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Aims Atrial fibrillation (AF) is a frequent co-morbidity in heart failure (HF) associated with increased mortality, but little is
known about the mechanisms underlying AF onset in HF patients. We evaluated the association of cardiovascular and
genetic risk factors with AF in HF patients.

Methods
and results

Individuals hospitalized for HF (n ¼ 1040; 500 with AF) were identified from a large, population-based cohort study
(n ¼ 30 447; 2339 with AF). Genetic polymorphisms in the chromosomal regions 4q25 (rs2200733) and 16q22
(rs2106261) associated with AF in genome-wide association studies were genotyped. Association of cardiovascular
risk factors and polymorphisms with AF was tested in HF patients and the entire cohort using both prospective and
non-time-dependent models. Cardiovascular risk factors—hypertension, body mass index, sex, smoking, diabetes,
and myocardial infarction—were associated with AF in the entire cohort but not in HF patients. In contrast, poly-
morphisms on chromosomes 16q22 and 4q25 were associated with AF both in the entire cohort and in HF patients,
conferring 75% [95% confidence interval (CI) 35–126, P ¼ 2 × 1025] and 57% (95% CI 18–109, P ¼ 0.002)
increased risk of AF per copy in HF patients, respectively. In the entire cohort, AF risk in the presence of HF was
multiplicatively magnified by genotype for 16q22 (P for interaction ¼ 7 × 1024) but not 4q25 (P ¼ 0.83). In prospect-
ive analyses excluding patients with AF diagnosis prior to or simultaneously with HF diagnosis, 16q22 but not 4q25
remained robustly associated with AF (hazard ratio 1.96, 95% CI 1.40–2.73, P ¼ 8 × 1025). The proportion of AF
diagnoses in HF patients attributable to polymorphisms was 19% and 12%, respectively.

Conclusions A polymorphism in the ZFHX3 gene, encoding a cardiac transcription factor, was associated with increased AF risk in
HF patients, and the genetic association with AF was more pronounced in HF patients than in the general population.
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Introduction
Heart failure (HF) is frequently complicated by atrial fibrillation
(AF), the most common sustained cardiac arrhythmia.1 Onset of
AF in HF patients is associated with increased morbidity and mor-
tality, potentially mediated by a rapid ventricular rate, loss of atrial
contraction, irregular ventricular filling time, or thrombo-
embolism.2 –5 The prevalence of AF rises steeply with the severity

of HF. However, more than half of patients with severe HF do not
develop recognized AF,2– 6 and pathophysiological mechanisms
linking the two diseases remain largely uncharacterized.7 We
therefore aimed to examine the risk factors for AF in patients
with HF. Importantly, genetic factors could theoretically explain
at least part of the AF risk in HF, but studies examining the herit-
ability of AF in HF patients are challenging because of the
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complexity of assembling multigenerational HF samples of suffi-
cient size. As an initial test for a genetic basis of AF in the
context of HF, we examined the association of genetic polymorph-
isms found to influence AF risk in genome-wide association
studies8210 with occurrence of AF in HF patients.

Methods

Study sample
The population-based Malmö Diet and Cancer study (MDCS) included
30 447 randomly selected men born between 1923 and 1945, and
women born between 1923 and 1950 from Malmö, Sweden. Partici-
pants attended baseline examinations between 1991 and 1996 with
sampling of peripheral venous blood and collection of cardiovascular
characteristics as previously described.11– 13 Briefly, participants under-
went anthropometric measurements, measurement of blood pressure
using a mercury column sphygmomanometer in the supine position
after 10 min of rest, and filled out a questionnaire including information
about current smoking, diabetes mellitus, and medication use. Diabetes
mellitus at baseline was defined as self-reported physician’s diagnosis,
use of antidiabetic medications, or fasting blood glucose .6.0 mmol/
L when available. Hypertension was defined as use of antihypertensive
medications or blood pressure ≥ 140/90 mmHg. Informed consent
was obtained from all participants, and the study was approved by
the ethics committee of Lund University, Sweden.

