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Abstract

Background: The previous genome-wide studies have shown that rs7193343 single-nucleotide polymorphism
(SNP) in zinc finger homeobox 3 (ZFHX3) gene correlate with risk of atrial fibrillation (AF). However, the distribution
of this SNP differs significantly among various populations. The present study was to investigate whether combined
evidence shows the association between ZFHX3 rs7193343 SNP and the risk of AF in various populations.

Methods: A systematic search of all studies published through Dec 2014 was conducted using the Medline,
Embase, WanFang, ScienceDirect, CNKI, and OVID databases. The case-control studies that evaluated an association
between rs7193343 SNP and risk of AF were identified. The association between the ZFHX3 rs7193343 SNP and AF
susceptibility was assessed using genetic models.

Results: We collected 10 comparisons from six studies for rs7193343 SNP, including 1037 cases and 4310 controls
in Asian, 5583 cases and 38215 controls in Caucasian, and then performed an updated meta-analysis and subgroup
analysis based on ethnicity. In overall population, the occurrence of AF was found to be associated with T-allelic of
rs7193343 SNP in ZFHX3 (OR =1.17, 95% CI 1.10-1.26). In subgroup analysis, we observed there was significant
association between T-allele of rs7193343 and risk of AF in Caucasian subgroups (OR =1.20, 95% CI 1.12-1.30), but
no statistically significance (OR = 1.07, 95% CI 0.92-1.24) in Asian population.

Conclusion: In Caucasian population, genetic variant rs7193343 SNP is associated with risk of AF in Caucasian
population. However, no association is found in Asian population based on the current evidence. Further studies
with larger sample size involving case-control populations with multiple ethnics are still required in the future.
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Background
Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia in clinical practice, and affect indi-
viduals suffer from increased rates of stroke, and lead to
higher risk of incidence and mortality of cardiovascular
disease [1]. The incidence of AF has estimated rate of
0.4–1.0 % which increases with age, in the general popu-
lation [2, 3]. In 80 people over the age, its prevalence is
high at 7.5 % [4, 5]. The factors that increase the risk of

developing AF include age, hypertension, heart failure,
structural heart diseases, valvular heart disease and a
variety of other factors [3, 6]. However, contemporary
clinical treatment strategies have only confined curative
effects that likely stem from our limited understanding
of its potential pathophysiology. Therefore, most med-
ical experts tried to find the significant elements with
risk of AF.
Recently, studies have provided unequivocal evidence

that AF has the important relevance of genetic factors
[7]. AF has been found to occur in large families (mono-
genic AF) and can be inherited in either an autosomal
dominant model or an autosomal recessive [8]. Several
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genetic loci, such as loci on chromosome 1q21, 3q21,
5p13, 11p15.5, 12p13, 21q22 and 17q23–q24, have been
identified for monogenetic AF [9]. Previous studies
shown that the 3 loci most strongly associated with AF
occur on chromosomes 4q25 (near PITX2) [10], 16q22
(in ZFHX3) [11], and 1q21 (in KCNN3) [12]. A recent
genome-wide association study (GWAS) has also iden-
tified variants on chromosome 16q22. The proximate
study investigated the role of genetic variants of ZFHX3
(zinc finger homeobox 3) in AF, single-nucleotide poly-
morphism (SNPs) rs2106261 and rs6499600 showed
significant associations, and rs16971436 conferred a
borderline significant association with risk of AF in
Chinese Han populations [13]. SNP rs7193343 in ZFHX3
gene has been pointed out as marker strongly associated
with AF in several different populations [14–16], while
other studies assessed the association of rs7193343 with
susceptibility of AF, which shown that the association was
not statistically significant [14, 16]. Therefore, the results
are still in controversy.
Therefore, the aim of the present meta-analysis was to

investigate whether combined evidence shows the asso-
ciation between ZFHX3 rs7193343 polymorphism and
the risk of AF in various populations, determining
whether there was heterogeneity among the studies.

