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Abstract

Background: Long QT syndrome (LQTS) is caused by the abnormal function of ion channels,
which may also affect atrial electrophysiology and be associated with the risk of atrial fibrillation
(AF). However, large-scale studies of AF risk among LQTS patients and its relation to LQTS
manifestations are lacking. We aimed to assess the risk of AF and its relationship to the LQTS
genotype and the long-term prognosis in LQTS patients.

Methods: Genotype-positive patients with LQTS (784 LQT1, 746 LQT2 and 233 LQT3) were
compared with 2,043 genotype-negative family members. Information on the occurrence of AF
was based on physician-reported ECG-verified events. Multivariate Cox proportional hazards
regression analyses were performed for ages 0 to 60 and after 60 years (reflecting an early and late
onset of AF) to assess the risk of incident AF by genotype and the relationship of AF to the risk of
cardiac events defined as syncope, documented torsades de pointes, and aborted cardiac arrest or
sudden cardiac death.

Results: In patients followed from birth to 60 years of age, LQT3 patients had an increased risk
of AF compared to genotype-negative family members (HR=6.62, 95%CI 2.04-21.49, p<0.001),
while neither LQT1 nor LQT2 demonstrated increased AF risk. After the age of 60 years, LQT2
patients had significantly lower risk of AF compared with genotype-negative controls (HR=0.07,
95%Cl 0.01-0.53, p=0.011). AF was a significant predictor of cardiac events in LQT3 patients
through the age of 60 (HR=5.38, 95%CI 1.17-24.82, p=0.031).

Conclusions: Our data demonstrate an increased risk of early age AF in LQT3 patients and also
indicate a protective effect of the LQT2 genotype in it’s association with a decreased risk of AF
after the age of 60.
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Background

Atrial fibrillation (AF) is a common cardiac rhythm disturbance that increases in prevalence
from 0.1-0.5% among those <50 years of age to 1-2% in the 50-60 year old age group and
5-7% and higher in patients aged 70 years or older.1™® In most cases, attributable primarily
to the elderly or patients with cardiovascular comorbidities, AF occurs on the basis of well-
established risk factors,2 however up to 20% of patients diagnosed with AF are younger than
60 and apart from AF may be ostensibly healthy.

While pathophysiology of AF and its natural course still remain challenging,®
pharmacological interventions aimed at termination of AF episode or prevention of AF
recurrence are primarily achieved through interventions aimed at either sodium current,
which slows the upstroke of the action potential (such as class IC antiarrhythmic drugs) or
potassium current, which leads to prolongation of the repolarization phase of action potential
and extension of refractory period of myocardial cells. Since most of the ion channels are
represented in both atrial and ventricular myocardium,”- 8 abnormal channel function is
likely to affect both ventricular and atrial repolarization processes, which was supported by
large cohort studies 19 describing the association between the QT interval on surface ECG
and the occurrence of AF.

Patients with the inherited Long QT Syndrome, which has an estimated prevalence of
1:2500 in the general population,11 have a prolongation of ventricular repolarization caused
by altered expression of function of repolarizing ion channels, mainly “loss-of-function”
potassium channels or “gain-of-function” sodium channel mutations, of which SCN5A,
KCNQ1 and KCNH2” are the most commonly affected genes, resulting in reduction of net
repolarizing currents.12:13-15
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Electrophysiological studies performed in patients with LQTS demonstrated prolongation of
action potential duration in atrial myocardium and inducible polymorphic atrial tachycardia,
phenotypically described as atrial torsades de pointes.16 The suspected causative link
between carrying an LQTS mutation and device-detected subclinical AF was further
supported by a small-scale case-control study in ICD-treated LQTS patients!’ and
observations of increased early-onset AF prevalence among genotype-positive LQTS
patients in the Mayo Clinic study, which first performed a systematic analysis of the
relationships between LQTS and AF.18 Studies reported to date, however, were limited in
size, not able to assess genotype-specific aspects of the association between LQTS and AF
and did not address late-onset AF. Therefore, our aim was to assess the risk of AF and its
relationship to genetic and clinical manifestations of LQTS in a large cohort of patients with
the most common variants of congenital LQTS.

