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Abstract

Purpose of Review With this paper, we aim to summarize the knowledge on gender differences in the most common
inheritable channelopathies and cardiomyopathies, focusing on aspects that are of clinical importance for patient manage-
ment and follow-up.

Recent Findings Despite autosomal dominant inheritance patterns in most of the inheritable cardiac channelopathies and cardio-
myopathies, there is increasing awareness that there are important gender differences in disease penetrance and severity, affecting
prevalence, clinical presentation, and patient management.

Summary Important gender differences are present in Long QT syndrome, Brugada syndrome, arrhythmogenic cardiomyopathy,
and hypertrophic cardiomyopathy. In LQTS, genotype-specific differences are important, and female LQT2 patients have higher
arrhythmic risk compared with male. In the remaining inheritable channelopathies and cardiomyopathies discussed in this review,
male patients are more likely to have penetrant disease and experience arrhythmic events. Mechanistic explanations for the
observed gender differences are sparse, but in channelopathies, hormonal effects are thought to be important. Although treatment
strategies in inheritable channelopathies and cardiomyopathies are similar in men and women with the notable exception of
women with LQT2, the differences between the sexes are important to be aware of in patient management.

Keywords Long QT syndrome - Brugada syndrome - Arrhythmogenic cardiomyopathy - Hypertrophic cardiomyopathy - Gender
differences - Sex differences

Introduction management. These gender differences are important to ac-
knowledge when working with patients with long QT syndrome

Despite autosomal dominant inheritance patterns in most of the ~ (LQTS), Brugada syndrome, arrhythmogenic cardiomyopathy

inheritable cardiac channelopathies and cardiomyopathies, there
are important gender differences in disease penetrance and sever-
ity, affecting prevalence, clinical presentation, and patient
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(AC, former arrhytmogenic right ventricular cardiomyopathy
(ARVC)), and hypertrophic cardiomyopathy (HCM), particular-
ly regarding risk stratification of ventricular arrhythmias. The
hormonal effects on different ion channels may partly explain
the sex differences observed in LQTS and Brugada syndrome,
whereas in AC and HCM mechanisms for these differences are
less well described and are likely multifactorial.

Congenital Long QT Syndrome
Prevalence and Clinical Presentation

Long QT syndrome (LQTYS) is characterized by prolonged QT
interval on ECG (Fig. 1) and a propensity for malignant
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Fig. 1 EGC from a healthy
individual (left) and an LQTS
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patient (right). The QT interval is
severely increased in the LQTS
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ventricular arrhythmias, syncope, and sudden cardiac death.
The QT interval is heart rate—dependent, and therefore the
heart rate—corrected QTc, calculated by, e.g., Bazett’s formula
as QT interval \RR-interval, is used for diagnosis. LQTS is
the best described ion channelopathy, and sex differences are
well known and differ between the specific genetic subtypes.

The QT interval is physiologically longer in women than in
men, and previously recommended cutoff values for
prolonged QT interval differed between men (QTc >
450 ms) and women (QTc >460 ms). However, the latest
guidelines propose a QTc >480 ms in the absence of second-
ary causes for QTc prolongation, to diagnose LQTS for both
sexes [1¢], while a QTc of 460 ms is sufficient to make a
diagnosis in the presence of unexplained syncope [1¢].

Genetically determined LQTS has an estimated prevalence
of 1:2000 [2]. Mutations in genes encoding ion channel sub-
units have been found in 60-75% of clinically diagnosed
LQTS patients [3, 4], and in total, 15 genes have been shown
to be associated with the autosomal dominant form (Romano
Ward syndrome) and 2 genes with the autosomal recessive
subtype (Jervell-Lange Nielsen Syndrome) [5]. Jervell-
Lange Nielsen syndrome is characterized by congenital, sen-
sorineural deafness in addition to a severe cardiac phenotype
[6, 71.

Importantly, there are significant sex differences in disease
penetrance and severity which have to be acknowledged in
patient management.

LQT1

Mutations in the KCNQ1-gene cause defect IKs potassium
channels with a phenotype of LQT1, which is the most com-
mon form of LQTS. IKs is most important for normal repo-
larization when heart rate increases, and arrhythmic events are
typically triggered by exercise.
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Young boys with LQT1 have higher risk of ventricular
arrthythmias and fatal events compared with girls carrying
the same mutation. However, in puberty, the risk of arrhyth-
mias is lower in males than females [8]. Therefore, if there
have been no arrhythmic events until the age of 16, the risk of
arrhythmias in males decreases, while in females, it remains
the same or increases [8, 9].