Methods
Search strategy
We performed a systematic search of Medline, Embase,
WanFang, ScienceDirect, CNKI, and OVID to identify
published epidemiological studies through Dec 2014 that
were related to the rs7193343 ZFHX3 polymorphism
and AF. The medical subject headings (MeSH; National
Library of Medicine, Bethesda, Maryland) “zinc finger
homeobox 3”, “genetic polymorphism”, “atrial fibrilla-
tion”, and the free-text words “ZFHX3” or “rs7193343”
were combined. Only studies published in English or in
Chinese were included in the present study. Further-
more, the reference lists of all of the full text papers
were examined to identify any initially omitted studies.
Secondary searches of the grey literature were not
performed.

Inclusion and exclusion criteria
Articles from peer-reviewed medical journals were in-
cluded if they reported on studies using case-control,
nested case-control, cross-sectional design, or cohort
and provided sufficient data to calculate an odds ratio
(OR) and corresponding 95 % confidence interval (CI).
After that, comparisons of laboratory methods and
overlapping study data were excluded. Using Hardy-
Weinberg equilibrium (HWE), we excluded those studies
that contain genotype frequencies that weren’t meet
criteria in the control groups.

Study selection
Two reviewers independently screened the titles and ab-
stracts for the eligibility criteria. Subsequently, reviewers
read the full text of the studies that potentially met the
inclusion criteria, and the literature was reviewed to de-
termine final inclusive data. If inclusions have disagree-
ments, we reached a consensus through discussion.

Date extraction
With a standard data extraction form used, two of the
authors independently extracted the following data
from each full-text report. The data extracted from the
candidate studies included the title, authors, published
year, number of cases or controls, ethnicity, age, gender,
study design, genotyping method, genotype distribu-
tion, and frequency of T-allele of the rs7193343 poly-
morphism in cases or controls. We also examined
whether the genotype distributions of the control
groups followed HWE [17].

Statistical analysis
Data analysis was conducted using STATA 12.0 (Stata-
corp, college station, Tex). The association between the
ZFHX3 rs7193343 polymorphism and AF susceptibility
was assessed under the following genetic models, which
were treated as a dichotomous variable, T-allele versus
C-allele for allele level comparison.
Between-study heterogeneity was tested using Q statis-

tics, and P < 0.1 was considered statistically significant.
The Mantel-Haenszel method for fixed effects and the
Der-Simonian and Laird method for random effects
were used to estimate pooled effects [18]. We used
fixed-effects methods if the result of the Q test was not
significant. Otherwise, we calculated the pooled ORs and
95% CIs assuming a random-effects model. Fixed effects
assume that genetic factors have similar effects on auto-
immune disease susceptibility across all studies and that
the observed variations between studies are caused by
chance alone [19]. The random effects model assumes
that different studies may have substantial diversity and
assesses both within- and between-study variation [20].
A recently developed measure, I2, was used to quantify
the inconsistency among the studies’ results with values
of 50 % or higher and the large heterogeneity for values
of 75 % or higher [21]. The data are shown as the ORs
with 95 %CIs, with two-tailed P-values; statistical signifi-
cance was set at P < 0.05 (two-tailed).
Publication bias was conducted both visually by using

a funnel plot and statistically via Begg funnel plots and
Egger’s bias test, which measures the degree of funnel
plot asymmetry [22, 23]. The Begg adjusted rank correl-
ation test was used to assess the correlation between test
accuracy estimates and their variances. The deviation of
Spearman’s rho values from zero provides an estimate of
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funnel plot asymmetry. Positive values indicate a trend
toward higher levels of test accuracy in studies with
smaller sample sizes. The Egger’s bias test detects funnel
plot asymmetry by determining whether the intercept
deviates significantly from zero in a regression of the
standardized effect estimates against their precision.

Results
Search results
We initially obtained 311 potential articles, and after
screened abstract, among which most were excluded for
no relevance to our analysis. Eleven articles then were
removed because small number cases and unusable data.
Finally, five studies [14–16, 24, 25] and a Chinese study
[26] including 10 comparisons for rs7193343 that all

adopted observational study design eventually satisfied
the eligibility criteria (Fig. 1).

Characteristics of included studies
A total of 10 comparisons from six studies for rs7193343
polymorphism were involved in presence updated meta-
analysis containing 6620 cases and 42525 controls (includ-
ing 1037 cases and 4310 controls in Asian, 5583 cases and
38215 controls in Caucasian) (Table 1). One articles as a
brief communication was a multi-centers case-control
study including 4 comparisons [14]. However we could
not obtain genotype information from the above study.
The china study [16] also did not provide genotype data.
Although we tried to contract authors of the original

Fig. 1 Flow of studies through the meta-analysis
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studies, no response got. The characteristics of included
studies were shown in Table 2.

