnosed inherited heart disease 
presenting with the phenotype of AVB is unknown. Further 
clinical studies of the value of genetic testing in this setting 
and potential prognostic benefits are needed to determine 
the clinical implications.
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