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This thesis converges genetic and clinical information and demonstrates that 

genotypes associated with atrial fibrillation (AF) can help to understand (causal) 

interactions between risk factors and AF. In part I we addressed the role of genetics 

and the initiation of AF. We investigated potential (genetic) measures for risk of 

developing incident AF. In part II we demonstrated associations between genetics 

and determinants of AF after initial diagnosis, which entails profiling different AF 

types, AF progression and resulting dimensions of the heart. The results provide 

food for thought for clinical implementation of genetics in AF management.

Genetics and the initiation of AF
The scope and pace of AF genetics has been incredibly rapid and we currently 

have a solid understanding of the role of genetics in AF – at least in individuals 

of European descent. The lifespan in the current European society is expected to 

increase and efforts are made to improve healthy ageing.1 Incident AF is associated 

with advancing age.2,3 However, in some individuals their chronological age may not 

align with their biological age. Previous studies have shown that life stress, various 

metabolic traits and lifestyle habits as smoking accelerate biological ageing.4,5  In 

chapter 2 we investigated if the age-associated risk of AF is measurable through 

biological markers of ageing. Biological markers of ageing could provide evidence 

for the causal mechanisms underlying the association between chronological 

ageing and AF. The length of telomeres at the end of chromosomes are believed 

to be biological markers of ageing. In chapter 2 we showed that telomere length 

of circulatory leukocytes is not independently associated with incident AF. Studies 

in other large population-based cohorts, as the Framingham Heart cohort and 

the Cardiovascular Health Study, were in line with our results.6–8 Chronological 

ageing and other risk factors of AF may contribute more than telomere length to 

the increased risk of AF. The age-associated risk of AF may be expressed in other 

(yet unknown) genetic biological markers, (or) in cardiac tissue. Future studies are 

needed to confirm this hypothesis.

Optimal risk assessment is ideally based on causal associations. However, the exact 

contribution of risk factors to AF is hard to identify, since some risk factors may 

influence the existence or severity of other risk factors and AF (confounding factors). 

During the past decade, information on the genetic contribution to AF increased 

tremendously and this created the opportunity to study (causal) interactions 
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between risk factors and incident AF via Mendelian randomization analyses. In 

chapter 3 we studied whether resting heart rate was causal to the development 

of AF in the AFGen consortium (a worldwide international collaboration to increase 

genetic data of AF). The genetic variants of resting heart rate were used as a 

polygenic risk score to infer causal associations. Our observational data of resting 

heart rate suggested a non-linear U-shaped association, similar to prior studies.9,10 

Both low and high resting heart rates were associated with increased risk of AF. 

Since Mendelian randomization can only assess linear associations, analyses were 

performed in three strata to reveal a causal non-linear association. Our data suggests 

that low resting heart rate may cause incident AF, below 65 beats per minute. 

Contradictory to our expectation no causal association was established above 65 

beats per minute and a non-linear causal association could not be confirmed. While 

in literature associations were established between high resting heart rate and 

incident AF in observational data.9,10 For example, a meta-analysis with 18,630 cases 

of the 431,432 included individuals showed a significant  J-shaped association.10 The 

observed association may have been a reflection of other cardiovascular conditions 

in the observational analyses, such as hypertension, diabetes and overweight. 

However, resting heart rate is easily measured during physical examination, which 

could make resting heart rate an excellent preventive measure in risk assessment 

of AF. Our results may support future studies that investigate low resting heart rate 

as a risk indicator or preventive measure of incident AF. 

Genetics and determinants of AF after the initial diagnosis

The various AF types presenting in AF patients complicate the understanding 

of mechanisms underlying AF and the implementation of personalized AF 

management. In chapter 4 we investigated the clinical, biomarker and genetic 

profiles of AF patients with different types of AF.  AF episodes were defined as AF 

detected once, without any recurrence; or persistent AF, terminated by means of 

medication or a procedure. Additionally, AF episodes were defined to be chronic, 

when no medication or procedure could terminate the AF episode. Only in the 

self-terminating profile, genetic variants were associated with AF.  Our results point 

out that genetic variants may play a more important role in certain AF patients. 

Current AF management guidelines emphasize the importance of implementing 

personalized treatment in clinical practice.11 The identification of AF types and their 

concomitant genetic profile could improve personalization of AF management. 
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A powerful method for assessing the genetic profile to AF types or AF 

progression is to calculate a polygenic risk score that combines the genetic 

risk variants present in an individual patient. In chapter 5 we constructed a 

polygenic risk score of body mass index (BMI) to investigate AF progression.  