Association of rs7193343 polymorphism of ZFHX3 gene
with the risk of AF in overall population
As shown in Fig. 2, we used a fixed-effects model to
analysis overall studies data of 10 case-control compari-
sons, performed for meta-analysis and generated a
combined allelic OR 1.17 of for risk allele (95 % CI
1.10-1.26), identified no statistics heterogeneity (Q =
7.22, I2 = 0.0 %). These results indicated that there
was statistically significant in the association between
rs7193343 and AF.

Association of rs7193343 polymorphism of ZFHX3 gene
with the risk of AF in subgroups analysis
As shown in Fig. 3, when we restricted to ethnicity sub-
group analysis, there was significant association be-
tween rs7193343 and the risk of AF in Caucasian
subgroups (OR =1.20, 95 %CI 1.12-1.30) in the fixed-
effects model, and the result shown no obvious statis-
tics heterogeneity (Q = 2.09, I2 = 0.0 %). Three studies
reported the association between rs7193343 poly-
morphism and AF in Asian population, we used a
fixed-effects model analysis because there was no het-
erogeneity among three studies (Q = 3.18, I2 = 37.0 %),
shown no statistically significance (OR = 1.07, 95 %CI
0.92-1.24) (Table 3).

Table 1 Allele counts for the rs7193343 polymorphism in the included studies

Study country Case Control

Genotype a Allele b (%) Genotype a Allele b (%)

TT TC CC T C TT TC CC T C

DanielF,2009 Iceland NA NA NA 0.229 0.771 NA NA NA 0.199 0.801

DanielF,2009 Iceland NA NA NA 0.238 0.762 NA NA NA 0.205 0.795

DanielF,2009 Norway NA NA NA 0.177 0.823 NA NA NA 0.166 0.834

DanielF,2009 USA NA NA NA 0.183 0.817 NA NA NA 0.139 0.861

DanielF,2009 HongKong NA NA NA 0.686 0.314 NA NA NA 0.676 0.324

CongL,2011 China NA NA NA 0.320 0.680 NA NA NA 0.320 0.680

Marek,2011 Poland 27 128 230 0.222 0.778 28 148 344 0.185 0.815

Wang,2012 China 22 68 12 0.549 0.451 10 66 24 0.430 0.570

Parvez,2013 USA 5 40 57 0.231 0.769 9 62 97 0.217 0.783

Albert,2014 Spanish 10 88 159 0.210 0.790 10 106 263 0.166 0.834

NA not available
a Number of [homozygotes of risk allele, TT]/[heterozygotes, TC]/[homozygotes of the other allele, CC]
b Risk allele (T-allele or C- allele) frequency

Table 2 Characteristics of included studies

Study,year ethnicity Characteristics
of controls

Genotyp-ing
methods

No.case of
total AF

No.case of
lone AF

No. of
control

age Gender(M/F) H W E

Case Control Case Control

DanielF,2009 Iceland Health HumanHap 2381 NA 33723 NA NA Y

DanielF,2009 Iceland Health HumanHap 970 NA 1939 NA NA Y

DanielF,2009 Norway Health HumanHap 722 NA 711 NA NA Y

DanielF,2009 USA Health HumanHap 735 NA 729 NA NA Y

DanielF,2009 HongKong Health HumanHap 285 NA 2763 NA NA Y

CongL,2011 China Health PCR 650 180 1447 58.4(15.9) 59.7(12.2) 398/252 902/545 Y

Marek,2011 Poland AFa Taqman 410b NA 550b 53.3(11.3) 53.1(10.4) 272/128 331/169 Y

Wang,2012 China Health PCR 102 NA 100 61.5(12.5) 60.4(9.9) 56/46 52/48 Y

Parvez,2013 USA AFa PCR 108b NA 184b 67(59-72) 66(58-72) 82/26 142/42 Y

Albert,2014 Spanish Health Taqman 257 123 379 60.6(11.5) 42.6(15.2) 148/109 193/186 Y

NA not available
AFa mean AF recurrence after ablation
bmean about the numbers of AF recurrence after ablation
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Publication bias
The publication bias test was performed for overall
populations. Significant publication bias was shown for
overall populations by the Begg rank correlation
method (P = 0.47) (Fig. 4) and the Egger weighted
regression method (P = 0.76) (Fig. 5).

