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Aims Atrial fibrillation (AF), the most common sustained cardiac arrhythmia, is an important cause of morbidity and mor-
tality. A genetic mutation in the NPPA gene, which encodes the atrial natriuretic peptide, has been identified as the
putative causative factor in a family with an autosomal dominant pattern of inheritance for AF. Two common single
nucleotide polymorphisms (SNPs) in NPPA, rs5063 and rs5065, result in amino acid changes of the primary peptide
and have been previously implicated in conditions associated with AF, including stroke and hypertension. Recently,
the rs5063 SNP has been reported to confer an increased risk of AF development in a Chinese population. We
sought to examine the associations of both rs5063 and rs5065 with AF in two separate North American cohorts
of European ancestry.

Methods
and results

Patients with early-onset AF, along with healthy controls, were recruited at the University of Ottawa Heart Institute
(UOHI) and the Massachusetts General Hospital (MGH). Study participants were genotyped for rs5063 and rs5065
using a combination of restriction fragment length polymorphism analysis and DNA microarrays. The study geno-
typed a total of 620 AF cases and 2446 healthy controls. The UOHI arm of the study identified an odds ratio
(OR) of 0.72 [95% confidence interval (CI): 0.42–1.24] for rs5063, whereas an OR of 1.33 (95% CI: 0.80–2.21)
was observed in the MGH arm. The combined OR approximated unity (OR 0.99; 95% CI: 0.54–1.80). Analysis of
rs5065 revealed an OR of 1.12 (95% CI: 0.84–1.48) in UOHI, 1.08 (95% CI 0.80–1.45) in MGH, and 1.10 (95%
CI 0.90–1.35) when combined.

Conclusion Common non-synonymous genetic variants within NPPA in these two large North American cohorts of European
ancestry are not associated with the development of AF.
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Introduction
Atrial fibrillation (AF) represents the most common sustained
cardiac arrhythmia and is an important contributor to cardiovascu-
lar morbidity and mortality.1 Its ubiquitous presence within the
general population is reflected by a 25% lifetime risk of developing
the arrhythmia in those 40 years of age.2 The significance of this
striking figure is amplified by a recent study suggesting that the

number of Americans affected by AF may undergo a nearly seven-
fold increase to as many as 16 million by the year 2050.3 AF is an
independent risk factor for death4 and is commonly associated
with stroke. The presence of AF confers an age-dependent
increase in the attributable risk of stroke ranging from 1.5% in
those aged 50–59 years to 23.5% in octogenarians.5 This is particu-
larly relevant given the aging population and is further exacerbated
by the modest therapeutic efficacy of current treatment regimens.
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A detailed understanding of the pathophysiology underlying AF
remains elusive; however, recent work suggests that genetics play
an important role.6,7 This is particularly the case in lone AF,
whereby the arrhythmia develops at a relatively early age in
the absence of established risk factors.8,9 Over the past decade,
genes encoding cardiac potassium channels, sodium channels,
and connexins have been identified as predisposing factors
for the arrhythmia in cases of lone AF.10–17 In the context
of the more common forms of AF, recent genome-wide
association studies have identified variants at three genetic loci
that are associated with AF, 1q21, 4q25, and 16q22, although
the culprit genes within these regions have yet to be
identified.18– 21

Recently, Hodgson-Zingman et al.22 reported that a mutation in
the gene encoding atrial natriuretic peptide (ANP), NPPA, was
responsible for an autosomal dominant form of familial lone AF
(Figure 1). Unlike previous genetic associations with AF, this
study implicated a circulating hormone as the causative factor.
The reported frameshift mutation within NPPA resulted in the
loss of a stop codon and extension of the reading frame leading
to a mutant peptide that is 12 amino acids longer than the wild-
type.22 This novel and presumably rare mutation implicates ANP
in AF pathophysiology. The association of natriuretic peptides
and the arrhythmia is further supported by recent work which
demonstrated that increased B-type natriuretic peptide levels pre-
dicted the development of incident AF.23,24

The possibility of a link between common genetic variants within
NPPA and AF has been intriguing given the previous association of
rs5063 (Val32Met) and rs5065 (X152Rext*3, reflecting a stop
codon mutation and the addition of two additional amino acids
to the peptide) with hypertension and stroke. Hypertension is a
risk factor for AF, whereas stroke, as mentioned, is a common
outcome of AF. Well-powered genetic association studies have
suggested that the rs5063 minor allele may have a protective
effect against the development and progression of hyperten-
sion.25,26 Given that hypertension is a risk factor for AF, it is con-
ceivable that rs5063 may also provide a protective effect against
the development of AF. In contrast, the minor alleles of both
rs5063 and rs5065 have been suggested to increase the risk of
stroke.27,28