Patient selection
Individuals diagnosed with HF, AF, or myocardial infarction were iden-
tified by register linkage of Swedish personal identification numbers14

to national Swedish registers [Swedish Cause of Death Register (CDR)
and Swedish Hospital Discharge Register (HDR)] maintained by the
Swedish National Board of Health and Welfare15 as described previ-
ously.11,12 Follow-up extended until 1 January 2009.

Heart failure was ascertained from the Swedish HDR using a
primary diagnosis code of 427.00, 427.10, and 428.99 for International
Classification of Diseases-8th Revision (ICD-8), 428 for the 9th Revi-
sion (ICD-9), and I50 and I11.0 for the 10th Revision (ICD-10).
Atrial fibrillation was ascertained from the HDR or the CDR using
diagnosis codes 427.92 (ICD-8), 427D (ICD-9), and I48 (ICD-10).
Myocardial infarction was ascertained from the HDR or the CDR
using diagnosis codes 410 (ICD-8 and -9) and I21 (ICD-10). High
case validity in the HDR and CDR has previously been reported for
these definitions of HF,16 AF,11 and myocardial infarction.17

Genotyping
Two single nucleotide polymorphisms (SNPs) on chromosomes 4q25
near PITX2 (rs2200733) and 16q22 in ZFHX3 (rs2106261) associated
with AF risk in genome-wide association studies and subsequently
replicated in independent samples8210 were genotyped in individuals
from the MDCS who contributed DNA.18 DNA was extracted from
peripheral blood cells and assigned to batches without regard to AF
or HF status. Batches were genotyped with the same set of reagents
using real-time polymerase chain reaction reagents and protocols on
an ABI 7900HT (Life Technologies, Carlsbad, CA, USA) according to
the manufacturer’s instructions. Genotype calls were obtained using
SDS 2.3 software (Life Technologies, Carlsbad, CA, USA) and were
manually curated.

Statistical analysis
As the exact onset of AF and HF can be difficult to determine and the
temporal sequence of diagnoses of AF and HF can vary,3–5 primary
analyses were performed under non-time-dependent assumptions.
Genetic polymorphisms and cardiovascular risk factors [hypertension,
body mass index (BMI), history of myocardial infarction, diabetes mel-
litus, and current smoking] were tested for association with AF in HF
patients using unconditional logistic regression analysis adjusted for
baseline age and sex. P-values ,0.05 were considered statistically sig-
nificant. Genetic polymorphisms were primarily tested using additive
genetic models as in previous studies,8–10 and population-attributable
risk was estimated from these models,11 but genotype-specific risk
models were also evaluated. In a first sensitivity analysis, the association
of risk factors with AF was tested prospectively in patients diagnosed
with AF only after HF, using Cox proportional hazards regression with
censoring at death or emigration, and exclusion of individuals with a
diagnosis of AF before or simultaneously with HF. Results were com-
pared with logistic regression analyses, given the potential differences
between onset date and diagnosis date. In a second sensitivity analysis,
individuals diagnosed with AF or HF prior to baseline were excluded.
In a third sensitivity analysis, exclusions in the other two sensitivity ana-
lyses were combined. Finally, in an analysis of all participants in the
entire cohort with DNA, risk estimates for AF in HF patients were
compared with estimates in the general population obtained from lo-
gistic regression analysis by including multiplicative interaction terms
for genotype with HF. Interaction of genetic polymorphisms with age
was also explored. All analyses were performed using SAS 9.2 (SAS In-
stitute, Cary, NC, USA).