Discussion
Atrial fibrillation (AF) represents the most serious sus-
tained arrhythmia in the process of clinical diagnosis
and treatments. It is the feature of uncoordinated atrial
activation. Some studies shown that AF was a important
factor with a lifetime risk of one in four for men and
women 40 years of age and older [27]. Currently, a num-
ber of studies showed that AF was in the relationship of
SNPs in genes [13, 28, 29]. A SNP, rs7193343, had been
investigated widely. Although several studies demon-
strated that rs7193343 polymorphism was associated
with occurrence of AF, the results were still in controversy.
We, therefore, conducted the present meta-analysis to
evaluate the relationship of rs7193343 polymorphism and
susceptibility of AF. Thus, we aim to provide objective
evidence in the investigation of rs7193343 polymorphism
in patients with AF, based on the current published
studies.

Recently, a growing body of researches provided the re-
lationship of a variant in the ZFHX3 gene on chromosome
16q22, rs7193343-T and AF in multiple population of
different ancestry. However, their conclusions were not
consistent. The distribution of genotype of rs7193343
polymorphism in ZFHX3 gene differed significantly
among populations. Gudbjartsson et al. [14] expanded a
genome-wide association study (GWAS) on atrial fibrilla-
tion, they previously identified risk variant on 16q22
rs7193343 associated significantly with AF in samples
from Iceland, Norway and US, they also illustrated that
the association of SNPs rs7193343-T with AF in Chinese
population from Hong Kong, but the result was not
significant in this cohort. Furthermore, they found that
the T allele of rs7193343 is obviously much more frequent
in Chinese descent than the samples of European popula-
tion. Soon afterwards, the study of Cong L et. al [16] pro-
vided the first evidence of a cross-race susceptibility of the
16q22 AF locus in a Chinese Han population, and
expanded the association between ZFHX3 and AF to a
non-European ancestry population. They carried out a
large-scale case-control association study, and identified
that ZFHX3 SNP rs7193343 was not associated with AF
in the Chinese Han population. Kiliszek et al. [15] identi-
fied SNP rs7193343 polymorphism correlated significantly

Fig. 2 ORs and 95 %CI of individual studies and pooled data for overall study of the association between the ZFHX3 rs7193343 T-allele and AF
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with AF in Polish patients, and confirmed rs7193343 on
chromosome 16q22 that it was an independent marker of
AF. Although another study evaluated genomic markers
which can predict timing of AF recurrence in patients
undergoing elective direct current cardioversion, it did not
confirm that rs7193343 has association with early AF re-
currence [24].
The present study demonstrated that there was statisti-

cally significant in the association between T-allele fre-
quency of rs7193343 and AF in overall population.
Interestingly, subgroup analysis was performed according

to the ethnicity, showing significant association between
T-allele frequency of rs7193343 and AF in Caucasian
population but not in Asian population. Although a pre-
vious meta-analysis was conducted recently with positive
results [25], no subgroup analysis was performed based
on the ethnicity. The heterogeneity originated from
ethnicity was of great importance in the pooled results.
Thus, it was imperative to update the previous meta-
analysis in accordance with ethnicity of individual study.
The pooled result based on one kind of ethnicity may be
more stable. Although the pooled results in overall

Fig. 3 ORs and 95 %CI of individual studies and pooled data for stratification study of the association between the ZFHX3 rs7193343 T-allele
and AF

Table 3 Summary ORs and 95% CIs of the rs7193343 polymorphism in ZFHX3 and AF susceptibility