A recent study in a Chinese population involving 384 AF cases and
844 controls initially found no relation between rs5063 and AF;
however, when the analysis was restricted to the 160 cases of lone
AF a significant association emerged.29 The presence of the rs5063
minor allele conferred an increased risk of developing lone AF
with an odds ratio (OR) of 1.63 [95% confidence interval (CI):
1.09–2.43] which increased to 1.89 (95% CI: 1.26–2.81) following
multivariable adjustment. This intriguing result suggesting a link
between a common NPPA single nucleotide polymorphism (SNP)
and AF would further support the role of natriuretic peptides in
the pathophysiology of the arrhythmia and could have important
clinical implications in the context of both primary prevention and
medical treatment strategies. Accordingly, we sought to further
investigate a potential relationship between common non-
synonymous NPPA genetic variants, including rs5063, and early-onset
AF in two large North American cohorts of European ancestry.

Figure 1 NPPA gene structure and expression. Transcription
and translation of its three exons initially yields preproANP, a
151 AA protein. Post-translational modifications generate ANP
along with the N-terminal proANP peptides. ANP, LANP,
Vessel Dilator, and Kaliuretic Hormone are all felt to have bio-
logical activity. Adapted from Vesely.42

Evaluation of NPPA SNPs in Atrial fibrillation 1079



Methods

Clinical recruitment
University of Ottawa Heart Institute
Patients with lone AF or AF and hypertension were recruited from the
referral base for AF management at the Arrhythmia Clinic at the Uni-
versity of Ottawa Heart Institute (UOHI). All AF cases had at least one
episode of electrocardiographically documented AF characterized by
erratic atrial activity without distinct P waves and irregularly irregular
QRS intervals. Exclusion criteria consisted of risk factors for AF,
aside from hypertension, including a history of coronary artery
disease, left ventricular ejection fraction ,50% or significant valvular
disease on echocardiography. Patients with AF onset after age 60
years also were excluded to limit the influence of age-related factors
and enhance the likelihood of genetic-based vulnerability to AF.
Control subjects were drawn from the control arm of the Ottawa
Heart Genomics Study (OHGS), a case–control genome-wide associ-
ation study involving 1542 cases of coronary artery disease and 1455
healthy asymptomatic elderly persons without a history of cardiovas-
cular disease.30 Controls from OHGS were excluded if they had a
reported history of AF or were recruited prior to the age of 70 years.

All cases and controls were of European ancestry. Study participants
provided written informed consent under a protocol approved by the
Ethics Research Board at UOHI.

Massachusetts General Hospital
The Massachusetts General Hospital (MGH) AF study8 is comprised of
consecutive patients with early-onset AF referred to the arrhythmia
service between 5 July 2001 and 19 February 2008. Patients with elec-
trocardiographically documented AF and age ,66 years at the time of
AF onset were eligible for inclusion. Individuals with structural heart
disease as assessed by echocardiography, hyperthyroidism, myocardial
infarction, or heart failure were excluded. Each patient underwent a
physical examination and standardized interview. All patients were
evaluated by 12-lead electrocardiogram, echocardiogram, and labora-
tory studies. Referent subjects were comprised of unrelated subjects
aged 18–74 years from the Framingham Heart Study (FHS),31 –33 in
whom follow-up data were available, with no history of AF at blood
draw or in follow-up, and no history of myocardial infarction, heart
failure, or valve disease at baseline.

Genetic analyses
Genomic DNA was extracted from blood samples using a commer-
cially available kit (PUREGENEw, Gentra Systems Inc., Minneapolis,
MN, USA). Genotyping of rs5063 and rs5065 for UOHI was per-
formed via amplification of NPPA exons with the polymerase chain
reaction using oligonucleotide primers based on previous work by

Hodgson-Zingman et al.22 followed by restriction fragment length
polymorphism (RFLP) analysis. The SNP identity was determined
based on the RFLP profile after restriction enzyme digestion with
BceAI (rs5063) and ScaI (rs5065) as previously described.34 Digestion
products were resolved using 1.5% agarose gel electrophoresis and
visualized with ethidium bromide. Genotyping for OHGS was per-
formed using either the Affymetrix 5.0 or 6.0 arrays (Santa Clara,
CA, USA). A subset of 91 control genotypes was additionally reac-
quired using RFLP to assess for concordance between genotyping
methods. Whole genome SNP analysis was performed in MGH and
FHS using the Affymetrix 6.0 and 5.0 arrays augmented with the
50 K Human Gene Focused Panel, respectively. Both rs5063 and
rs5065 were directly genotyped on these platforms.