Methods

The data, analytic methods, and study materials will not be made available to other
researchers for purposes of reproducing the results or replicating the procedure.

Study population

Patients in this study were from the Rochester-based LQTS Registry; enrollment into the
registry has been previously described.13: 19.20.21 patients were selected to the current
analysis if they were shown to be carriers of disease causing mutations in KCNQI (LQTL,
n=784), KCNH2 (LQT2, n=746), or SCN5A (LQT3, n=233).15 Patients were excluded from
the study if they had more than one LQTS-associated mutation. A cohort of family members
who were genetically tested and found to be negative for LQTS-associated mutations was
used as a control group (n=2,043), which was followed up at the discretion of cardiologists
who are contributing to the registry. Though systematic screening for AF was not included in
the registry protocol, ECG-documented AF was a pre-specified reportable event.

Data collection

Standard 12-lead resting ECG was acquired at the time of enrolment in the registry. RR and
QT intervals were measured on the first recorded ECG and used for calculation of the heart
rate corrected QT-interval according to Bazett’s formula (QTc). Clinical data were collected
on prospectively designed forms with information on demographic characteristics, personal
and family medical history, ECG findings, therapies, including QT-prolonging medications,
and events during long-term follow-up, including AF. Information about beta-blocker use
was also collected in order to allow for time-dependent assessment of their possible impact
on the incidence of cardiac events.

Endpoints

The age at first documentation of AF as reported by a physician contributing to the registry
was considered the date of first clinical manifestation of AF for the purpose of this analysis
and construction of Kaplan-Meier survival curves. The cardiac event endpoint of the
Rochester LQTS registry study was the age at occurrence of a first syncope (defined as
transient loss of consciousness that was abrupt in onset and recovery), aborted cardiac arrest
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requiring defibrillation as a part of resuscitation attempts (ACA) or LQTS-related SCD
(abrupt in onset without evident cause, if witnessed or death that was not explained by any
other cause if it occurred in a non-witnessed setting including sleep).

The LQTS Registry study was approved by the University of Rochester Research Subject
Review Board.

Statistical analysis

Results

Differences in the various characteristics by genotype were evaluated by standard univariate
statistical methods. The cumulative probabilities of the first occurrence of AF from birth, for
early onset, and after age 60, for late onset, were assessed by the Kaplan-Meier method
using the log-rank statistic for significance testing. Multivariate Cox proportional hazards
regression analyses were adjusted for gender, QTc, and time-dependent beta-blocker therapy
and were used to estimate the association between specific LQTS genotype and risk of AF in
the above age ranges as well as the association between incident AF and subsequent cardiac
events. Because detection of short-lasting AF episodes may have been affected by the use of
implantable cardioverters-defibrillators, the model was also adjusted for time-dependent
ICD use. As a secondary analysis, the model was additionally adjusted for co-morbidities
associated with AF, such as hypertension, coronary artery disease and diabetes.

For the analysis of cardiac event endpoints the multivariate Cox proportional hazards was
again utilized to evaluate the independent association of time-dependent AF with the risk of
cardiac events from both birth through age 60 and beyond age 60.

Study population.

The clinical characteristics of the study population are presented in the Table 1 that
illustrates comparisons between LQTS carriers by genotype and non-carriers.

AF at any time was observed in 29 control subjects (1.5%) and in 36 (2.0%) patients with
LQTS (Figure 1). However, when early-onset AF <60 years was considered, it was observed
extremely rarely in the control population (0.3%, n=6) compared to 1.1% (n=20) of LQTS
subjects with its cumulative risk of AF by the age of 60 reaching 11% in patients with LQT3
compared to 1-2% prevalence in patients with LQT1 (2%), LQT2 (1%) and genotype-
negative controls (1%).

