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Abstract

Background: Common genetic polymorphisms at chromosome 4925 were associated with increased
susceptibility to atrial fibrillation (AF). However; it remained controversial whether these variants could
be used as risk predictors for AF recurrence after catheter ablation. We therefore performed a meta-
analysis to quantify the association between rs2200733 C>T/rs10033464 G>T and AF recurrence.
Methods: Relevant studies were systematically retrieved from PubMed, Web of Science, Elsevier data-
base and Cochrane library through November 2016. Data were abstracted and pooled using Stata 12.0
software.

Results: A total of 2,145 patients undergoing catheter ablation were included. Patients with rs2200733
TT or TT+CT showed an overall increased susceptibility to AF recurrence (homozygous model [TT
vs. CCJ: odds ratio [OR] = 2.03, 95% confidence interval [CI] 1.49-2.76, p = 0.000; dominant model
[TT+TC vs. CCJ: OR = 1.48, 95% CI 1.17-1.87, p = 0.001; recessive model [TT vs. TC+CC]J:
OR = 1.88, 95% CI 1.12-3.15, p = 0.017). Subgroup analysis also identified a positive relation in
Caucasians and late recurrvence of AF in allelic, homozygous and dominant comparison. Moreover,
a significant increased risk of AF recurrence was observed in patients with rs10033464 TG or TT+TG
(heterozygous model [TG vs. GGJ: OR = 1.46, 95% CI 1.01-2.12, p = 0.047; dominant model
[TT+TG vs. GGJ: OR = 1.51, 95% CI 1.04-2.17, p = 0.029).

Conclusions: After catheter ablation, rs2200733 (TT or TT+TC) and rs10033464 (TT+TG or TG)
were associated with increased risk of AF recurrence. (Cardiol ] 2018; 25, 5: 628-638)
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Introduction

Atrial fibrillation (AF) is one of the most
prevalent forms of cardiac dysrhythmia in clinical
practice, which affects 33.5 million individuals glob-
ally [1]. Several factors already have been identified

to increase the susceptibility to AF, such as smok-
ing, sex, and obesity [2—4]. Interestingly, genetic
predisposition has been added into the long list of
risk factors for AF. Gudbjartsson et al. [5] found
common genetic polymorphisms at chromosome
4925 (PITX2) locus, including rs2200733 C>T
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(at-risk allele T) and rs10033464 G>T (at-risk
allele T), were associated with increased suscepti-
bility to AF [5]. The association between rs2200733
and AF was further replicated in Indian [6], Spanish
[71, Danish [8], Italian [9] and Polish [10] as well
as Chinese populations [11]. Three different geno-
types, CC, CT and TT were identified in rs2200733
with minor allele frequency 0.21 to 0.39 across
different ethnic groups [12, 13]. The prevalence
of rs10033464 G>T was reported from 19% to
32% predisposed to AF recurrence after ablation
[14, 15]. Several genetic models, including allelic
(T vs. C for rs2200733, T vs. G for rs10033464),
heterozygous (TC vs. CC for rs2200733, TG vs.
GG for rs10033464), homozygous (TT vs. CC for
rs2200733, TT vs. GG for rs10033464), domi-
nant (TT+TC vs. CC for rs2200733, TT+TG vs.
GG for rs10033464), recessive (TT vs. TC+CC
for rs2200733, TT vs. TG+ GG for rs10033464)
models were applied to quantify the association
between rs2200733/rs10033464 and AF recurrence
after ablation [10, 15, 16].

However, the relationship between two
common polymorphisms (rs2200733 C>T and
rs10033464 G>T) at chromosome 4q25 locus and
AF recurrence after catheter ablation remained
controversial. Husser et al. [15] provided evidence
that the presence of any variant allele (rs2200733 T
or rs10033464 T) increased the risk of AF recur-
rence within the first 7 days and between 3 and
6 months in Caucasian patients of German descent.
And both variants independently predicted AF
recurrence when evaluated by dominant models
in multivariable analysis [15]. In Chinese Han
population, single nucleotide polymorphism (SNP)
rs2200733 was an independent factor for AF recur-
rence after ablation, and the risk allele T was as-
sociated with AF recurrence [17]. Zhao et al. [16]
also reported rs2200733 TT was able to predict
a 1.8-fold increased risk for clinical recurrence
after catheter ablation. On the contrary, Kiliszek
et al. [18] found that rs2200733 C>T or rs10033464
G>T failed to correlate with AF recurrence after
a single AF ablation in long-term follow-up (me-
dian of 45 months). In Korean patients, rs2200733 T
allele was strongly associated with AFE, but this
SNP again failed to predict clinical recurrence af-
ter catheter ablation [12]. Therefore, the present
study performed a meta-analysis to investigate
the effect of common non-coding variants on chro-
mosome 4q25 (rs2200733 C>T and rs10033464
G>T) on the risk of AF recurrence after catheter
ablation.

Methods

Literature search

A systematic search of PubMed, Web of Sci-
ence, Elsevier database and Cochrane library was
undertaken for studies through November 2016.
The search terms included all possible combina-
tions “rs2200733”, “rs10033464”, “SNP”, “poly-
morphism or variant”, “atrial fibrillation”, “AF”,
“4q25 (PITX2)”, “ablation”, “outcome”, and “AF
recurrence after ablation”. Manual searches of
study references were also conducted. Moreover,
several related articles from reviews and other
pertinent sources such as research bibliographies
were inspected as well.