Statistical analysis
To ensure no genotyping errors, both SNPs were tested for deviation
from Hardy–Weinberg equilibrium using an exact test. The association
between each SNP and AF was determined by logistic regression with
adjustment for sex and hypertension (UOHI/OHGS), or age, sex, and
hypertension (MGH/FHS) assuming an additive genetic model. The
associations between each SNP and AF were meta-analysed using
the DerSimonian–Laird random-effects model using the inverse
variance method to pool log OR.35 All statistical calculations were
carried out using R.36

Power estimates were obtained for a x2 additive test using the
Genetic Power Calculator (http://pngu.mgh.harvard.edu/~purcell/
gpc/).37 Estimates of SNP minor allele frequency were obtained from
the HapMap CEU population.38 Power calculations were performed
using relative risks assuming an additive effect between heterozygous
and homozygous states. A power estimate of the meta-analysis was
obtained by considering a sample size equivalent to pooling the
UOHI/OHGS and MGH/FHS samples. Power was estimated based
on a minor allele frequency of 6% for rs5063 and 14% for rs5065,
assuming a prevalence for AF of 1% and an alpha of 0.025. For hetero-
zygous relative risks of 1.25 and 1.5, estimates of the power for a
pooled sample size were 0.328 and 0.8816 for rs5063 and 0.615 and
0.993 for rs5065, respectively.

Results
A total of 620 AF cases and 2446 healthy controls were genotyped
in the study. The UOHI/OHGS arm of the study enrolled 245
patients with AF and 1338 controls, whereas 375 AF patients
and 1108 referents were enrolled through MGH/FHS. The baseline
clinical characteristics of these cohorts are summarized in Table 1.

Acquisition of 91 control genotypes for rs5063 and rs5065 in
OHGS was performed using both RFLP and DNA microarrays.
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Table 1 Clinical characteristics of the AF and control cohorts from UOHI/OHGS and MGH/FHS

Characteristics UOHI/OHGS MGH/FHS

AF Control AF Control

Number 245 1338 375 1108

Agea (Mean+ SD) 46.7+10.9 75.5+4.8 46.1+11.7 59.4+9.8

Male (%) 78.4 50.4 81 45

Hypertension (%) 23.3 36.1 22.6 39.6

aAge at onset of AF for cases or age at DNA collection for controls.
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A concordance of 98 and 99% was observed between the two
methods, respectively. Analysis for deviation from Hardy–
Weinberg equilibrium in UOHI/OHGS was acceptable with a
P-value of 0.074 for rs5063 and 0.078 for rs5065, whereas both
SNPs from MGH/FHS met the pre-specified threshold suitable
for study (P . 1 × 1026).

The calculated OR for rs5063 in UOHI/OHGS was 0.72 (95%
CI: 0.42–1.24), although the OR for MGH/FHS was 1.33 (95%
CI: 0.8–2.21; Table 2). Combining the results from both centres
yielded an overall OR of 0.99 (95% CI: 0.54–1.80) indicative of
no association between rs5063 and AF (Table 2). Analysis of
rs5065 in UOHI/OHGS produced an OR of 1.11 (95% CI: 0.84–
1.47), whereas an OR of 1.08 (95% CI: 0.80–1.45) was observed
in MGH/FHS (Table 2). When combined, the overall OR was
1.10 (95% CI: 0.90–1.35) indicating no association with rs5065
and AF (Table 2).

Discussion
We performed a case–control study of non-synonymous or amino
acid altering SNPs within the NPPA gene in 620 cases of lone AF or
AF with hypertension and 2446 healthy controls recruited from
two North American centres. These investigations were initiated
following work which identified a frameshift mutation within
NPPA as the cause of an autosomal dominant form of lone AF.
Although this mutation is likely rare and not a common contribu-
tor to AF, the recognition that ANP may influence AF pathophy-
siology raised the possibility that common variants within NPPA
may predispose to the arrhythmia. This notion was further
fuelled by the findings of a recent study suggesting that rs5063, a
common NPPA SNP, was associated with a significantly increased
risk of developing the arrhythmia in Chinese patients with lone
AF. Nonetheless, in this study involving two large North American
cohorts with early-onset AF we found no association of the
arrhythmia with either rs5063 or rs5065.