Results
An outline of the cohort is shown in Figure 1. DNA was available
for 28 454 individuals, of whom 2339 (8.2%) were diagnosed
with AF prior to baseline or during follow-up. A total of 1040 indi-
viduals with DNA from the MDCS were diagnosed with HF prior
to baseline or during follow-up, of whom 500 (48%) were also
diagnosed with AF. Of participants with both AF and HF, 283
(57%) were diagnosed with AF first [median 992 days earlier, inter-
quartile range (IQR) 199–2513], 113 (23%) were diagnosed with
HF first (median 611 days earlier, IQR 132–1995), and 104
(21%) were diagnosed with both diseases simultaneously. Baseline
characteristics for the HF cohort and the entire MDCS cohort are
shown in Table 1. In contrast to the entire cohort, HF patients
were predominantly male (58.0%), with an average age at diagnosis
of 72.2 years. A large proportion (29.4%) of HF patients had a
history of myocardial infarction at HF diagnosis.

Cardiovascular risk factors for atrial
fibrillation in heart failure patients
Of cardiovascular risk factors, age, sex, BMI, history of hyperten-
sion, myocardial infarction, and diabetes were associated with AF
in the entire cohort (Table 2). In HF patients, increased age at diag-
nosis [odds ratio (OR) 1.22 per 10 years, 95% confidence interval
(CI) 1.04–1.43, P ¼ 0.02] but not history of hypertension, BMI,
sex, smoking, or diabetes (P ≥0.05) was associated with increased
risk of AF. A history of myocardial infarction was marginally asso-
ciated with a decreased risk of AF (OR 0.75, 95% CI 0.57–0.99,
P ¼ 0.04) independently of age. In the first sensitivity analysis,
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prospective analyses excluding individuals diagnosed with AF prior
to or simultaneously with HF, no risk factor was associated with AF
in HF patients (all P . 0.05). In the second sensitivity analysis, ex-
cluding individuals diagnosed with HF or AF prior to baseline, only
age remained associated with AF (OR 1.44 per 10 years, 95% CI
1.17–1.78, P ¼ 6 × 1024). In the third sensitivity analysis, with
exclusions from both of the other sensitivity analyses, no risk
factor was associated with AF in HF patients (all P . 0.05).

Genetic risk factors for atrial fibrillation
in heart failure patients
Both SNPs on chromosomes 4q25 and 16q22 were genotyped in
MDCS, with a call rate .0.95.18 Minor allele frequencies (Table 1)
were similar in the entire cohort and in the HF cohort, and similar
to previous AF studies (4q25, 0.17–0.23; 16q22, 0.17–0.19)8,10,19

and the European sample (CEU) in the third phase of the
HapMap Project (4q25, 0.12; 16q22, 0.16).

Both SNPs were associated with increased risk of AF in HF
patients in additive models (16q22 OR 1.75 per risk allele, 95%
CI 1.35–2.26, P ¼ 2 × 1025; 4q25 OR 1.57 per risk allele, 95%
CI 1.18–2.09, P ¼ 0.002). Risk of AF by genotype and in additive
models is shown in Table 3. Adjustment for established risk
factors shown in Table 1 did not attenuate the SNP associations
(data not shown). We observed no significant interaction of poly-
morphisms with age at diagnosis (P for interaction . 0.05). The AF
risks in HF patients attributable to polymorphisms were 19% and
12% for SNPs on 16q22 and 4q25, respectively.