Inclusion and exclusion criteria
An initial screening for titles and abstracts

was performed. A second screening was based on

full-text review. The following criteria were used
to evaluate whether a study was eligible:

a) The association between rs2200733/rs10033
464 and AF recurrence after ablation must be
assessable.

b) The genotype data of rs2200733 and
rs10033464 must be provided.

¢) The study has a cohort design or has a case-
control.

d) The research should report an estimate of
risk for AF recurrence after ablation with
a corresponding 95% confidence interval (CI).

e) Ifthe same population was studied in more than
one study, study with larger sample size and
more comprehensive outcome were included.

f) AF recurrence was defined according to
the Heart Rhythm Society/European Heart
Rhythm Association/European Cardiac Ar-
rhythmia Society Consensus Statement rec-
ommendations. Late recurrence of AF (LRAF)
was defined as any episode of atrial tachyar-
rhythmia, including atrial tachycardia, atrial
flutter, or AF (AT/AF) lasting more than 30 s
that occurred after a 3-month post-ablation
blanking period. Early recurrence of AF
(ERAF) was defined as an AF episode within
3 months post-ablation blanking period.
Studies were excluded if they met the follow-

ing criteria:

a) Itisareview, letter, conference abstracts, and/
/or case report.

b) The study lacked information on the risk of
AF recurrence after ablation.

¢) The study did not provide sufficient data.
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Data extraction and quality assessment

An outcome of interest in this study was the
capability of rs2200733 and rs10033464 to predict
the risk of AF recurrence after catheter ablation.
After careful review, data was extracted using
a standardized data-collection form for each eligi-
ble article: first author’s name, publication year,
ethnicity/nationality, patient number, patient char-
acteristics. Clinical end point, quality assessment,
comorbid conditions, anatomic factors, ablation
strategies, methods of AF recurrence ascertain-
ment, and adjunctive post-operation therapy were
also considered. The quality of each study was
evaluated according to the Newcastle-Ottawa qual-
ity assessment scale (NOS) [19].

Statistical analyses

All statistical analyses were performed with
Stata 12.0 software (StataCorp, College Station,
TX, USA). Odds ratio (OR) was used as a common
measure of the association between rs2200733
C>T/rs10033464 G>T and AF recurrence. Pooled
ORs were performed for allelic comparison (T vs.
C for rs2200733, T vs. G for rs10033464), het-
erozygote model (TC vs. CC for rs2200733, TG
vs. GG for rs10033464), homozygote model (TT
vs. CC for rs2200733, TT vs. GG for rs10033464),
dominant model (TT+CT vs. CC for rs2200733,
TT+GT vs. GG for rs10033464), recessive model
(TT vs. TC+CC for rs2200733, TT vs. TG+GG
for rs10033464), respectively. Cochran’s Q test and
I’ statistic were used to evaluate the consistency
across studies. Fixed effect model was used when
p < 0.10 and I’ < 50%; otherwise random effect
model was used. Sensitivity analysis was performed
through omitting individual study one-by-one to
investigate the influence of single study on the
overall risk estimates. Subgroup analysis was also
performed where appropriate. Potential publication
bias was checked by Begg’s funnel plots and Egger’s
regression test. An asymmetric plot and p value of
the Egger test less than 0.05 was considered a sig-
nificant publication bias. Unless otherwise stated,
p < 0.05 was considered statistically significant.

Results

Study characteristics

A total of 32 records were identified through
the above mentioned literature search strategy.
After screening titles and abstracts in the first
round, 12 articles were excluded. Following this,
the remaining 20 articles, 7 articles were excluded
that did not involve AF recurrence, rs2200733 or

rs10033464. After reviewing full texts and data,
8 articles were excluded (5 articles without sufficient
information on risk estimate, and 3 articles without
ablation). Finally, 5 articles were eligible for inclu-
sion in this study. Husser et al. [15] reported ORs
for both ERAF and LRAF; each OR was included in
this analysis. A total of 2,145 patients who under-
went catheter ablation were included. The charac-
teristics of the included studies were presented in
Table 1 and Table 2. The NOS scores of included
studies were all more than 7 scores (high quality).

In general, AF ablation strategy was comparable
among included studies. A 3-dimensional mapping
system was used for catheter orientation, computed
tomographic image integration, and tagging of the
ablation sites (NavX /NavX-Ensite system [12, 15];
or CARTO system [16, 17]; or LocaLisa system [18]).
Transseptal access was performed. And an irrigated-
tip ablation catheter was used in 4 studies [12, 15-17].
A non-irrigated catheter was used in 1 study [18]
under the consideration of non-significant difference
in AF recurrence between patients treated with
irrigated and non-irrigated catheters [20]. Circum-
ferential pulmonary vein isolation with bidirectional
block was a major ablation endpoint at all centers.
Additional ablation to the left atrial (LA) roof, basal
posterior wall, posterior inferior wall, and anterior
wall, mitral isthmus, cavotricuspid isthmus, superior
vena cava, non-pulmonary vein (PV) foci, complex
fractionated atrial electrograms were performed
based on operator discretion.