There are a variety of potential explanations that may account
for the discordant results between our work and the Chinese
group. Firstly, their relatively small sample size and lack of a repli-
cation sample may have led to a spurious finding, especially given
the low minor allele frequency of rs5063 in the range of 5–
10%.29,39 Our inability to replicate their finding with a much
larger number of AF cases and controls increases the likelihood
that their apparent association may have been a false positive
result. Alternatively, differences in linkage disequilibrium patterns

between Chinese and European ancestral populations may result
in the tested SNPs being differentially linked to a common causal
element, such that an association is only observed among those
of Chinese ancestry. Lastly, the susceptibility loci for AF may
differ to some degree in these two ancestral populations. The
differences in genetic background between subjects of European
and Chinese descent could alter the biologic importance of a
SNP with AF pathophysiology and may contribute to the conflict-
ing results.

It should also be noted that there were minor differences in the
baseline clinical characteristics of the patients recruited into each
study. The average age of AF onset in our study was 46 years com-
pared with 55 years in the Chinese study. In addition, �23% of our
patients had hypertension whereas only lone AF cases were ana-
lysed in the Chinese group. These discrepancies, although unlikely,
could conceivably have resulted in cohorts with different forms or
sub-phenotypes of AF driven by distinct processes.40 In this
context, it is conceivable that a particular SNP could increase
the risk of one form of AF, but have no effect on another AF sub-
phenotype. This is of particular interest given the reported associ-
ation between rs5063 and hypertension and the possibility that the
SNP may influence AF pathophysiology through a hypertension-
induced tissue alterations that may promote AF. Given that only
lone AF cases without hypertension were examined in the
Chinese group, this should not account for their reported associ-
ation. A potential hypertensive mediated relation between rs5063
and AF in the AF cases with hypertension in our study could have
been obscured by adjusting for hypertension in our analysis;
however, this was excluded when an unadjusted model also
failed to identify an association.

The benefits of unravelling the genetics underlying AF will hope-
fully include the ability to identify individuals at high risk of devel-
oping the arrhythmia. In combination with current prediction
models guided by clinical criteria, identification of at-risk individuals
may facilitate implementation of primary preventive measures that
may curb the rising incidence of AF.41 A second beneficial outcome
to clinical practice that may be derived from an improved genetic
understanding of AF is the ability to identify the underlying patho-
physiologic factors driving the arrhythmia in a particular patient.
Given the heterogeneous nature of AF, a targeted form of
therapy that specifically addresses the driving factors within a
given patient should maximize treatment efficacy and reduce
adverse effects. This pharmacogenomic paradigm should serve to
improve the modest efficacy of contemporary treatment strategies.
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Table 2 Genotyping results for rs5063 and rs5065 and their association with AF

Cases/Controls rs5063 rs5065

OR 95% CI P-value OR 95% CI P-value

UOHI/OHGS 0.72 0.42–1.24 0.24 1.12 0.84–1.48 0.44

MGH/FHS 1.33 0.80–2.21 0.27 1.08 0.80–1.45 0.63

Combined 0.99 0.54–1.80 0.96 1.10 0.90–1.35 0.36

ORs, CIs, and P-values are derived from logistic regression adjusted for gender and hypertension (UOHI/OHGS), and gender, hypertension and age (MGH/FHS). Meta-analysis
(UOHI/OHGS+MGH/FHS) was calculated using the DerSimonian–Laird random-effects model.
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However, prior to the development of a genetic risk score or
implementation of a pharmacogenomic strategy for AF in routine
clinical practice, it remains necessary to identify relatively
common genetic variants that predispose to the arrhythmia.
Although NPPA has been implicated in the development of AF,
our study does not suggest a strong influence of the common
non-synonymous genetic variants within NPPA on the risk of AF.
Therefore, in the absence of an autosomal dominant form of the
arrhythmia, genetic variation within NPPA may not be useful in
the development of clinical tools or treatment strategies for AF.

This case–control study possesses important limitations
including a modest power given the low minor allele frequencies
for both SNPs. Although our study was well-powered to detect
a moderate-sized association with AF, we cannot rule out a poten-
tial weak relationship. In addition, subjects were limited to subjects
of European ancestry and the results may not be reflective of other
ethnicities. Finally, this study examined lone and early-onset AF and
may not be generalizable to other subtypes of AF such as AF
associated with structural heart disease.

Conclusions
Our data extend prior knowledge by examining the association of
common, non-synonymous genetic variants in NPPA in patients
with early-onset AF. Despite prior reports, we have found no
relation for the amino acid altering rs5063 and rs5065 SNPs in
NPPA and the risk of AF development.
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