LQTS Genotype-Related Risk of AF

The cumulative probability of AF through the age of 60 by genotype is shown in Figure 2A.
The results of the Cox regression analysis of the risk of AF assessed in relation to the
genotype-negative family members as a reference group are presented in Table 2. For the
early-onset AF by the age <60 years, a ten-fold increase risk of AF was observed in patients
carrying LQT3 mutations in relation to the control group while patients with other LQTS
genotypes did not demonstrate any significant difference from the control group. AF
prevalence among men through age 60 was not significantly higher than in women (14% vs
9%, p=0.412) among LQT3 patients.
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Assessment of possible association between specific LQT3 mutations and risk of AF yielded
inconclusive results. We tested the possibility of AF risk linked to pore mutations in the
SCN5A gene and observed significant separation of Kaplan-Meier curves indicating AF risk
associated with pore mutations (Supplementary Figure 1A, Supplementary Table 1). Out of
17 LQT3 patients with observed AF, 6 had mutations in the pore region of SCN5A (35%),
while 5 of them were located in T370M. However, early AF that was diagnosed before 40
years of age among LQT3 patients was primarily observed in the carriers of non-pore
SCNS5A mutations. We cannot exclude a possibility that T370M mutation has affinity to AF
but there is no literature data supporting it.

LQT1 and LQT2 patients did not show significantly different risks of AF through the age of
60 as compared to control subjects. The relationship between the type of mutation
(transmembrane vs non-transmembrane) and AF incidence was tested in LQT1 patients not
yielding significant results (Supplementary Figure 1B).

After the age of 60 (Figure 2B), the risk of AF by the age of 80 years was about 13% in
control subjects, which was comparable to 11% in LQT1 carriers. In LQT3 carriers, AF
occurred in 20% of studied patients by the age of 80 years. In LQT2 carriers there was only
1% risk of AF bye the age of 80 years. Table 2 shows respective hazard ratios after
adjustment for gender, QTc, time-dependent beta-blocker treatment and time-dependent ICD
placement demonstrating a significantly decreased risk of AF in LQT2 patients relative to
control subjects (HR=0.07; p=0.011). With a limited number of 39 LQT3 patients after the
age of 60, the hazard ratio for the risk AF in comparison to controls was 2.43 (p=0.089).

Significant differences in regard to late-onset AF risk were observed between LQTS
genotypes with both LQT1 (HR 17.62, 95%Cl: 2.16-143, p=0.007) and LQT3 (HR 34.48,
95% CI: 4.01-296, p=0.001) showing significantly increased risk of AF after 60 years
compared to LQT?2 patients. In regard to the early-onset AF, LQT3 patients had significantly
elevated risk of AF compared to both LQT1 (HR 7.43, 95%Cl: 2.73-20.22, p<0.001) and
LQT2 (HR 26.74, 95%Cl: 5.92-120.78, p<0.001) mutation carriers.

A sensitivity analyses was done using the Cox regression model additionally adjusted for
coronary artery disease, hypertension and diabetes mellitus and resulted in similar hazard
ratio estimates demonstrating significant risk associated with LQT3 before 60 years of age
(HR 14.26 95%CI 4.06-50.08, p<0.001) and similar protective effect of LQT2 genotype
after the age of 60 (HR 0.08, 95%CI 0.01-0.62, p=0.016).

We also evaluated the association between QTc duration and AF in LQT1 and LQT3 carriers
and genotype-negative control subjects and found longer QTc being linked to the lower risk
of AF in LQT3 patients, but not in LQT1 (Table 3). This analysis could not be conducted in
the LQT2 patients since they did not present with AF.

Since beta-blocker therapy, which is commonly administered to patients with LQTS, may
affect AF incidence, all Cox regression models were adjusted for time-dependent beta-
blocker use. In addition, we have also performed a sensitivity analysis by comparing the
probability of AF between the three LQTS genotypes and control group using Kaplan-Meier
curve analysis by including only patients who at any time were treated with beta-blockers.

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2020 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Platonov et al. Page 6

Supplementary Figure 2 demonstrate the pattern, which is similar to the one observed for the
entire study cohort (Figure 1).