Genotypic association between rs2200733
C>T and AF recurrence

In the primary analysis, the associations be-
tween rs2200733 C>T and AF recurrence after
ablation were analyzed under five genetic models
(Table 3). Fixed-effects model was used in the
heterozygous, homozygous and dominant model.
Random-effects model was used in the allelic and
recessive model as a result of heterogeneity. Over-
all, significant positive relation was observed in
four genetic models (T vs. C: OR = 1.50, 95% CI
1.18-1.90,p = 0.001; TT vs. CC: OR = 2.03, 95% CI
1.49-2.76, p = 0.000; TT+CT vs. CC: OR = 1.438,
95% CI 1.17-1.87, p = 0.001; TT vs. TC+CC:
OR = 1.88, 95% CI 1.12-3.15, p = 0.017; Fig. 1).
No significant association was found in heterozy-
gous comparison (TC vs. CC: OR = 1.24, 95% CI
0.96-1.59, p = 0.096), but a trend of increased
susceptibility still existed.

Subgroup analysis was conducted according
to ethnicity and time to AF recurrence (Table 3).
In Caucasians, a significant association was

630 www . cardiologyjournal.org



Jiake He et al., Variants on chromosome 4q25 are associated with increased risk of AF after catheter ablation

<
*3v4D J0 soueseaddes|p 10 ‘uoironpal abeljon
pue 320|g UOIIONPUOI [BUOIIJ2JIPI] B JO JUsW
-ysi|qeisa ‘uoneuiwusl 4y :julodpua uone|qy
‘uone|qe 349 pue ‘aull snwiyisi
|enuue pidsnaL} BABD BUSA JOLIBJUL ‘BUl| SNWY3S]
|eayiw ‘aul| Joou v :Ajjennuanbas psawiopad asem
suole|qe Jeaul| ‘|AdD 481e panunuod 4y J| :4vad
yum spusned uj {IAdD :4Vd Yyum siuaned uj
‘pouiad Bupjue|q uon 'D.EP S @4njesadwal (AN 00
‘swoldwAs -e|ge-1sod yuow-g ay} ABisua !1s18yieo diz-paiebiiil D4y "syleays
|BOIUID BU] JO 8SNED 8y}  JBlje PaLINd20 Jeyl S OF oM] 8y} ybnouyl v ul padejd aiam 1a3ayied
auljep 0} pawiopad sem uey} Jajealb Bunse| Buiddew |enuaiajwinolld e pue Jaj}ayied uone|qe
dvad ul BuliolUOW 48)|OH Y-pZ 4V 10 “Jannyy |eue uy "aouepinb 21doasolon|y Joapun ] ay1 olul
Syeem 8 ‘uone|qe Buimoj|oy eip ‘e1pie2AyoE] [BLIIR paJaAlap a1am syleays om| xade ajouuan ybl  %8L'Y + 96'9G (%9°€L) 92
‘avv -1edAyoe) B YUM JUB]SIS  Buipnjoul ‘elluyiAysie  pue snuis AJIeuolod ayl e pase|d alam sialay1ed 43N0 ‘NacL
syjuow g -u09 swoldwAs pasua -Ayoey |elsie snuis-uou Jejodiinw om| "paronpuod aiam Buiddew wuw 8L'G F 06'8E (%/£°8€) ¥8
HUPEIBLETV -141edxa syuaned usypp J0 aposida Auy |euoisuswip-g pue Apnis |eo16ojoisAydouos|g avi :uoisuapadAH 9102 uayn
Adeisayy uonesado juswuieldase 99ua1inoal s1031oe} suol}puod
-3sod aanounipy JO SpoYyisNl 4V jo uoniuyag salbajes)s uone|qy sjwojeuy pIgiowo) 1eaA aiApms
‘salpnis papn|oul JO sJlisiualdoeleyd [ealul|) ‘g ajqeL
pauodau jou — YN ‘porsad Bupjue|q
uone|qe-1sod yluow-¢g Jalje 4y JO 9oualindal ale] — 4y ‘pouiad Bupjue|q uone|ge-1sod yluow-g UIylim 4y JO 89uaiindal Aliea — 4yy3 ‘winuqiinbs Biaquiapp-ApieH — JMH ‘uone|juqly |eule — 4y
L 4Vl LvE0 L € LLL L 8l L %€8 %Z¢C %8L %EL ¢l + 99 ueiseoney Auewusn (LOZ J9ssnH
L EAACE| 8€G°0 Il €€ 88 L 8 W %E8 %cCC %8L %€L ZL¥95 ueiseone) Auewssn (LOZ 18ssnH
8 4VHl 8.9°0 L ¢eE €0l ¢ lc ¢L %cCE %G1 4N %L9 (L9-Lv) GG ueisedne) puejod 910¢ AEZEH Y
11 19 99 11 19 99 1<9 ¥9reEE00LSA
8 4Vl L0 99 €¢L €€ 0¢lL 8L 8l dN %€E %L9 %6€ ¢l + 89 ueisy eulyo L10¢ oeyz
8 EAACE| 998'0 <¢/E ¢ €9 49491 9¢l ¢ 4N dN %89 Y%SL Ll + 89 uelsy €310} GL0¢C 1oyd
L 4Vv4d3 col’0 LL  LE VL 6 0€ V€ %€8 %ccC %8L %EL ¢l + 99 ueiseoney Auewusn (LOZ J9ssnH
8 4vd Lco0 0oL v9 89 6L PE v %cE %S1 4N %L9 (L9-LP) GG ueiseone)  puejod  9L0¢ J9zsI|
L 4VvHl 6£0°0 9l 6v 06 14 8L 8l %€E8 %¢cc %8L %EL ¢l + 99 ueiseoney Auewlsn (LOZ J8ssnHy
8 4vd €0 9L ¢4 €L 6L 9 LE %lP %EY Y%LS Y%PL Ll * 69 uelsy eulyd 9L0¢ usyp
11 1O 20 11 10 20 1<) €€L00¢¢Zs4
juiod IJMH (=) @ouaiingas (+) aouarindal  Jy T\ E\v (%)
Ayjenp  -pu3m 10} d 4v 4v auoT juadlsisiad |ewsAxoled 3.l aby Adluylg  Anuno) iaeap ai Apms