BMI is one of the risk factors of AF progression with extensive genetic information 

available.12–14 Sustained weight loss has shown to be beneficial for AF patients. 

Weight intervention showed a reduction of AF burden and symptoms.11,15–21 Whether 

an increased BMI is causing AF progression is difficult to investigate since several 

AF-related conditions, such as hypertension, diabetes and heart failure, but also 

structural and hemodynamic changes are influenced by BMI.22 Our results showed 

that an increased genetically determined BMI is associated with AF progression in 

women. The investigated genetic variants that determine BMI and are associated 

with AF progression support the notion of causality. Hypothetically, this may be due 

to sex-related heritability pathways of BMI genetic variants, as is seen with genetic 

variants associated with waist-hip-ratio.23 Waist-hip-ratio heritability and genetic 

variants effects are stronger in women. One could hypothesize that our results 

suggest that genetic predisposition to a high BMI may potentially be more harmful 

in women, and weight management is important in this group. In the recent years 

it became more apparent that symptom presentation, burden of AF and (invasive) 

treatment attempts differ between men and women.24–26 However, sex differences 

in AF genetics and pathophysiological mechanisms are yet to be explored. Whether 

changes in the observed BMI would influence the risk of AF progression in women 

with genetically determined high BMI, could not be confirmed in our data. Future 

studies should clarify whether weight loss in individuals with high genetic risk could 

lower the risk of AF progression. 

In chapter 6 we constructed a polygenic risk score of AF to show causality between 

AF, left atrial size enlargement and left atrial dysfunction. In the European guidelines, 

AF progression is described as the increase in frequency and duration of AF 

episodes.11 Pressure and/or volume overload may be increasingly present when AF 

progresses and could change atrial structure or function. Persistent change in atrial 

structure and function is considered to be the result of atrial remodeling.27 Atrial 

remodeling could trigger AF episodes. However, AF episodes could also trigger 

atrial remodeling and a vicious cycle may continue.28,29 The association seems 

bidirectional and it is difficult to distinguish whether AF was cause or consequence 

of atrial changes. 
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Our study showed a genetic basis for causality between AF and left atrial size 

and function. Via Mendelian randomization analyses and through leave-one-out 

analyses we showed that the association between AF and left atrial size seems 

to be driven by a genetic variant located at the PITX2 gene. This same variant was 

involved in the association between AF and decreased ejection fraction. The PITX2 

gene is highly associated with incident AF in previous studies.30–32 Although the 

exact biological pathway of the genetic variant at the PITX2 gene is unknown, this 

gene is suggested to play a role in left atrial myocyte automaticity, the response 

to oxidative stress, inflammation and embryonic development of the heart.33–36 One 

may suggest that fewer AF episodes could cause less changes in left atrial size 

and function. Hypothetically, optimal rhythm control that could inhibit PITX2, may 

possibly prevent or minimalize changes in left atrial size and function, associated 

comorbidities and mortality.37–39 However, data on genetically driven successful 

rate and/or rhythm control is scarce.

Future perspectives
During this thesis both the scale and the scope of the worldwide collaboration on 

AF genetics increased. One of the facilitators was the international Atrial Fibrillation 

Genetics (AFGen) Consortium. Through international collaboration, current AF 

GWAS analyses have increased their statistical power, which has enabled to 

uncover more of the missing heritability of AF. 

AF heritability

In 2017, Weng et al. estimated that genetic variation contributes only with 22% to 

the development of AF.40 Other contributions may be environmental, lifestyle or 

clinical determinants. At the time of that paper, only 25 AF loci were known and 

accounted for only a quarter of the 22% estimated genetic variation that contributes 

to AF. The fraction of the heritability of AF explained by common genetic variants 

has increased from 25% to 42% based on the results of the largest GWAS thus far.31 

As evident from the estimates of explained heritability, there is still a substantial 

proportion of “missing heritability” (Figure 1). 
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▼Figure 1. Heritability of AF.

Figure 1 illustrates that heritability of AF is partly explained by known genetic data and partly 
unknown, the missing heritability.