Association between AF and the Risk of Cardiac Events

AF was significantly associated with the risk of cardiac events in the pooled cohort of
genotype-positive LQTS patients carrying LQT1, LQT2 or LQT3 mutations before the age
of 60 years (HR=9.85, 95%CI 2.37-41.02, p=0.002) and was not observed after the age of
60 (HR=1.03, 95%CI 0.13-7.96, p=0.977). Analysis of the genotype-specific subgroups
demonstrated significant association between AF and CE among LQTS3 carriers (HR=5.38,
95%CI 1.17-24.82, p=0.031) while the number of events was not sufficient for assessment
of risk estimates in the LQT1 and LQT2 subgroups.

Discussion

Main findings
In a large cohort of mutation carriers with the three most common variants of LQTS this
study demonstrates significant genotype-specific differences in predisposition to AF
dependent on the type of the affected ion channel. Our data confirm earlier suggested AF
hazard associated with LQT3 and for the first time demonstrate the protective effect of the
LQT2 mutations regarding late-onset AF. While the use of beta-blockers, which may have
affected AF incidence, was significantly more common among LQTS patients compared to
controls, its use was similar across different LQTS genotypes and could not explain
differences in AF predisposition between the groups. Our findings also demonstrate that AF
in patients with LQT3 should be considered as a marker of mutation penetrance and an
indicator of the increased risk of cardiac events.

Age-related AF prevalence in epidemiological cohorts

The prevalence of AF is known to increase with age and epidemiological studies performed
in different cohorts report remarkable similar estimates of AF being below 1% in those
younger than 50-60 years and increasing to levels reaching 15% after the age of 80.22,23
There is a general understanding that these estimates are significantly lower than actual AF
prevalence due to the paroxysmal nature of the arrhythmia and commonly observed lack of
symptoms or unspecific complains that complicate establishing of diagnosis.2 These
prevalence estimates are generally drawn from assessments based on symptomatic AF and
rely on record linkage with clinical databases containing diagnosis codes for AF.1: 4 24
Implementation of dedicated AF screening strategies may result in significantly higher
prevalence estimates as shown by a Swedish study that utilized thumb-ECG for AF
screening.® In our study, we relied on physician-reported AF, which is similar to the
approach applied in the majority of epidemiological studies, on which current AF prevalence
estimates are based. In line with previous observations, AF prevalence in the reference
population of genotype-negative family members in our study demonstrated age-related
increases in AF prevalence being 0.2% at the age of 50 and rising to 1% by 60 years and
further up to the level of 5% at 70 and 15% and 80 years. The remarkable agreement
between our AF prevalence estimates and the earlier reported epidemiological findings
supports the validity of our control group and AF results.
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Atrial fibrillation under the age of 60 years in LQTS

AF that occurs at young age in patients without cardiovascular comorbidities or other well-
established risk factors is more likely to be related to genetically determined mechanisms
than late-onset AF and several single-nucleotide polymorphisms (SNPs) derived from
genome-wide association studies (GWAS) have shown their role in predisposition to early
onset AF, 2 including those affecting the function of potassium channels involved in the
repolarization phase of the action potential of cardiac myocytes26-28 and also atrial specific
Ikyr Current.29

Our study was focused on assessing the impact of disease-causing mutations in patients with
the three most prevalent LQTS genotypes and revealed statistically significant risk
associated with carrying LQT3 mutations. The mechanistic rationale for association between
mutations in SCN5A and AF may be related to two principal mechanisms. A series of
experimental studies on murine models of LQTS demonstrated arrhythmogenic cellular
atrial electrophysiology associated with gain-of-function alterations in the Iyg_ current
observed as prolongation of action potential duration and increased propensity to early
afterdepolarizations (EAD).3%: 31 On the other hand, clinical observations presented earlier
by our group demonstrated deteriorated atrial conduction in LQT3 patients.32

A number of mutations or rare variants in SCN5A has been reported in patients with either
lone AF or AF associated with cardiovascular comorbidities, which co-segregated with
familial AF but not necessarily accompanied by QTc prolongation or clinical LQTS.33 In
another study on Scandinavian patients with early-onset AF, SCN5A variants previously
associated with LQT3 were discovered in patients with early-onset lone AF without QTc
prolongation.3* Functional studies performed by the same group demonstrated compromised
peak sodium current, increased sustained sodium current, and indicated a possible overlap
between the mechanisms underlying LQT3 and lone AF with action potential prolongation
as a substrate and EADs as triggers for arrhythmia.