Comparison Population Sample size No. of
studies

Type of model Test of
association

Test of heterogeneity

Case Control OR 95% CI P value Q test P value I2

T allele versus
C allele

Overall 6620 42525 10 Fixed 1.17 1.10-1.26 <0.01 7.22 0.61 0.0 %

Asian 1037 4310 3 Fixed 1.07 0.92-1.24 0.40 3.18 0.20 37.0 %

Caucasian 5583 38215 7 Fixed 1.20 1.12-1.30 <0.01 2.09 0.91 0.0 %
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population of the present study was consistent with the pre-
vious one, there was no statistically significant difference in
Asian population. The subgroup analysis is the strengthen of
the present meta-analysis.
Rs7193343 is an intronic SNP located in the zinc fin-

ger homeobox 3 (ZFHX3) gene (chromosome 16q22)
[14]. The variant is also called AT motif-binding factor 1
(ATBF1). The same variant was associated with Kawa-
saki disease, an inflammatory vasculitis predominantly
seen in young children. The gene encodes a transcrip-
tion factor named Atbf1 that was first described as an
enhancer of human a-fetoprotein (AFP) gene expression
in the liver [30]. This gene regulates neuronal and
muscle differentiation and is a tumor suppressor gene in

several types of cancer [31]. ZFHX3 is expressed in vari-
ous tissues, including heart, liver, lung, kidney, pituitary
gland and brain. Although it is expressed in mouse heart
[32], its function in heart tissue is unknown. Atbf1 is re-
quired for early transcriptional activation of the gene
POU class 1 homeobox 1 (POU1F1) that regulates pitu-
itary cell differentiation and hormone expression in
mammals [33]. POU1F1 interacts with the paired-like
homeodomain transcription factor 2 (PITX2) to facilitate
DNA binding and transcriptional activity, which is of
interest because the previously identified AF variants on
chromosome 4q25 are located close to PITX2, a gene
critical for heart development [34]. Therefore, we specu-
late there is an association between rs7193343 and

Fig. 5 Funnel plot of studies for the association between the ZFHX3 rs7193343 T-allele and AF in all subjects (Egger weighted regression
test, P = 0.76)

Fig. 4 Funnel plot of studies for the association between the ZFHX3 rs7193343 T-allele and AF in all subjects (Begg rank correlation test, P = 0.47)
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expression of ZFHX3 in heart tissue. The above men-
tioned may be the mechanism of the association be-
tween ZFHX3 rs7193343 polymorphism and the risk
of AF.
The following potential factors may be account for the

different pooled results between the above two ethnical
group: (1) inconsistence in genetic background [35], (2)
different habits in individual ethnicity [36], (3) environ-
mental factors leading to different susceptibility of AF
[37]. Furthermore, we also speculate that the reason why
the statistical difference was not significant in Asian
population after subgroup analysis may be the limited
sample size in this population. Therefore, more studies
with large sample size are required to conduct further
analysis, especially in Asian population.
Although the results of test for heterogeneity were not

significant for subgroup population, heterogeneity can-
not be completely resolved. The heterogeneity of in-
cluded studies includes the following: quality of included
studies, gender proportion, age, classification of AF, dif-
ferent genetic background, environmental factors, sam-
pling criteria and cultural difference. The heterogeneity
of genetic effects between individual studies may also be
caused by the existence of gene-environmental or
genetic interaction. In spite of only ten comparisons in-
cluded, the pooled results may have clinical significance
according to the current evidence. Although no publica-
tion bias was found in the present study, it is also im-
portant to bear in mind that publication bias may exist,
since the negative results are less likely to be published.
Accordingly, while the results of this meta-analysis
should be considered appropriate, the above methodo-
logical defects should be considered when interpreting
the findings. The present study could provide objective
evidence by using genetic meta-analysis approach.
The primary limitations of this updated meta-analysis

include the following: (1) the statistical efficacy could be
improved by including more studies; (2) Some non-
English publications not being included in this study
may have caused important studies to be overlooked and
publication bias from significant conclusions being more
easily published; (3) The genotyping data of SNPs
rs7193343 were insufficient, so we were unable to con-
duct meta-analysis based on the limited studies data; (4)
the combined analysis of the results may be affected by
the impact of clinical heterogeneity, including the gen-
eral condition of the cases, habits, medical history, medi-
cation compliance and other factors.

Conclusion
Genetic variant rs7193343 is associated with a crucial risk
of AF in Caucasian population, whereas SNP rs7193343 is
not association with AF in Asian population. This variant
could have a clinical utility in estimating AF risk. On the

other hand, more studies with great sample size and
multiple ethnics are required to determine the significance
of rs7193343 SNP between them and to define the effect
of the size of T-allele on susceptibility to AF.
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