"$81pN1S papn|oul Jo soanslIaloeIRY) *| d|qel

631

www . cardiologyjournal.org



Cardiology Journal 2018, Vol. 25, No. 5

‘palen|eAs

4V 104
uolnesipaw dlwylAyle
-ljue ue Jo uolneniul sy}
10 syuow g Jaye 4y jo

‘paie|ge Sem 1904 Ad-uou
‘UOISISAO0IPIERD Ja1E 92USIINJAI 4y Slelpawiwl
sem aJay} §| *(uiw/Br gL—g) uoisnjui jousssyoud
-0s| ue BUIAI993l1 8]IYM UOISISAOIPIED Jalje 4y

JO 92U84INJ34 SleIpaWWI ou :julodpus uone|qy

'S ¥ /L'6
w3/
€¢lL ¥ 0'GE

IX8pul 8WN[OA Y]

WBZLY FE6L

60°L * 560

'suolfaJ swelBb0.198|8 pajeuoioel) xajdwod :
.w“hwoww,“_n”u_mwrﬂ“\_,wmw“_w S0USLINOSI PAUBWNOOP 15 /150) A4-UOU ‘BARD BUBA JOLIBdNS 8y O] palo W __>_>|._ . :8109s ¢SAVHO
S ronn 4 Aue :80ua.indal 8je] -AlJop 21aMm suole|ge [euon! ‘pasn a1am aul R :
Joyuow JayjoH ‘suonend 1lep e|qe | ppY 'p Il 'dS3anl (%L°ZL) 9€L :avd
_{2d 30 SWIoIdWAS pemod ‘uone|qe Jaye JolsIue pue ‘aul| Joliaul Jo181sod ‘aul| J00d e Wl e = e (%6°6) 901 ;99045
ol JonaUBUM ‘plemiey  SUUOW € UM 5)3  “4vd LM Slusied 104 ‘UOREIGe SnUILS! pidsnd 99 = E6v o0
-je syIUOW 9 AIoAG sE 4V pajuawnaop e -11IJOABRD pUB |AdD 1Uamiapun Ajjeniul syuaned ||y ‘ad3ani . (%9°9) 0L
B R 5= (10 :4H aAnssbuo)
|lam se syluow g ‘g 1e 199ua.INoal Alieg 9oL d1njesadway %06 + L'€9
pauIBIO SEM J8p109al ‘s g 1se9| 18 ‘M SE€-0€ ABiaus ‘1191 din uonebiul 1yD4Y EENY (%0°€L) 6EL :INT
JuaAa Jo/pue Bulp.aodal JO eipiedAyoey |euie ‘(waisAs xAeN) Buiddew |eojwoleUR04}O3|D ww G'9 ¥ 9'Lpy (%8°LPY) OLS
UN 191|0H Y-8¥ 10 -pZ 10 4y Jo aposida Auy [euoisuswip-g Aq papinB sem uone|qy :avi :uoisuapadAH GL0Z 1049
‘pawopad sem sjeipualod
Jouadns BABD BUSA JO UONE|OS] WYIAYJ SNUIS UO
4vd Ynum siuaned ul ‘|Ad Jany 4y UO Sem juan
-ed ay3 J1 wylAya snuis Bunnp uoiie|osi AjluaA 03
pawojiad Sem UOISIBAOIPIEY) "‘pawIoad a1am
V1 83 ui suoieardde Jo saul| [euolippe ON ‘SAd
(z SQVHI) lle ur sienuelod Ad uone|os! :julodpus uone|qy
Alsyuyepul Jo "0.66 S aimeladwal ‘A GE S ABisus
‘(L SQVHD) 4eah | ‘19194189 di} pa1ebLLI-uou )4y ‘WalsAs
‘(0 SQVHD) sysuow g 1s16ojoip.ed eSI72907 [E2IWOIEUR04109]9 8] pue Adoos (%¥°L2) LS
10} panuiuod A 1ualledino ay} Jo uon -0JON|} UO PASEq SeM 1IEaY aY) Ul SIa1ayled ay) rejwaplidijdedAH
*90uaJinodal -840s1p 8y} je pawioyiad JO Juswade|d ay | "pasnh aiam sialayied ewndo (%L°0L) 2 :avd
4V 1noyum sem Bupiojuow Jayping 10 0SSET-WW GZg—G|, [BRUIaWINAIID 8jod-0| B (% 1) 6 :
. . B % €'1) € idH
4vad Ul uone|qe Jaye (4e9A 15413 BY1 BULINp pouad Bupjue|q pue ‘(sjeAo usweloy Jusled Jo) ainjound
1e3A | panunuosip papusWIWOdal SEM Lluow-¢ e Jaye |erdassuel) auo Yybnouy) passaode sem 1 ay | (%9°2) 81 :INT
‘4vd Ul Ajglelpawiwul  syluow z A1ans Aep |) s Qg uey) aiow Bunse) *9]911IUaA 1YBLI 8Y1 Ul BUO pue SNuIS AleU0J0D ww g F Ly (%1'8S) 6EL
panuiuodsIp :aQvy Bupioyuow 18)0H HHJ elpJedsAyoel |euie Auy oy} ul paoe|d sem Jalayied Jejodiupenb sauQ :av :uoisuspuadAy 9102 Nozsi||
*}20]q [BUONIBIIPIG YIM
SAd |[e Jo uone|os| :1ulodpus uone|qy
‘pawopiad 10U sem uone|ge Y40 SNWYIS! v
‘|llem Jouslsod [eseq ‘4004 /] :pappPE 8J9M SUOISa|
1eaul| [euoippe ‘4yad Yum sjusned uj ‘Ad
|esae|isdi 8y} Jo winJiue sy} punoue pade|d asam
‘uoiiejqe sy} saul| uone|ge 7 [elualaywnoI ‘syuaned [[e uj
J1a}je syluowW g pue £
4V J0 aA1lsabbns usamiaq aposide 9.8 84niesadwial ‘AN 0G-0E ABusus ‘us1ayied di
oy e ey P o s i e
ML -91 19]|0H pue sweiBoip  UOCHBIGE SUL ISHB X8OM 41051 1199]9 a1am sjuaiied 4y "yleays a|qelaals e
dwnd uojo.d -1e00.08]0 [euomippy. 1S4 8U Bulnp eposida 1 pawiopiad aiem uoneBIAR J1838UIED pUE
syuow g -uone|qe Jeye sypuow g dV UB 18ouBLINo8l AlleT  ggaq0p jeydessuel “seys uone|qe sy jo Buibbe) %8 * 19
:uone|nbeoojiue |eJO  pue g e pue Ajgieipaw 'S € ueyy 4abuo) pue ‘uoneibalul sbew ojydesbowol paindwod 43N0
panunuoosip -wi paw.ioyad atem Bunse| sposide ‘UoneIUaLIO J81aYled [euoisuswip-g oidoosolon|y ww / F gp
:avV Ill pue | ssej)  sBuipiooa JayjoH Aep-£ 4V P8iusWwnoop v -UOU 0} Pasn SeM WalSAS 81ISUI-XABN 8y L :avi uN 0L0z J1assny
>Qm‘_0r_u. :O_u.m‘_QQO juswuieliadse 99ualindal Sl103joej} suolilipuod
-3sod announlpy JO spoyIs|\l 4V Jo uonuaQg salbajelys uone|qy slwojeuy pigiowo) ieap i Apms