In the context of clinical LQTS, the study performed at the Mayo clinic has provided the
first systematic analysis of the possible link between LQTS-causing mutations and early-
onset AF.18 Out of 457 LQTS patients who were genotyped at the Mayo clinic, eight had
documented AF before age of 50, which was estimated to be 17.5 times higher than the
0.1% population-based prevalence statistic and was slightly more common in LQT1 (5 of
211) than in LQT2 (none of 174) or LQT3 (1 of 59). However, no conclusions could be
drawn concerning genotype-specific risk estimates due to the study size limitations, which
we were able to overcome. In our study, despite the insignificant differences in the incidence
of early onset AF between LQT1/ LQT2 patients and genotype-negative controls, AF
manifested at earlier age in LQTS mutation carriers than in controls. Therefore, our study
cannot rule out the effect of individual mutations on the risk of early AF, however no
systematic relationship could be proven based on our data.

Notably, early onset AF in our genotype-positive LQTS patients was strongly associated
with the risk of cardiac events and remained significant in the subgroup of LQT3 patients in
whom most of AF cases was reported. These findings suggest that AF in LQT3 mutation
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carriers should be considered as a manifestation of LQTS and accounted for in risk
stratification strategies.

Late-onset AF and the protective effect of LQT2

To the best of our knowledge, no previous study addressed the impact of LQTS mutations on
the incidence of late-onset AF and we are the first to report genotype-specific AF risk
estimates based on a large-size genotype-positive LQTS cohort. Even in the older age group,
there was a trend of an increased incidence of AF in patients with LQT3 (p=0.089), but
among patients with LQT1 AF risk did not differ from the one in the reference group and
corresponded to the one expected for this age group.

The novel finding is the apparently protective effect of LQT2 mutations in regard to incident
AF after the age of 60, who demonstrated only 9% of the risk of AF (i.e. 91% risk reduction)
compared to the reference group. Of the 155 LQT2 patients in this age category only one
developed AF. Literature on the impact of LQT2 mutations in the context of AF is scarce.
Johnson et al. did not observe any AF cases among 174 LQT2 mutations carriers followed
up until 50 years of age, which is further supported by our findings.18

To what extent LQT2 mutations affect electrophysiology of atrial myocardium is to a large
extent unknown. In a single report by Kirchhof et al., electrophysiology study was
performed in ten patients with LQTS, of whom four had LQT2 genotype. Notably, EADs
and/or polymorphic atrial tachyarrhythmias were observed in two LQT2 patients who had
normal QTc while two carriers of the same mutation (S428L) with QTc of 500 ms and 560
ms did not have either EADs or polymorphic atrial tachyarrhythmias induced during
electrophysiological study.

Our finding of a suggested protective effect associated with the LQT2 genotype in regard to
the risk of AF is indirectly supported by genotyping studies on patients with lone or early
onset AF. KCNH2 variants associated with lone AF have been characterized by slower
deactivation and increased repolarizing potassium current with no QTc prolongation
observed in affected subects.3> On the other hand, in a study on patients with very early
onset of AF performed by Olesen et al. no KCNH2 mutations were identified while the
prevalence of mutation in other ion channel related gene was very high.28 Finally, KCNH2
mutations associated with short QT syndrome are well documented, while there is no
documentation of association between LQTS-causing mutation in KCNH2 gene and
increased risk of AF, in line with findings of the current study.3® It is therefore tempting to
speculate that LQT2 mutations associated with loss-of-function effect on the repolarizing /x,
channel prolong repolarization of atrial cardiomyocytes and lead to the same effect as class
I11 antiarrhythmic drugs administered for prevention of AF recurrence in patients with
paroxysmal AF.