LQT2

The sex differences are most obvious in LQT2. Mutations in
the KCNH2 gene cause defect IKr potassium channels, which
is the most important potassium channel for repolarization at
rest. Arrhythmias are typically triggered by emotions and loud
noises. Throughout the lifespan, the risk of arrhythmias is
higher in females compared with males [8, 10]. Therefore,
women with LQT2 and QTc > 500 ms are considered at higher
risk than men with similar findings, and should be evaluated
for primary preventive ICD [1e, 11]. Interestingly, in LQT2
women, the risk of arrhythmias remains increased also after
menopause, suggesting lifelong follow-up and therapy [12].

In LQT2 women, the risk of arrhythmias increases signif-
icantly in the post-partum period, persisting for the first 9—
12 months after delivery [13]. Beta blocker therapy should,
therefore, be continued during pregnancy and under no cir-
cumstances be reduced in the post-partum period [13].
Management of mothers with LQT2 could also include infor-
mation that nightly nursing may be handled by the father to
ensure adequate rest for the mother, as sleep deprivation is a
risk factor for arrhythmic events [14]. A home automatic ex-
ternal defibrillator or a wearable defibrillator may be an option
in mothers as a bridge during the post-partum period when
ICD is not indicated or not preferred although this is not in-
cluded in current guidelines.
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LQT3

LQT3 is caused by mutations in the SCN5A gene encoding
the late sodium channel. Arrhythmic events are typically elic-
ited by rest or sleep. LQT3 children seem to have lower risk of
events compared with LQT2 and LQT]1 children, but risk
increases in adulthood [8]. However, if arrhythmic events oc-
cur in childhood, they are likely to become life-threatening,
and LQTS3 is believed to be a contributor to sudden infant
death syndrome [15]. There are conflicting reports on sex
differences in the risk of ventricular arrhythmias in LQT3.
One study indicated higher arrhythmic risk in LQT3 men
[16], while others found no difference in the risk of arrhythmic
events between the genders [8]. Beta blocker efficacy to pre-
vent ventricular arrhythmia may be more effective in women
with LQT3 compared with men [17].

Hormonal Differences and Arrhythmic Risk

In animal studies using transgenic LQT?2 rabbits, estradiol
exerted a pro-arrhythmic effect, while progesterone exerted
an anti-arrthythmic, protective effect [18]. In patients with ac-
quired LQTS, drug-induced QT prolongation is more pro-
nounced and the risk for drug-induced arrhythmias is higher
during menses and the follicular phase (with high estradiol
serum levels) than during the luteal phase (with relatively
higher progesterone levels) [19]. These observations suggest
a pro-arrhythmic role for estradiol and an anti-arrhythmic ef-
fect of progesterone in humans [20], although there are no
large studies on arrhythmias and menstrual cycles in women
with congenital LQTS.

Management

Beta blocker treatment is recommended in all clinically diag-
nosed LQTS patients (Class I B), and should also be consid-
ered in asymptomatic, mutation-positive family members
(Class IIa B) [1°]. These recommendations apply to both
men and women, but as discussed above, special attention
should be payed to LQT2 women, and in particular in the
post-partum period. The genotype should be evaluated as part
of the risk stratification, as there is a higher recurrence of
symptoms during beta blocker treatment in LQT2 compared
with LQT1 [14].

Regardless of gender, ICD implantation is recommended in
survivors of cardiac arrest (Class I B) and should be consid-
ered if symptoms persist despite beta blocker treatment (Class
[a) [1e]. If available, left cardiac sympathetic denervation
should be considered if there are contraindications against
beta blockers or ICD, or in case of breakthrough symptoms
on beta blocker therapy (Class I1a) [1°].

Brugada Syndrome
Prevalence and Clinical Presentation

Brugada syndrome is clinically characterized by ventricular ar-
rhythmias causing syncope or sudden cardiac death, typically
occurring during sleep or rest. Fever, excessive alcohol intake,
and large meals are known to increase the risk of arrhythmic
events. The diagnosis is based on the finding of a type 1
Brugada ECG pattern consisting of a right bundle branch block
pattern and ST segment elevation, either spontaneously or after
administrations of a sodium channel blocker [1¢]. However, fluc-
tuating ECG patterns make the diagnosis difficult.

Mutations are found in approximately 30% of clinically diag-
nosed cases, and more than 20 different genes have been shown
to cause Brugada syndrome, of which the SCN5A gene encoding
the late sodium channel is the most common and most important
[1¢]. The inheritance pattern is thought to be autosomal dominant
with incomplete penetrance. Prevalence is estimated at between
1:1000 and 1:10000 in different continents, and the disease seems
to be more prevalent in South East Asia.