"$8IpNnis papn|oul JO so1ISIIBl0RIRYD |BDIUlD) *(*3U09D) Z 3]gel

www.cardiologyjournal.org

632



olel sppo — YO ‘pouad Bupjue|q uone|qe-1sod Yyiuow-g Joye 4y JO 80ua1Indal 81e] — 4wy ‘poliad Bupjuelq uonejge-1sod Yluow-g Ulylm 4y JO 82ualindal Alles — 4yy3 ‘uone|qy |erie — 4y

LLY'O 9/0'0 2eL'0 LGL'0 G6E0 18} s,18663

LOL0 €EL0 LOL0 LOL0 000°L 1591 5,669

selq uonealjqnd
€ZV'0 %00 (7r'L-98°0) LL'L  ¥/00 %00 (0L'Z-L6°0)EV'L 6020 %00 (GL°'2-G80)GE'L 9LL'0 %00 (0L'2—C6°0)6EL 2220 %L'Gy (L91-680)2CL ¢ 4v43
000'0 %07l (6£°€-98°L) G99'Z 9000 %00 (€0°Z-€L'L) LG'L 0000 %00 (8L°v—88'L)08'C ¢8E'0 %00 (85'L-¥80)GL'L 0000 %6'L (OL'Z¥vvl)vLl 4vH1

190UB.1IN23I 4y

9LL'0 %Lz (0L'€-£8°0)6LL 6200 %00 (S02¥0°L)9r'L 8000 %00 (89°€-LZ’L)LL'C LyL'0 %l'Ly (68°L-L6°0) LE'L ¥00'0 %00 (68'L—ELL)9P'L € uelseone)

LLO'0 %S'68 (0C'7-€6'0)L6'L VLO'0O %00 (L0'Z-80°L)0S'L 0000 %b'L9 (88C-6EL)00C €950 %00 (99'L-€8°0) LL'L LS00 %E'S8 (Ly'¢—00'L) GG'L © uelsy
Auoruyig
sisAjeue dnoibqng
LLO0 %L'8L (GL'€2L'L)88'L 1000 %00 (£8L-LL'L)8V'L 0000 %CGE (9L°C-6V'L)€E0C 9600 %00 (65'1-96°0)¥C’'L LOOO %8€9 (06°L-8L°L)0G'L < TIVH3IAO
d zl d0 d A -[0) d zl -[0) d A - [0) d A Ho
(00+21LsA11) (0D 'sAQL+11) (00 'sA 11) (00 'sA Q1) (0sn1) |spow
|2pow aAISSa99Yy |2pow jueuiwoq |apow snobAzowoH |]apow snobAzoia)aH |eapow 219 |V N LTVEITETS)