The mechanisms underlying difference in the incidence of AF between patients with LQT1
and LQT2 are not clear at this point. The potassium channels /xsand /x,affected by the
mutations associated with the two most common types of LQTS are expressed in both atrial
and ventricular myocardium and there is no convincing evidence, which would suggest that
selective inhibition of /x,or /x,-would result in fundamentally different effect in the atria
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and ventricles. However, important differences exist between the two channels in regard to
their impact on action potential duration (APD), which may explain the differences in regard
to the observed association with genotype-dependent AF incidence.

Inhibition of the /x,channel coded by the KCNH2 gene leads to a prolongation of APD and
provides the fundamental mechanism of antiarrhythmic action of class 111 antiarrhythmic
drugs. On the other hand, selective inhibition of /x¢in humans mimicking loss-of-function
mutations associated with LQT1 only minimally affects APD under normal circumstances.3’
/x5 contribution to the repolarization process becomes apparent during beta-adrenergic
stimutation, 38 which results in the prolongation of the repolarization phase, associated with
increased propensity to EADs thus explaining stress-related triggers in LQT1 patients.32 It is
therefore plausible to suggest that loss-of-function KCNQZ1 mutations affecting /Ks may not
result in a consistent APD prolongation in the atrial myocardium as in the case of LQT2,
thus not providing a protective mechanism against AF observed among KCNH2 mutation
carriers.

Our findings regarding the association between QTc duration and risk of AF indicate that a
longer QTc is associated with less AF than with shorter QTc in LQT3 patients whereas such
an association was not observed in LQT1 patients and in control subjects. These results
imply the existence of non-linear relationship between APD and the risk of AF in SCN5A
mutation carriers. We documented in the past that LQT3 patients have prolonged P wave and
altered P wave morphology, i.e. well-established markers of increased AF risk, in
comparison to healthy controls.32 It is possible that LQT3 patients who have SCNSA
mutations also expressed in atria have a protective effect of prolonged atrial APD, which
counterbalances the deteriorated atrial conduction that promotes AF in SCN5A mutation
carriers. In our study, LQT3 patients with AF had shorter QTc values compared to patients
without AF (465 * 67 vs 47952 ms, p=0.165), which is in agreement with the study by
Olesen et al. who observed early onset AF in SCN5A mutation carriers with unaffected QTc.

Limitations of the study

Our study is based on analysis of the clinical information of patients included in a multi-
center registry and therefore has limitations inherent to the registry study design. While
relying on the information concerning incident AF provided by participating investigators,
no systematic device-based screening for AF was included in the LQTS registry protocol. It
is therefore possible that the data we present do not include the incidence of short or mildly
symptomatic recurrent AF. However, AF was a prespecified reportable clinical event, which
supports the validity of differences observed between the groups. Finally, while observing
significant association between AF and cardiac events among patients younger than 60
years, the number of cardiac events was insufficient after the age of 60 in order to
appropriately test the relationship between AF and cardiac events.

Conclusion

In a large LQTS cohort, we report a significant association between the LQT3 genotype and
the risk of early-onset AF. Additionally, in patients with LQT3, AF is an indicator of an
increased risk of cardiac events and should be considered in risk stratification and the choice
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of primary prevention strategies. On the other hand, patients with the LQT2 genotype have a
very low risk of AF during their life time thus suggesting a protective effect of LQT2
mutations against AF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

. Congenital long QT syndrome is caused by abnormal function of the
potassium and sodium ion channels that are expressed both in the ventricular
and atrial myocardium

. The increased prevalence of atrial fibrillation, particularly at early age, has
been reported among carriers of mutations associated with long QT syndrome

WHAT THE STUDY ADDS
. LQT3 genotype is significantly associated with early-onset atrial fibrillation
. LQT2 genotype is associated with a life-time low risk of atrial fibrillation
. In patients with LQT3, atrial fibrillation is an indicator of an increased risk of

cardiac events.
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Figure 1.