Where the missing heritability could be found is debated. Common genetic 

variants identifi ed through GWAS are mostly located in intergenic or intronic 

regulatory regions. They may participate in disease development through 

regulatory mechanisms, thereby aff ecting the expression of multiple genes located 

in proximity and possibly, further away. For example, the co-regulatory network 

involving TBX5 and PITX2 infl uencing atrial development.31,41 Gene–gene interactions 

can play a signifi cant role in regulating cellular behavior and biological events. Two 

variants with small individual eff ects may have large interaction eff ects. Lin et al. 

showed that two genetic variants, rs7164883 at the  HCN4  locus and rs4980345 

at the SLC28A1 locus, were highly signifi cantly associated with AF in an European 

ancestry discovery cohort from 15 studies. Moreover, eight additional gene–gene 

interactions were marginally signifi cant, albeit unreplicated thus far.42

Gene–environment interactions may also contribute to the missing heritability. Some 

cross-trait associations have been found between genetic variants related to AF risk 

factors, such as height, body mass index (BMI), hypertension.31 These pleiotropic 

eff ects may also contribute to missing heritability. Moreover, unidentifi ed common 

and rare genetic variants, including copy number variation, may partially explain 

the missing heritability of AF.43 The fast-developing high-throughput sequencing 

technology may play an important role in uncovering missing heritability for AF. 

Finally, larger GWAS analyses in both European and non-European ancestry groups 

may reveal other loci associated with AF. 
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Nevertheless, the magnitude of recent GWAS analyses in individuals from European 

descent is close to reaching its saturation point. As a consequence, including more 

individuals in larger GWAS analyses will not lead to identification of more common 

genetic variants for AF.44 Large GWAS made for other common complex diseases, 

such as major depressive disorder or schizophrenia, have already demonstrated 

this phenomenon. In 2018, Nishino et al. predicted the number of cases needed 

to detect significant genetic variants for these two psychiatric diseases.45 The 

numbers of cases needed to detect 1, 10, and 100 genetic variants by GWAS 

were calculated to be 7,000, 18,000, and 51,000 cases for schizophrenia, and 

34,000, 61,000, and 118,000 cases for major depressive disorder. The authors 

pointed out that the number of genetic variants associated to major depressive 

disorder would rapidly increase, when 50,000 cases or more were included. In 

comparison, the largest AF GWAS thus far, included a similar number of cases. 

However, the power of a GWAS depends not only on the sample size, but equally 

important are the genetic coverage (genotyping chip and imputation panel density), 

the frequency of the genetic variants, the ancestry group, and the effect size.44,46–48 

Nelson et al. have estimated the power of GWAS across a range of genotyping 

chips, ancestry groups, minor allele frequencies, and effect sizes, suggesting that 

we are close to having identified the most relevant common variants for AF in 

European ancestry groups. Thus, the pursuit of new common variants for AF will 

likely be more successful if we focus on non-European ancestry groups and on 

low-frequency variants with large effect size.44 

A current challenge of GWAS is that the pace of genetic discovery has exceeded our 

capability to identify the causative genes. At many GWAS loci, there can be multiple 

potential candidate genes and deciphering which ones are causally related to AF 

is difficult. Genetic data has been combined with approaches such as expression 

quantitative trait loci (eQTL) mapping to discover the causative gene. In an eQTL 

analysis, a genetic variant is linked to expression of a gene in a relevant tissue, such 

as the left atrium or pulmonary veins.49,50 Such an approach will identify a likely 

causative gene in ~25-30% of AF loci. A complimentary approach is to perform 

epigenetic analyses that focus on defining the three-dimensional architecture of 

the genome. Many AF genetic variants are in noncoding regions of the genome and 

likely regulate the expression of nearby genes. Epigenetic methods such as HiC, 

STARR-seq among others, can help to identify these three-dimensional interactions 

and lead to the identification of another subset of causative AF genes.51,52
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In contrast to GWAS, high throughput exome and whole genome sequencing allow 

the identification of low-frequency genetic variants that can be associated with large 

effects on AF risk and may reveal missing heritability. Therefore, future sequencing 

efforts may focus on considerably larger sample sizes and on populations of non-

European ancestry to enhance the diversity and generalizability of these findings. 

Ultimately, given the sheer number of AF related loci, it will be essential to develop 

high throughput methods for identifying and characterizing these genes. Large-

scale overexpression or gene knockout in stem cell derived cardiomyocytes, 

followed by an assessment of the resulting electrical and structural effects, may be 

one approach to consider for gene prioritization. 