‘uolle|ge J919Y1ed Ja)je 90US1INDBI UONIR||LIql |B11R pUe | <)) ££/002ZSI Usamlaq uolneloosse oidAlousn) g ajqel

sisiuoBejue | ulWelA — YA ‘SnHjjaw sajadelp g adAl — |NJZL ‘uone|ge Jajay1es Asuanbaljoipel — )4y ‘uone|osi uiaa Ateuownd — |Ad ‘UiaA Azeuownd — Ad ‘uone||Lqly [eLe

ualsisiad — 4yad ‘uone||uqy [euie [ewsAxoled — 4yd {paniodal Jou — YN {Xapul SSew Je[NdLIUSA Ya] — [NAT {UOISUSWIP 1]01SAS-PUS JB[NDLIIUBA Yo] — dSIAT {UONDeI) UOIIIa[e JeNDLIUSA Y| — 4JAT
‘uolsuawip 21|0ISeIP-PUS JeJNOLIUBA Ya| — AQIAT ‘4818Welp |elie Ya| — QyT [eLie Ya| — v ‘einjie} Weay — 4H ‘weiBbolplesoliosjs — §)J ‘snyijjawl sajagelp — |\ {UOIe|os] UIdA Aleuownd [BUSISHINDIID
— IAdD ‘sweibouios|a |eLie pajeuonoel) xa|dwod — Jy{) ‘aseasip Alape Aleuolod — QD ‘uone||uqly [eUie — 4y ‘sBnip oslwylAyilenue — Qyy *(%) U 10 UONBIASD pJepuels F Ueaw se UMoys ale eleq

ulw g Joy Bunse| seiwyiAylie |ele a|gionpul
-uou pue |Ad papnjoul suiod pus ay} ‘4vd
104 "uoisnjul |ouaJ9104d0os] Ue Japun Paydayd
-a1 pue %20|q |euondalipiq Aq pawuod sem
IAd ‘IAd Buipnjoul ‘wylAys Snuis 0} UOISIBAUOD
pue 4y JO uoneuiwJia) 8y} :Jujodpus uone|qy
‘PaA8IYde J0U SEM UONBUIWISY 4\ UBYM

paldwalie sem uoisianolpied Bnip 1o |eo11109|3
‘AjoAnoadsal ‘papuadde aiam suoie|ge Jy4)

4V 40 aAsabbns
a1om swoldwAs
uaym pauielqo

alam sH)J |eUOIPPY ‘pouad Bupjue|q

pue (*018 ‘snwiyisi pidsnoI0ARD ‘SNWYIS] [edW

ww z6'8lL + L8'0F

Jiake He et al., Variants on chromosome 4q25 are associated with increased risk of AF after catheter ablation

‘'syjuow g ‘uonje|qe Jele syuow uone|ge-1sod Yuow-g ‘J00J /) uone|qe Jeaul| ‘|Ad Jo9le selwylAyie He[eENN|
:(suouepolwe) qyyv 8 ‘9€ ‘vz 'Z1 ‘9 '€ 'L 18 Y] J8}je PoLINIYO 1By} |euie yum [iis swaned u| ‘walsAs buiddew %ER'Y T Z'€9
‘syjuow ¢ pue AjeieIipaluLul palioy S gg Ueyy Jejealb Buse; OLHYD 48pUN |ADD Jusmispun Ajjeniul siusied ||y EENY
1ses| 1e :uesebiqep -1ad a1am sbBuipi0d3l ejwyiAyreAyoel |euje 'J.E @4n1esadwial A\ GE-0E ABiaua wuw Qg9 F €8°'LY
10 uepHEAA D)3 191|0H Aep-/ |ellsag  snuisuou jo sposida Auy ‘1918319 di} parebiul yyD4Y :avi 4N £102 oeyz
Adeiayy uonesado Juawiuie}aase 85uai1inoal si10}oe} SUoI}Ipuod
-3sod aanounipy JO SpoYisNl 4V jo uoniuyaqg salbajes)s uone|qy sjwojeuy pigqiowo) 1eaA aiApms

"salpnis papn|oul JO so11SII810RIRYD [BOIUID *("JU09) Z 3|qel

633

www . cardiologyjournal.org



Cardiology Journal 2018, Vol. 25, No. 5

Study ID OR Events Events %
(95% Cl) Treatment Control ~ Weight
LRAF
Chen F (2016) 156 (0.89-2.74)  45/76 68/141  16.54
Husser D (2010) 1.69 (0.84-3.41)  22/40 65/155  10.22
Kiliszek M (2016) 1.16 (0.69-1.95)  53/95 74142 2233
Zhao LQ (2017) 1.92 (1.05-3.53) 198/216  189/222  13.23
Subtotal (I = 0.0%, p = 0.637) S 151 (1.13-2.03)  318/427  396/660  62.32
ERAF
Husser D (2010) 1.77 (0.98-3.18) 3973 480122 14.25
Choi EK (2015) 1.22 (0.73-2.03) 281/302  693/756  23.43
Subtotal (¥ = 0.0%, p = 0.346) i — 143 (0.97-2.10) 320/375  741/878  37.68
Overall (I* = 0.0%, p = 0.756) <> 1.48 (1.17-1.87) 638/802 1137/1538 100.00
0.283 1 353