In the first sensitivity analysis, individuals diagnosed with AF
prior to or simultaneously with HF diagnosis were excluded,
leaving 653 individuals with HF. During a median follow-up of 1.7
years, 113 individuals were diagnosed with AF. In this sample,
the SNP on 16q22 remained strongly associated with AF risk
[hazard ratio (HR) 1.96 per risk allele, 95% CI 1.40–2.73, P ¼
8 × 1025] but not 4q25 (HR 1.14 per risk allele, 95% CI 0.75–
1.75, P ¼ 0.53). In prospective analyses, risk estimates were
similar when obtained from Cox proportional hazards regression
and logistic regression models. In a second sensitivity analysis, indi-
viduals diagnosed with HF (n ¼ 87) or AF (n ¼ 69) prior to base-
line were excluded. Both SNPs remained associated with AF risk
(4q25 OR 1.40 per risk allele, 95% CI 1.03–1.91, P ¼ 0.03;
16q22 OR 1.76 per risk allele, 95% CI 1.35–2.30, P ¼ 3 × 1025).
In a third combined sensitivity analysis, excluding individuals diag-
nosed with AF prior to or simultaneously with HF and individuals
diagnosed with HF or AF prior to baseline, the SNP on 16q22 (HR
1.98 per risk allele, 95% CI 1.39–2.82, P ¼ 1 × 1024) but not that
on 4q25 (HR 1.24, 95% CI 0.80–1.91, P ¼ 0.34) remained asso-
ciated with AF. Results from sensitivity analyses are shown in Sup-
plementary material, Table S1.

Figure 1 Description of the cohort. AF, atrial fibrillation; HF,
heart failure.
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Table 1 Baseline characteristics

Characteristic MDCS
(n 528 454)

Heart failure patients
(n 5 1040)

Baseline age, years 58.0 (7.7) 63.5 (6.7)

Age at HF diagnosis, years – 72.2 (8.1)

Men, % 39.7% 58.0%

Body mass index, kg/m2 25.8 (4.0) 27.8 (4.7)

History of
hypertension, %

61.3% 86.1%

History of myocardial
infarction, %

2.0% 29.4%

History of diabetes, % 3.1% 11.6%

Current smoking, % 28.8% 32.7%

4q25 (rs2200733, C/T) 10.1 % 11.8 %

16q22 (rs2106261, G/A) 17.5 % 16.2 %

Mean and standard deviation are given for quantitative variables. For history of
myocardial infarction, numbers refer to the proportion of patients diagnosed prior
to baseline or heart failure diagnosis, respectively. For genetic polymorphisms,
major/minor alleles are shown within parentheses followed by minor allele
frequencies.
HF, heart failure; MDCS, Malmö Diet and Cancer Study.
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Compared with HF patients with no risk alleles (n ¼ 547), AF
risk increased in a dose-dependent fashion in patients with one
risk allele (n ¼ 345, OR 1.46, 95% CI 1.13–1.89, P ¼ 0.004) or
two risk alleles (n ¼ 89, OR 2.04, 95% CI 1.30–3.22, P ¼ 0.002).
The number of individuals with more than two risk alleles was
small but, interestingly, all individuals with three (n ¼ 5) or four
(n ¼ 1) risk alleles were diagnosed with AF (Fisher’s exact P ¼
0.03 and P ¼ 0.48, respectively). Larger samples will be necessary
to study individuals with more than two alleles, and for formal
tests of gene–gene interaction.

Interaction analyses in the general
population
In the entire cohort, AF risk was higher in HF patients (OR 9.24,
95% CI 8.03–10.64, P ¼ 1 × 102210) and in risk allele carriers
for SNPs on both 4q25 (OR 1.58, 95% CI 1.44–1.73, P ¼ 6 ×
10222) and 16q22 (OR 1.14, 95% CI 1.05–1.23, P ¼ 0.001) as
shown in Table 3. AF risk estimates were similar to those reported
in previous population-based studies for SNPs on 4q25 (OR 1.45,
95% CI 1.36–1.54) and 16q22 (OR 1.19, 95% CI 1.12–1.26).10 AF
risk by genotype was significantly magnified in the presence of HF
for 16q22 (P for interaction ¼ 7 × 1024) but not 4q25 (P for
interaction ¼ 0.83), as detailed in Table 3. Interaction terms of
SNPs with age at HF diagnosis were not significant (P . 0.05)

Discussion
We examined risk factors for AF in a large population-based
cohort of patients hospitalized for HF. Whereas the conventional
risk factors for AF in the general population—hypertension,
smoking, diabetes, and BMI11,12,18,20—were not associated with
AF in HF patients, strong associations were observed with two
genetic polymorphisms near genes encoding cardiac transcription
factors. The SNP on chromosome 16q22 but not that on 4q25
remained robustly associated with AF in prospective analyses
restricted to patients with AF diagnosed after HF. Moreover, our

findings suggest context dependency on AF risk for the chromo-
some 16q22 polymorphism, with a substantially larger relative
risk of AF in HF patients (75% per copy) than in the general popu-
lation (14% per copy). Our findings in HF patients might provide
new clues on mechanisms linking HF to AF, for which understand-
ing is limited.