Genetics and AF progression

Genetic data of AF progression is currently difficult to obtain. Many cohorts have 

different definitions of AF progression and this complicates merging data of different 

cohorts into large datasets for genetic analyses. This thesis contributed to more 

available genetic information and insight into AF progression. However, genetic 

data and continuous monitoring of rhythm would permit ultimate understanding 

of AF progression patterns. Recently, the first interim analyses were published 

of a multicenter Dutch initiative, the Reappraisal of AF: Interaction Between 

HyperCoagulability, Electrical Remodelling, and Vascular Destabilisation in the 

Progression of AF (RACE V) registry, that uses loop recorders to gain more insight 

into the progression patterns of AF (ClinicalTrials.gov Identifier: NCT03124576).53 

Results showed that within the current definition of paroxysmal AF, temporal 

patterns of AF are not one entity. Individuals with more comorbidities (worse renal 

function, higher calcium score, thicker intima media thickness) seemed to have a 

higher burden of AF. RACE V is unique in collecting genetic data in combination with 

detailed AF progression data. When RACE V is completed, interesting details on 

(causal) interactions and genetic predisposition for different AF temporal patterns 

may be published. Future results of large studies with similar continuous data from 

smartphones, smart watches54 or implantable loop recorders in combination with 

genetic information may change current views of AF progression.

Genetics and AF management

Currently, the contribution of genetics to AF management is explored. Genetic 

risk prediction of AF and concomitant diseases is already possible with polygenic 
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risk scores. Polygenic risk scores could be used to identify individuals at high risk 

for AF and AF-associated diseases as, heart failure or stroke, to indicate who may 

benefit from screening for AF or to help guiding who may benefit from preventive 

therapies.55 We envision that in the future it is highly likely that individuals at risk 

of developing AF, or diagnosed with AF, will be genotyped for common genetic 

variants, an approach that would enable the calculation of genetic risk for a range 

of complex diseases. Genetic risk scores may support screening of AF and, by 

matching genotype of patients to the best fitting treatment, may increase success 

rates of AF treatment.

Despite considerable advances in our understanding of genetics, clinical risk factors 

and AF management; progress has been quite limited on the development of new 

antiarrhythmic drugs to treat AF. While the causes of limited new antiarrhythmic 

drug development are multifactorial, it is sobering that the traditional modalities of 

antiarrhythmic drug development seldom lead to market approval in Europe. Many 

novel genetic loci for AF are not directly “drugable” but require years in the wet-

lab for their functional effects to be mapped out. Identifying statistical associations 

between genetic variants and AF without knowing neither (I) which specific 

parts of the genetic loci carry the causal effects, nor (II) the underlying biological 

mechanisms carried by the causal variants, do limit our success in establishing 

new therapeutic targets. Interestingly, during this same time period, it has become 

increasingly clear that therapeutic targets search, using genetics in humans, seems 

to have a greater chance of ultimately making it to market.44

We need to identify the causal entities in the AF loci identified and disentangle 

their biological mechanisms in order to improve the development of new drugs 

and to understand how to improve AF interventions. One interesting application of 

this approach arose from the recent manuscript by Nielsen and colleagues. Out 

of 151 candidate genes for AF, they suggested 475 potential AF treatment targets, 

including 78 potential targets that are drugs that may control or trigger AF or other 

arrhythmias.56 We anticipate that using the genetically driven therapeutic targets 

will be a promising avenue for future drug development.57

Genetics could support existing therapeutic strategies of AF, like rate- or rhythm 

control.11 The goal of a rate control strategy is to lower heart rate in the presence 

of permanent AF in order to improve AF symptoms. Although the optimal heart 

rate target of AF patients is unclear, the RACE (Race control efficacy in Permanent 
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Atrial fibrillation) II randomized control trial showed that a lenient heart rate  control 

was non-inferior to a more strict rate control strategy.58,59 In rhythm control anti-

arrhythmic drugs or (invasive) techniques as electrical cardioversion, AF ablation 

is used to return to and maintain sinus rhythm. Furthermore, targeted therapy of 

underlying conditions, in addition to rhythm control therapy have shown to improve 

maintenance of sinus rhythm even more than rhythm control only.60 In the future, 

genetic variants may guide the choice of a rate- or rhythm control strategy by 

individually identifying those with higher chances of therapy success or higher risk 

of presenting side-effects. 

Recently, the impact of genetics on rate control was investigated. In a recent study, 

the effectiveness for maintenance of sinus rhythm was compared between two rate 

control medications, bucindolol and metoprolol.61 Bucindolol has greater benefit 

in heart failure patients with the beta1-adrenergic receptor (ARDB1) Arg389Arg 

genotype. Patients with heart failure with reduced ejection fraction, symptomatic 

AF and ARDB1 Arg389Arg genotype were selected (n=267). Recurrences of AF were 

not reduced in the pharmacogenetically-guided bucindolol group. However, in the 

subgroup of patients with first diagnoses of heart failure less than 12 years prior to 

the diagnosis of AF, bucindolol reduced AF recurrences. Further research is needed 

to confirm this observation. 