Figure 1. Forest plot of dominant model of rs2200733 for overall comparison (TT+CT vs. CC); LRAF — late recurrence
of atrial fibrillation; ERAF — early recurrence of atrial fibrillation. Cl — confidence interval; OR — odds ratio.

observed in three genetic models except for the
heterozygous model (TC vs. CC: OR = 1.31, 95%
CI0.91-1.89, p = 0.141) and recessive model (TT
vs. TC+CC: OR = 1.79, 95% CI 0.87-3.70, p =
= (.116). A significant association was observed for
LRAF in four genetic models except for heterozy-
gous comparison (TC vs. CC: OR = 1.15, 95% CI
0.84-1.58, p = 0.382). No association was found
to be significant in any genetic models for ERAE

Genotypic association between rs10033464
G>T and AF recurrence

In the secondary analysis, the associations
between rs10033464 G>T and the risk of AF re-
currence were evaluated. A significant increased
risk of AF recurrence was identified in the allelic
model (T vs. G: OR = 1.44, 95% CI 1.04-2.00,
p = 0.027), heterozygous model (TG vs. GG:
OR = 1.46, 95% CI 1.01-2.12, p = 0.047) and
dominant model (TT+TG vs. GG: OR = 1.51,
95% CI 1.04-2.17, p = 0.029, Table 4, Fig. 2).
And a non-significant association was observed in
homozygous comparison (TT vs. GG) or recessive
comparison (TT vs. TG+GG). However, this result
should be interpreted with caution due to a limited
number of studies.

Sensitivity analysis and publication bias
Sensitivity analysis was performed to evalu-
ate the influence of single study on the pooled
ORs for rs2200733 C>T and rs10033464 G>T by
deleting each study once in every genetic model.
Consistently, the pooled estimate remained non-

significant. No publication bias for the association
between rs2200733 C>T and AF susceptibility
was identified by Begg’s funnel plot (p = 0.133;
Table 3) or Egger’s regression test (p = 0.075;
Table 3). Symmetrical funnel plots were obtained
in all five genetic models. Due to limited studies,
no funnel plot or Egger tests were performed for
the association between rs10033464 G>T and the
risk of AF recurrence after ablation.

Discussion

Catheter ablation has been employed as
a first-line treatment for rhythm control in many
patients with AF, especially in whom failed in
anti-arrhythmic drug treatment [21]. Although
ablation is effective [22], large effective variances
ranging from 29% to 90% in ablation outcome are
observed in real clinical setting [21, 23]. Winkle
et al. [24] established a clinical scoring system to
predict long-term freedom from AF after ablation.
Genome-wide association studies identified several
AF-susceptibility loci, such as rs2200733 C>T
and rs10033464 G>T at chromosome 425, could
be used as prognostic factors. And recent studies
have focused on their potential to predict AF risk
in patients undergoing ablation.

In this meta-analysis, carriers of at least 1 risk
allele conferred an increased risk of 48% or 51%
for AF recurrence when evaluated by dominant
model for rs2200733 or rs10033464, respectively.
However, the mechanisms underlying these as-
sociations remained elusive. These noncoding
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variants existed in close proximity (~150 kb) to

— o~

=l g the cis-regulatory region of paired-like homeodo-
g ) o main transcription factor 2 (PITX2), and modu-
gg =5 3 lated PITX2 activity through transcription level
00 as postulated [25, 26]. PITX2 efficiently regulated
P 5 = atrial resting membrane potential and involved in
g i x |8 g 9 § the formation, differentiation and proliferation of
€= |0 | g © 2 pulmonary myocardium [27, 28]. Three isoforms
e e of PITX2 (PITX2a, PITX2b, and PITX2c) have
been identified, among which PITX2¢ was the
o § 2 only isoform expressed in the left atrium [29].
s o PITX2c directs formation of left and right anatomic
Tol. |82 B8 characteristics and mediates left-right asymmetry

| eo| =R & onali ;

S| g 5 & signaling cascade [28, 30]. It also efficiently modu-
2= s lates ion channels and calcium handling proteins in
= £ g S atrial cardiomyocytes [28, 31, 32]. Down-regulation

°|E So 9o -regulation of PITX2c is associated with AF

| SE|z |59 89 or up-regulation o
% 0= | © |- § - § arrhythmogenesis [31, 32]. In human patients with
% - = sustained AF, PITX2c insufficiency could lead to

° atrial electrical and structural remodeling [10, 17,
2 a @ ® 33]. Taking these findings together, we speculated

$ s e ° that rs2200733 or rs10033464 could modulate

2| e 5|~ N the expression of PITX2c. And PITX2c-mediated

q) o' o . .

S|l e® alterations in PV phenotype (such as arrhythmo-

3 §, 8 _ genicity of PV myocardium, PV myocardial sleeve

OEJ El: S =2 or LA/PV electrophysiology) affected response to
S|ET 8|87 8T, PV isolation (PVI). However, PVI itself might be
S|z o E IS different between the centers: size of isolation area
5 I around PV, durability of PVI lesion or the usage
= P of the contact force sensing ablation catheter etc.
S| - o § § = Thus further prospective researches, especially
_‘; -§ o g large-scale multicenter trials with standardized

ElEg|=|® R~ ] clinical procedures, are required to solve these

@© () — ~ o ’
= |39 ¥o© =2 issues.