Cumulative lifetime risk of new-onset early AF by genotype.
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Figure 2.
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A. Cumulative risk of new-onset early AF by genotype. Note significant hazard of early-

onset AF associated with LQT3 genotype. B. Cumulative risk of new-onset late AF by

genotype. Note negligibly low incidence of AF after 60 years of age in patients with LQT2

genotype.
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Table 1.
Clinical characteristics of studied patients
Genotype-negative LQT1 LQT2 LQT3
p-value 1-2-3
0 1 2 3
# of Patients 2043 784 746 233
Probands, n(%) N/A 136 (17) | 166(22) | 35(15) 0.012
Male, n (% ) 938(46) 330(42) | 320(44) | 102(44) 0.715
Age at enrolment, years 23+21 264217 25421 % 26220 0.862
Atrial Fibrillation
AF at any time, n (%) 29(1.4) 16(2.0) 3(0.4) * 17(7.3) <0.001
AF in probands, n (%) N/A 4 (2.9) 2(1.2) 4(11) 0.005
Age atlst AFib, yr 7111 58+17 46416~ 494217 0.393
AF<=60 years, n (%) 6(0.3) 6(0.8) 2(0.3) 12(5.2) 4 <0.001
AF> 60 years, n (%) 19 (1.1) 114 | 100* | 6@9 0.003
ECG, mean+sd
RR, sec 7724218 831216” | 823:2457 | 836+245" 0.702
PR, sec 147430 1504337 | 148429 | 1574307 <0.001
QTec, msec 422£31 a80+48” | 480+547 | 4784537 0.740
Treatment, n (%)
Beta-blockers 311(15) 54369) | | 582(78) 7 | 14261) 7 <0.001
Class I and 11l AAD 20 (1.0) 13 (1.6) 709 | 3806 <0.001
LCSD 0(0) 81) 142) " 20)” 0.315
Pacemaker 25(1) 3@’ | waoy” | ww’ <0.001
IcD 12(1) 10513) 7 | 19426) 7 | so3a)” | <0001
Cardiac Events During Follow Up, n(%)
Syncope 269(13) 30939) 7 | 312042) 7 | ea@ry’ | <0001
ACA 90) 200)" | sue)7 | 180) 7 0.002
Sudden Cardiac Death 0(0) 13(2) u 19(3) 7 12(5) 7 0.011
Appropriate Shock 0(0) 182) " 316) 7 83) 0.019
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AAD - antiarrhythmic drugs; ACA - aborted cardiac arrest; AF — atrial fibrillation; ICD — implantable cardioverter-defibrillator; LCSD - left
cardiac sympathetic denervation

*

- p<0.05 in comparison with Genotype-negative group

f- p<0.001 in comparison with Genotype-negative group
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Table 2.

Cox regression analysis of the risk of early (<60 years) and late (>60years) AF among LQTS mutation carriers
by genotype compared to the genotype-negative control subjects (adjusted for gender, QTc, time-dependent
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beta blocker therapy and time-dependent ICD use)

Age <60 years Age >60 years
HR 95%Cl p-value | HR 95%CI p-value
LQT1 vs Control | 1,24 | 0.36-4.30 0,472 1,14 | 0.51-2.55 0,748
LQT2 vs Control | 0,22 | 0.04-1.25 0.087 0,07 | 0.01-0.53 0,011
LQT3 vs Control | 6,62 | 2.04-21.49 | <0.001 | 2,23 | 0.79-6.28 0,128
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Table 3.

Cox regression analysis of the impact of QTc by 10 ms increase on risk of early (<60 years) and late
(>60years) AF among the carriers of LQT1 and LQT3 mutation carriers and genotype-negative control
subjects. (adjusted for gender and time-dependent beta blocker therapy). Interaction p-value LQT1 vs LQT3:
p=0.020 for Age<60 years and p=0.018 for Age>60 years. Interaction between the LQTS genotypes and the
control group are not significant in either of the age intervals.

Age <60 years Age >60 years

HR 95%ClI p-value | HR 95%ClI p-value

LQT1 1.03 | 0.90-1.17 0.674 1.01 | 0.90-1.13 0.835

LQT3 0.82 | 0.72-0.94 0.004 0.75 | 0.61-0.93 0.010

Control | 0.90 | 0.70-1.16 0.415 0.92 | 0.80-1.06 0.231
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