Cardiovascular risk factors for atrial
fibrillation in heart failure patients
Principally, the increased occurrence of AF in HF patients could
result from common aetiological factors acting independently on
both ventricles and atria or from atrial effects of ventricular dys-
function, such as atrial stretch from increased filling pressure or
increased neurohormonal activation. Although certain HF aetiolo-
gies such as infiltrative, infectious, or deposition diseases could po-
tentially act on both atria and ventricles, the lack of association of
the major AF risk factors with AF in HF patients in the present
study argues against independent effects of these factors on atria
and ventricles, and suggests that association between cardiovascu-
lar risk factors and AF could instead be mediated by ventricular
dysfunction resulting in increased atrial stretch and neurohormonal
activation. Further support for this view comes from studies of HF
patients in which the prevalence of AF is strongly correlated with
measures of HF severity and filling pressure, such as New York
Heart Association (NYHA) class,2 and from population-based
studies which have shown substantial overlap of conventional
risk factors and echocardiographic measures of systolic ventricular
dysfunction, increased left ventricular mass, and atrial dilation for
AF risk.21 Consequently, in HF patients, other factors such as the
severity of HF, timeliness of treatment, and potentially a genetic
susceptibility could be expected to be more important determi-
nants of AF. The lack of association of AF with conventional risk
factors in HF patients could also reflect more limited power to
detect associations in this smaller subcohort, potentially reduced
further by regression dilution bias as discussed below.
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Table 2 Association of cardiovascular risk factors with atrial fibrillation

Risk factor MDCS Heart failure patients

OR (95% CI) P-value OR (95% CI) P-value

Age, 10 years 2.33 (2.19–2.49) ,0.001 1.22 (1.04–1.43) 0.02

Male sex 1.77 (1.62–1.94) ,0.001 1.30 (1.00–1.68) 0.05

Body mass index, kg/m2 1.06 (1.04–1.07) ,0.001 1.01 (0.99–1.04) 0.33

History of hypertension 1.54 (1.37–1.72) ,0.001 1.15 (0.79–1.68) 0.48

History of myocardial infarction 1.82 (1.48–2.25) ,0.001 0.75 (0.57–0.99) 0.04

History of diabetes 1.31 (1.08–1.59) 0.007 0.77 (0.51–1.15) 0.20

Current smoking 1.09 (0.99–1.20) 0.10 0.85 (0.65–1.11) 0.24

Relative risk estimates from multiple regression analyses are presented with the corresponding confidence interval and P-value for the entire cohort and heart failure (HF) patients.
Risk estimates are presented per 10 years of baseline age for the entire cohort and per 10 years of age at diagnosis in HF patients. Risk estimates for myocardial infarction are
presented for prevalent myocardial infarction at the baseline visit for the entire cohort and for prevalent myocardial infarction at the time of HF diagnosis in HF patients. Body mass
index and history of hypertension, diabetes, and smoking refer to the baseline visit.
CI, confidence interval; MDCS, Malmö Diet and Cancer Study; OR, odds ratio.
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Table 3 Association of genetic polymorphisms with atrial fibrillation

Genotype MDCS HF patients Participants without HF

n (%) OR (95% CI) P-value n (%) OR (95% CI) P-value n (%) OR (95% CI) P-value

4q25 (rs2200733)