Some current antiarrhythmic drugs are already targeting processes influenced 

by AF loci. For example, the SCN5A gene associated with the sodium channel 

and the target for flecainide and propafenone.62,63 KCNH2 is associated with the 

alpha subunit of a potassium channel complex and is a target for sotalol and 

dofetilide.31 One of the largest studies about genetics and pharmacologic rhythm 

control therapy in AF was reported by Parvez et al. in the Vanderbilt AF registry, 

including 478 Caucasian individuals with documented AF (32% women, age 

63 ± 14 years), who used at least one antiarrhythmic drug.64 During a 12-month 

follow-up period, successful rhythm control (> 75% reduction in symptomatic AF 

burden, defined as frequency, duration and severity of symptoms, in a patient 

who remained on the same antiarrhythmic drug for a minimum of 6 months) 

was established in 399 (84%) individuals. A genetic variant at chromosome 4q25 

independently predicted successful rhythm control. As described previously, the 

gene closest to the 4q25 locus is PITX2, and loss of the cardiac isoform pitx2c can 

lead to failure to suppress a default pathway for the sinus node development of the 
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pulmonary myocardium or the cardiomyocytes in the left atrium.64 More studies 

at the intersection with genetic data and detailed information of AF treatment 

are needed before genetically tailored treatment will be part of the guidelines. 

The predictive ability of the three most strongly associated AF susceptibility loci 

in relation to AF recurrence after successful electrical cardioversion has been 

evaluated in a cohort of 184 individuals in the Vanderbilt AF registry. One hundred 

sixty-two individuals underwent successful electrical cardioversion, of which 108 

individuals had AF recurrence. A genetic variant at chromosome 4q25 (rs2200733) 

was significantly associated with AF recurrence after electrical cardioversion.65 

The outcome of electrical cardioversion of AF may be genetically predisposed; 

however, more and well-powered studies are needed to establish true associations.  

Other threads of exploration include genetic variants modulating outcomes 

of AF ablation. The use of genetic variants to predict AF catheter ablation 

outcome may be a promising clinical tool for the selection of patients for this 

procedure in the future. In 2013, Shoemaker et al. investigated 311 individuals 

in the Vanderbilt AF registry, of which 238 underwent only one ablation and 73 

underwent two or more.66 Of the 378 catheter-based AF ablations, 200 (53%) AF/

atrial flutter recurrences were observed. The AF risk allele, rs2200733, at the 4q25 

locus predicted shorter recurrence-free time after AF ablation. Park et al. found 

that the genetic variant rs2106216 at the  ZFHX3  locus on chromosome 16q22 was 

independently associated with a good response after AF ablation, but contradictory, 

no association was found with the PITX locus in the Korean Yonsei AF ablation cohort.67  

Increased polygenic risk for AF was strongly associated with AF recurrence in another 

Korean population from the Seoul National University Hospital and Korea University 

Guro Hospital.68 During 23 months of follow-up in 746 individuals (74% men, mean age 

= 59 ± 11 years), 168 (22.5%) had AF recurrence after AF catheter ablation. Individuals 

carrying 7 to 10 risk alleles of the 5 AF risk variants (rs1448818, rs2200733, rs6843082, 

rs6838973, and rs2106261) had a 2.66-fold increased risk of recurrence compared 

to the lowest risk group, where individuals carried zero to three risk alleles. Larger, 

well-phenotyped populations are necessary to discover new genetic variants 

associated with outcomes of AF ablation, e.g., a large-scale AF ablation GWAS may 

expose more common genetic variants related to AF recurrence after ablation.  

Recently, a polygenic risk score that was associated with incident AF was used to 

evaluate recurrences of AF after AF ablation therapy in 3259 AF patients.69 However, the 

incident AF polygenic risk score was not associated with AF recurrence after ablation.70
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The time will come when sufficient information about genetics and AF management 

is readily available in clinical practice and can be used to implement genetically 

driven strategies in AF management guidelines. This may be an important step 

to further personalize AF management. Integrated AF management is essential 

to achieve personalized medicine.11 The patient should be central in the decision 

making of AF management. In general, treatment options should be discussed and 

agreed with the patient and involved (multidisciplinary) healthcare professionals. 