Gender Differences

Brugada syndrome has well described sex differences with
greater symptoms and event rates and more frequently spon-
taneous type 1 ECG in post-pubertal male patients [21, 22].
There is no full mechanistic understanding of the observed sex
differences, but it has been suggested that androgens may
affect the I, channel and aggravate ion channel dysfunction.
Hormonal effects on the Brugada phenotype would also ex-
plain the regression of the typical ECG features in castrated
men [23]. The effects of oestrogens in Brugada syndrome are
less well known. However, pregnancy and the peri-partum
period seem to be well tolerated in women with Brugada syn-
drome [24]. Whether the risk of arrhythmias changes in post-
menopausal women is unknown.

Management

ICD is the only treatment strategy shown to increase survival
[Le]. The main challenge is to choose which patients would
benefit from an ICD. The latest guidelines state that a diag-
nostic ECG and an aborted cardiac arrest or a documented
sustained VT should warrant an ICD implantation [1¢].
However, they also argue that it is not indicated in asymptom-
atic subjects with a type 1 ECG, even with a family history of
sudden cardiac death. Treatment strategies are similar in both
sexes, but as more male patients experience symptoms, men
are more likely to be implanted with an ICD. Quinidine and
isoproterenol may be considered, particularly during arrhyth-
mic storms, although no larger studies have shown anti-
arrhythmic effects. Aggressive treatment of fever and lifestyle

@ Springer



16 Page4of 7

Curr Cardiovasc Risk Rep (2019) 13: 16

changes such as avoiding large alcohol intakes are also impor-
tant, as well as avoiding drugs thought to increase the suscep-
tibility to arrhythmias (brugadadrugs.org).

Arrhythmogenic Cardiomyopathy
Prevalence and Clinical Presentation

Arrhythmogenic cardiomyopathy (AC) (former arrhythmogenic
right ventricular cardiomyopathy, ARVC) is clinically character-
ized by exercise-induced syncope or sudden cardiac death and is
an important cause of death in young individuals and athletes in
particular. Patients may present with symptoms of heart failure,
but arthythmic debut is more common. The diagnosis is based on
Task Force Criteria [25], including the evaluation of the presence
of ventricular arrhythmias, typical morpho-functional changes,
ECG-changes, tissue characterization, and family history
resulting in a diagnosis of definite, borderline, or possible AC.
The morpho-functional criteria include parameters from echocar-
diography and cardiac magnetic resonance imaging which should
be performed as part of the diagnostic work-up. AC is a progres-
sive cardiomyopathy with a gradual fibro-fatty replacement of
cardiomyocytes. In the early “concealed phase,” individuals are
often asymptomatic, but are at risk of ventricular arrhythmias and
sudden cardiac death. In the overt “electrical phase,” individuals
present with symptomatic arrhythmias, and right and more rarely
left, ventricular morphological abnormalities may or may not be
detectable by conventional imaging modalities. Finally, diffuse,
progressive disease may result in right, left, or biventricular heart
failure, often combined with ventricular arrhythmias.

Genetics

Genetic AC has an autosomal dominant inheritance pattern,
with incomplete penetrance. Mutations are found in approxi-
mately 50% [26] of patients, and desomosomal genes are most
commonly involved, including Desmoplakin (DSP),
plakoglobin (JUP), plakophilin-2 (PKP2), desmocollin 2
(DSC2), and desmoglein-2 (DSG2). It is important to notice
that high levels of genetic noise and age-related and variable
penetrance warrant cautious interpretation of genetic findings.

Gender Differences

Prevalence of AC is estimated to be 1:1000—1:5000 [1°].
Penetrance is incomplete, but cardiac penetrance is reported to
be threefold higher in men compared with women [27]. Men are
also more frequently probands and are more severely affected,
and male sex has been reported as a risk factor for ventricular
arrhythmias [28¢], but studies are inconsistent. The reasons for
the higher penetrance and arrhythmic risk in men are not clear. It
is known that athletic activity has a major impact on disease

@ Springer

severity and progression [29, 30], and higher frequency of male
athletes may be one of the potential explanations.

Management

Imaging parameters for AC diagnosis are adjusted for body sur-
face areca (BSA) [31¢], but otherwise, no sex-specific differences
in diagnostic criteria or management of AC patients are
established. Treatment strategies [1¢] include a recommendation
for avoidance of competitive sports, and maximally tolerated
dosages of beta blockers. However, in an observational registry,
beta blockers including sotalol did not seem to reduce ventricular
arrthythmias [32]. ICD implantation is recommended in patients
with an aborted cardiac arrest, and should be considered in pa-
tients with documented, well-tolerated, sustained VT and in high
risk individuals.

Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is defined as in-
creased left ventricular wall thickness that is not solely
explained by abnormal loading conditions. It is the most
common genetic cardiomyopathy, with an estimated
prevalence of 1:500 [26]. The disease is typically asymp-
tomatic at early stages, but patients have increased risk
of arrhythmias resulting in syncope or even sudden car-
diac death. Furthermore, the hypertrophy may cause ob-
struction of the left ventricular outflow tract, resulting in
the development of heart failure. Mutations were found
in approximately 50-60% of patients [26], most typically
in sarcomere protein genes, including the beta-myosin
heavy chain gene (MYH7), the cardiac myosin binding
protein ¢ gene (MYBPC3), the troponin T gene, and the
alpha-tropomyocin gene.

Gender Differences

In HCM, penetrance of disease is higher in men [1e, 33], and a
3:2 ratio in male versus female patients has been reported [34].
Consequently, women are more frequently asymptomatic muta-
tion carriers compared with men. Importantly, the risk of ventric-
ular arrhythmias in women with penetrant HCM is at least equal
to the risk in men [34]. Therefore, in women with HCM, arrhyth-
mic risk should not be falsely underestimated, and sex should not
be considered in risk stratification for ventricular arrhythmias in
patients with overt HCM. Women are also reported to be older at
diagnosis, more frequently symptomatic and at higher risk for
death from heart failure or stroke compared with men [34].
These gender-specific differences suggest that social, endocrine,
genetic, or other factors may affect the diagnosis and clinical
course of HCM.
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Management

Patients with HCM are at considerable arrhythmic risk, and
treatment strategies are similar in both sexes [1¢]. Avoidance
of competitive sports has been recommended in patients with
manifest disease, especially if a left ventricular outflow tract
(LVOT) gradient is present. In recent reports, the avoidance of
exercise is less strict and suggests that exercise may be bene-
ficial [35¢, 36¢]. There is little evidence for the benefit of using
anti-arrhythmic medications in HCM patients. Amiodarone
possibly reduces the incidence of SCD in patients with docu-
mented non-sustained ventricular tachycardia, but this finding
is not consistent. Disopyramide and beta blockers are used to
treat LVOT obstruction, but there is no evidence that they
reduce the risk of SCD. Surgical myectomy or septal alcohol
ablation is used to treat patients with high LVOT gradients,
but is not recommended to reduce risk of SCD even in patients
with LVOT obstruction. The main treatment question in terms
of reducing risk of sudden cardiac death is choosing the pa-
tients would benefit from an ICD. The latest European
Guidelines [1¢] recommend using the HCM risk-SCD calcu-
lator to evaluate arrhythmic risk and include recommended cut
of values for annual risk of SCD that should warrant ICD
implantation. The predictor variables used in the model are
all associated with an increased risk of SCD in at least one
published multivariable analysis. Sex differences are not in-
cluded in risk stratification.

Conclusions

There are important gender differences in all the channelopa-
thies and cardiomyopathies we have discussed in this review.
Mechanistic explanations are sparse, but in channelopathies,
hormonal effects are thought to be important. In LQTS, there
are genotype-specific differences which are important to be
aware of in patient management. Young boys with LQT1 have
higher risk of ventricular arrhythmias and fatal events com-
pared with girls carrying the same mutation, but this risk ratio
changes in puberty. In LQT2, the lifespan risk of arrhythmias
is higher in females compared with males, with the post-
partum period being the most susceptible period. With the
exception of LQTS, male patients with inheritable channelop-
athies and cardiomyopathies are more likely to have penetrant
disease and experience arrhythmic events: In the Brugada
syndrome, male patients are more frequently symptomatic
and have higher event rates. Also, in AC, cardiac penetrance
is reported to be threefold higher in men compared with wom-
en, and some studies report male sex as a risk factor for ven-
tricular arrhythmias. Similarly, in HCM, disease penetrance is
higher in male patients, and consequently, women are more
frequently asymptomatic mutation carriers. Importantly, the
risk of ventricular arrhythmias in women with penetrant

HCM is at least equal to the risk in men, and therefore gender
should not be included in arrhythmic risk stratification in
symptomatic HCM patients. In inheritable channelopathies
and cardiomyopathies, treatment strategies are mostly similar
in men and women, with the notable exception of women with
LQT?2, but even so, the differences between the sexes are
important to be aware of in patient management.
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