& 54 - In accordance with the finding of Husser et
3|8 g - g - E 2 al. [15], a significant increased risk of LRAF was
5 % o3 < o S § identified in rs10033464 in allelic, heterozygous
g I = o § and dominant comparison, but such association
- ] needs to be further validated as a result of limited

c NS £ studies. We also observed a robust genotypic as-

3 *12 3 g sociation between rs2200733 and LRAF in allelic
% _ 2 = e model, homozygous model, dominant model and
o |s_|*|3 ¢ 5 recessive genetic model, which were consistent
5 g 3 ° S with precious reports of Husser et al. [15], Zhao et
522 = =B al. [16], Chen et al. [17] and Benjamin Shoemaker

§ — 3 S 2 2|2 et al. [34]. But no association was found to be

@ o |- é < & = significant in any genetic models for ERAF. Choi
0 - e “g et al. [12] reported lack of association between
g g rs2200733 and LRAF. Kiliszek et al. [18] found

e |z N 5 rs2200733 C>T or rs10033464 G>T failed to
] g correlate with AF recurrence in a median of 45
< %; = = months follow-up. Many potential causes could
2|53 5 5 | underlie the discordant results. The incidences
= OE S 5 % of recurrence in the entire follow-up period were
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Study ID

OR Events  Events %
(95% Cl)  Treatment Control  Weight

LRAF ‘
Kiliszek M (2016)

1.00 (0.54-1.84) 23/95  33/136 45.32

Husser D (2010)

ERAF

Subtotal (I = 66.6%, p = 0.084) —

2.28 (1.12-4.65) 19/40  44/155 20.88
1.40 (0.88-2.22) 42/135 77/291 66.20

Husser D (2010)

Overall (* = 37.8%, p = 0.200)

=

Subtotal <<:>

1.71(0.92-3.15) 29/73  34/122 33.80
1.71(0.92-3.15) 29/73  34/122  33.80

1.51 (1.04-2.17) 71/208 111/413 100.00

0.215 1

465

Figure 2. Forest plot of dominant model of rs10033464 for overall comparison (TT+GT vs. GG); LRAF — late recur-
rence of atrial fibrillation; ERAF — early recurrence of atrial fibrillation. Cl — confidence interval; OR — odds ratio.

not provided in Choi’s and Kiliszek’s studies,
thus data for ERAF in Korean and 6-month AF
recurrence in Polish were used in the current
meta-analysis. It is possible that the influence
of genetic factors might have different impart on
AF recurrence depending on post-ablation period
(occurring within 3-months or later than 3-months
after ablation). Other potential causes, such as
the variability of technical approach to ablation
procedure, ability for AF surveillance, frequency
of polymorphism among studied populations, com-
position of AF patients and sample size, as well
as the adjusted covariates, would be confounders
in AF recurrence.

Conclusions

Common 4q25 genetic variants rs2200733 (TT
or TT+TC) and rs10033464 (TT+TG or TG) are
associated with increased risk of AF recurrence.
And rs2200733 C>T can be used as a clinical
marker for outcome prediction before embark-
ing on the procedure. Further prospective stud-
ies, especially large-scale multicenter trials with
standardized clinical procedures, are warranted
to ascertain the mechanistic relationship between
rs2200733/ rs10033464 and clinical response after
ablation. These studies will eventually contribute
to establishing the genotype-based algorithm for
prediction and developing the genotype-guided
therapy in clinical practice.

Limitations of the study

Under review was the effect of rs2200733
and rs10033464 on the risk of AF recurrence after
catheter ablation, but the following limitations are
still worth mentioning. First, this is a retrospec-
tive observational study that needs prospective
confirmation. Unavoidable differences and some
variability introduced by operators exist between
centers, which may diminish the strength of ob-
served associations or contribute to the lack of an
association in heterozygous comparison or reces-
sive comparison in subgroup analysis. Second, it
is possible that variability and accuracy together
with the intensity of AF monitoring after ablation
inherently limited the interpretation of data in
the current study. Asymptomatic AF after abla-
tion was not investigated in all centers. Third,
the presence of 1 variant indicated an increased
risk for AF recurrence, but variant carriers vary
greatly in different centers and represent only
a minority of the AF population. Thus, prospective
studies, especially large-scale multicenter trials
with standardized clinical procedures are warranted
to fully appreciate their risk. Fourth, although it
was speculated that these variants modulate the
expression of PITX2c and result in alterations in
PV phenotype, PV-LA reconduction is still the
prevailing cause for AF recurrence after ablation.
Other mechanisms such as progression of low volt-
age area in LA, non-PV foci also may be associated
with AF recidivism. However, because whether
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re-ablations were performed or not has remained
unknown during the follow-up period in these
centers, reconduction could not be assessed. AF
recurrences might be due to different mechanisms
that are not captured with the analyzed variants in
these studies. And it is also worth noting that 4q25
variants may simply be used as one of the clinical
markers for outcome prediction. Finally, given
the fact that PITX2 adjacent non-coding RNA and
enhancer binding protein 2 alpha were involved in
regulation of PITX2c expression [35, 36], it cannot
be ruled out that rs2200733 or rs10033464 vari-
ants may also control the expression of coding or
non-coding regions of other AF-associated genes
or SNPs through gene-gene interaction [37]. Not
all AF-susceptibility variants which were in linkage
disequilibrium with these variants were included
in this analysis. The impact of potential gene-gene
interaction at 4q25 locus to the clinical response
for ablation remained unknown.
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