Major homozygote (CC) 21 927 (80%) 1.00 – 772 (78%) 1.00 – 21 155 (81%) 1.00 –

Heterozygote (CT) 4982 (19%) 1.62 (1.46–1.81) 2 × 10219 213 (21%) 1.59 (1.17–2.17) 0.003 4769 (18%) 1.61 (1.44–1.81) 7 × 10216

Minor homozygote (TT) 265 (1%) 2.13 (1.48–3.08) 6 × 1025 11 (1%) 2.00 (0.58–6.91) 0.28 254 (1%) 2.18 (1.46–3.27) 1 × 1024

Additive 27 174 1.58 (1.44–1.73) 6 × 10222 996 1.57 (1.18–2.09) 0.002 26 178 1.58 (1.42–1.75) 3 × 10218

HF interaction 0.83

16q22 (rs2106261)

Major homozygote (GG) 19 214 (68%) 1.00 – 724 (70%) 1.00 – 18 490 (68%) 1.00 –

Heterozygote (AG) 8147 (29%) 1.11 (1.01–1.22) 0.03 280 (27%) 1.60 (1.21–2.12) 0.001 7867 (29%) 1.08 (0.98–1.21) 0.14

Minor homozygote (AA) 849 (3%) 1.40 (1.12–1.77) 0.004 27 (3%) 2.86 (1.23–6.66) 0.01 822 (3%) 1.39 (1.08–1.79) 0.01

Additive 28 120 1.14 (1.05–1.23) 0.001 1031 1.75 (1.35–2.26) 2 × 1025 27 179 1.12 (1.03–1.22) 0.01

HF interaction 7 × 1024

Relative risk estimates are presented per genotype and per risk allele in an additive genetic model, with corresponding confidence interval and P-value. Risk estimates are presented in the entire cohort, in HF patients and in participants
without HF. P-values are also presented for interaction of the linear genetic model with heart failure status in the entire cohort.
CI, confidence interval; HF, heart failure; MDCS, Malmö Diet and Cancer Study; OR, odds ratio.
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Genetic polymorphisms and atrial
fibrillation in heart failure patients
Our results demonstrate the relevance to AF in HF patients of
genetic polymorphisms on chromosomes 4q25 and 16q22 found
in previous studies to be associated with AF in the general popu-
lation, providing initial evidence of a genetic component to AF in
the context of HF. However, the mechanisms linking polymorph-
isms on chromosome 4q25 and 16q22 to risk of AF are currently
unclear. The most proximal gene to the SNP on chromosome
4q25 is the PITX2 gene, encoding a transcription factor expressed
in the developing heart during embryonic cardiogenesis. PITX2 has
been found in animal models to play a role in the formation of the
pulmonary vein myocardium,22 where ectopic impulse generation
triggering AF onset has been reported in humans,23 and to
inhibit left-sided atrial pacemaker specification, such that haploin-
sufficient mice showed increased expression of sinoatrial node-
specific genes in the left atrium and increased propensity to
atrial arrhythmia.24,25 Thus, risk allele carriers of the 4q25 SNP
could have an increased propensity for ectopic impulse generation.
The SNP on chromosome 16q22 is intronic to the gene Zinc
Finger Homeobox 3 (ZFHX3), also encoding a transcription
factor with cardiac expression. Little is known about the function
of ZFHX3, but it has been shown to interact strongly with the
Protein Inhibitor of Activated Stat3 (PIAS3), an inhibitor of
STAT3,26 which in turn is a regulator of paracrine circuits in the
heart essential for interstitial matrix deposition balance and capil-
lary vasculature maintenance.27 Increased expression of STAT3
has been observed in animal models of AF and proposed to con-
tribute to atrial matrix deposition.28,29 Thus, risk allele carriers of
16q22 could have an increased propensity to develop atrial
fibrosis.