One could imagine informing the patient about his/her own genetic profile and 

potential genetic risk for some diseases, like AF, may have a positive impact on 

treatment adherence.70 However knowledge about genetic risk can also negatively 

impact the life of an individual and can have mental, societal and even financial 

(insurance) consequences. In addition, most current genetic studies focus on 

Caucasian populations. Other ethnicities and their characteristic genotype may 

have been underrepresented in current literature. Personalized medicine may not 

be readily available for members of underrepresented populations. Future studies 

should make an effort to investigate more ancestry groups to ensure availability 

of genetically driven personalized care for individuals of all ancestries at risk or 

diagnosed with AF.

Conclusion
The complex biology of AF and AF heritability has been increasingly elucidated in the 

era of AF genetics research. This thesis shows that genetic risk variants may support 

causal entities of clinical determinants of AF and reveal different genetic profiles 

of individuals with AF. Nevertheless, our knowledge of the biologic mechanisms 

underlying the genetic associations is still limited. The translation of genetic 

information into clinical practice is difficult and far from ready to be implemented. 

Overall, better understanding of the genetics of AF will hopefully provide better 

tools to prevent, detect, and treat AF, thus reducing the impact of the disease both 

at an individual level and in a public healthcare perspective (Figure 2, Table 1). 

In the past decade international collaborations contributed to GWAS, high-

throughput sequencing, eQTL and epigenetic analyses that provided a new 

foundation for drug development, but also highlights the limitations of our 

understanding of the molecular mechanisms of AF. Small steps towards translation 

of genetic information into clinical implementation have been carefully taken. 

AF genetics could eventually be used to develop new therapeutics, when the 
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biological meaning of genetics variants is clarifi ed. Implementation of AF genetics 

in the daily clinical routine is therefore still some steps away, but the paradigm of 

AF management is shifting (Figure 3). In the next decade it is critical to pivot from 

genetic discovery to translation into new molecular targets, treatment outcomes 

and personalized therapies. Thus, in the long run personalized care of AF can be 

improved and benefi t the wellbeing of individuals at risk or diagnosed with AF.

▼Figure 2. Translation of genetics into clinical practice.

Figure 2 The missing heritability of AF can be revealed by focusing on mapping the polygenic 
structure of AF, improving risk prediction, therapeutic development, and patient-specifi c 
management. Details of suggested studies are described in Table 1. Future perspectives—
translating AF genetics into clinical practice. Abbreviations: AF = atrial fi brillation.
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Table 1. Future perspectives—translating AF genetics into clinical practice.

Direction Knowledge gaps Suggested studies

Genetic map-

ping of AF 

Total number of 

genetic variants  

 

Biology of AF

Heterogeneity of AF

• GWAS: Larger, non-European ancestry groups, more 

specific AF phenotypes 

• Whole-exome and -genome sequencing  

• Expand eQTL studies 

• Network analyses  

• In vivo and in vitro experiments 

• Gene–gene interaction 

• Epigenetics  

• Transcriptomics  

• Proteomics  

• Metabolomics  

• Discover new AF clinical risk factors  

• Validate AF risk models  

• Genetic classification of AF phenotypes 

• Investigate gene–environment interaction 

• PheWAS  

• Mendelian randomization studies of AF risk factors

AF prediction Polygenic risk 

scores

• Improve genetic risk scores for AF, AF subtypes, and 

AF-related phenotypes

Therapeutic 

development 

Treatment re-

sponse

• Improve genetic risk scores for AF treatment 

• Increase cohorts with both genetics and treatment 

response data

 • Investigate the underlying biological mechanisms 

of genetic variants to identify new drug targets

Patient specific 

management 

Individual concerns  

 

 

Societal concerns

• Focus on individualized risk assessment • How to 

relate to AF genetics and the ethical concept and 

resulting patient behavior 

• Cost-effective consequences

Table 1 is published in 'Atrial fibrillation genetics update: towards clinical implementation' in 
Frontiers Cardiovascular Medicine 2019.
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▼Figure 3. The shifting paradigm of AF management.

Figure 3 illustrates the paradigm shift of AF management towards genetic implementation. 
Information of familial clustering of AF have led genome wide association studies of  AF 
populations and high throughput secuencing of AF. Eff orts are made to move from genetic loci 
to causative genes which will stimulate the development of new therapeutics for AF. Finally, 
genetically based treatment will further personalize and improve current AF management.
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