In the present study, SNPs on 16q22 but not on 4q25 were ro-
bustly associated with AF in prospective analyses of HF patients,
and showed significant multiplicative interaction with HF for AF
risk in the general population. Whereas SNPs on 4q25 have
been shown to be strongly associated with lone AF and with AF
following coronary artery bypass graft surgery,30 our observation
of a stronger association for SNPs on 16q22 with AF in HF patients
could be consistent with a more important role for atrial fibrosis
than impulse generation in AF pathophysiology in the context of
HF, which could have implications for selection of rhythm
control strategies in these different settings.31 The lack of associ-
ation for 4q25 with AF in prospective analyses and interaction
tests could also reflect limited power to detect an association
for this SNP with a lower allele frequency, although the lower
risk estimate observed in the HF subsample supports a smaller
effect. Experimental studies are needed to clarify the mechanisms
linking polymorphisms with AF and the interaction of 16q22 with
HF reported here.

Study strengths and limitations
The major strength of the present study was the very large size of
the source population sample, which allowed detection of a large,
population-based cohort of HF patients with AF (Figure 1). The use
of a source population cohort also makes our study more repre-
sentative of the general HF population than many previous

studies of AF in HF patients which predominantly included
younger, male participants of randomized controlled trials.2 Our
cohort of hospitalized HF patients was similar to previous
population-based studies of HF32,33 with a high age at diagnosis
(mean 72 years), a slight majority of patients of male sex (58%),
and a history of myocardial infarction in about a third of HF
patients. However, our study has limitations which merit consider-
ation. First, only patients hospitalized for a primary diagnosis of HF
were detected. In contrast to diagnoses in the outpatient setting,
such diagnoses have shown low inter-reader variability,16 but are
likely to bias our sample towards more severe cases, as evidenced
by the high rate of AF. Although generalizability to outpatients
seems likely, additional studies need to address this question. Sec-
ondly, our study design did not allow information on left ventricu-
lar ejection fraction (LVEF), which is frequently used to subclassify
patients into HF with reduced or preserved LVEF. It is possible that
our results are specific to HF of one of these subclasses. We also
did not have information on NYHA class or left ventricular filling
pressures, which are likely to be strong and correlated determi-
nants of AF risk, specific aetiologies of HF, or use of medications
for HF. Additional studies in clinically well characterized cohorts
are therefore warranted. Thirdly, undetected AF events may
have resulted in underestimates of AF risk and reduced power
to detect associations, but are not likely to have caused false-
positive associations. Underestimation of AF events may be less
pronounced in HF patients, who are frequently hospitalized and
undergo electrocardiogram screening, resulting in relatively
improved power to detect associations, but is unlikely to influence
risk estimates. Differential underestimation by genotype would be
expected to impact effect estimates, but appears unlikely. Fourthly,
the possibility of undetected AF events makes the temporality of
AF and HF diagnoses uncertain, as in previous studies on the tem-
porality of AF in HF patients.3 –5 Temporal misclassification might
result in reduced precision in time-dependent sensitivity analyses,
but is unlikely to result in false or inflated associations. Fifthly, as
study participants did not attend follow-up examinations and car-
diovascular risk factors were measured at baseline, it is possible
that regression dilutions bias may have attenuated risk estimates
for these risk factors. Finally, subsequent to the initiation of this
study, SNPs in other genetic loci have been reported to be asso-
ciated with AF, although with smaller effects.34,35 The association
of these polymorphisms with AF in the context of HF remains
to be determined.

Conclusions
Our results indicate a heritable component to the propensity of AF
in HF patients, with increased risk of AF in HF patients carrying a
common genetic variant in the ZFHX3 gene on chromosome
16q22 encoding a cardiac transcription factor. Furthermore, the as-
sociation of this genetic polymorphism with AF was more pro-
nounced in HF patients than in the general population. These
findings may provide clues to the pathophysiology of AF onset in
HF patients and have implications for rhythm control strategies
in HF patients.
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The Malmö Diet and Cancer Study was supported by the Swedish
Cancer Society, the Swedish Medical Research Council, the Swedish
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