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Purpose of review
Hypertrophic cardiomyopathy (HCM) is the most common genetic cardiomyopathy, diagnosed by left
ventricular hypertrophy of at least 15 mm maximal wall thickness (MWT). Recent studies reported a sex
difference in clinical presentation, progression and outcome of HCM. This review provides an overview of
recent studies into sex differences in HCM.
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Recent findings
A higher number of men (55–65% of total HCM patient group) with manifest HCM has been observed,
whereas female patients are older at first evaluation and diagnosis, present more frequently with symptoms,
and have worse survival. Additionally, females have relatively smaller hearts even when corrected for body
surface area (BSA), but female HCM patients have a higher interventricular septum thickness after
correction for BSA.
Summary
Female HCM patients are possibly in a more advanced stage of disease at time of diagnosis because they
require relatively more hypertrophy to reach the diagnostic threshold of at least 15 mm MWT. Additional
studies are warranted to explore sex-specific diagnostic criteria for HCM.
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INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is a genetic
heart disease, which is diagnosed by left ventricular
(LV) hypertrophy in the absence of loading conditions, such as aortic valve stenosis or hypertension
[1,2]. The diagnostic criterion for HCM diagnosis is a
maximal wall thickness (MWT) at least 15 mm
(13 mm in first-degree relatives) assessed by cardiac
imaging. The prevalence of HCM is estimated to
range between 1 : 500 and 1 : 200, which makes it
the most common genetic cardiomyopathy [3]. Over
1400 different mutations (mostly missense mutations) have been identified in 11 genes encoding
for various components of the sarcomere, such as
the thick and thin filaments and the Z-disc [4–9]. The
most commonly mutated genes are b-myosin heavy
chain (MYH7) and myosin-binding protein C
(MYBPC3), accounting for 70% of the mutations that
cause HCM [4]. However, HCM mutations are incompletely penetrant as the genotype does not accurately
predict severity of the disease. There is a large phenotypic heterogeneity in people who carry HCM-associated mutations; the clinical course of HCM includes

normal life expectancy without or with mild symptoms, sudden cardiac death (SCD), atrial arrhythmias
and progressive heart failure. Additionally, family
members with the same mutation do not necessarily
have the same symptoms or disease progression, and
age of disease onset varies significantly [5,10]. Contributing to the phenotypic heterogeneity of HCM is
a sex difference in clinical presentation, progression
and outcome of the disease. Compared with other
cardiac conditions, the description of sex differences
in HCM is still in an early stage. This review provides
an overview of recent studies on sex differences in
HCM, which are schematically illustrated in Fig. 1.
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KEY POINTS
 Numerous studies have observed a male predominance
in HCM patients, whereas female HCM patients are
older at first evaluation and diagnosis, and present
more frequently with symptoms.
 Female HCM patients have lower 5-year and 10-year
survival estimates than male HCM patients.
 HCM mutation carriers with a smaller heart (mostly
women) requires relatively more hypertrophy to reach
the diagnostic criterion of MWT at least 15 mm.
 Females could be in a more advanced stage of disease
at the time of HCM diagnosis. Additional studies are
warranted to investigate the need for sex-specific
diagnostic HCM criteria.

CLINICAL PRESENTATION, DIAGNOSIS,
TREATMENT AND PROGNOSIS
Clinicians may suspect HCM when a patient present
with cardiac-related symptoms like dyspnea, chest
pain, palpitations and syncope, or asymptomatic
signs like a heart murmur or an abnormal electrocardiogram (ECG), especially when found during screening of first-degree relatives. Noninvasive cardiac
imaging [echocardiography and/or cardiac magnetic
resonance (CMR)] leads to the diagnosis of HCM
when a MWT of at least 15 mm is measured. Genetic
screening is recommended to confirm the diagnosis
when patients exhibit signs and symptoms of disease
suggestive of specific causes of HCM, and when it
enables cascade genetic screening of family members
[1]. When an HCM mutation is identified in the
patient and certain family members, these family
members will undergo regular screening with ECG
and echocardiography to monitor presence or

FIGURE 1. Schematic overview of reported sex-differences in hypertrophic cardiomyopathy. Point 4 adapted from [22 ].
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progression of disease [11]. Presentation of HCM,
either by symptoms or through screening of the
mutation carriers, differs between sexes. A higher
number of men (55–65% of total HCM patient group)
with manifest HCM has been observed in several large
patient cohorts [12–17], whereas female patients are
older at first evaluation and diagnosis, and present
more frequently with symptoms [15,18 ,19 ] (Fig. 1).
It remains to be determined whether the sex-related
age-difference in diagnosis is caused by inadequate
clinical recognition in females, slower disease progression because of protective sex hormones [20,21],
or a lack of sex-specific diagnostic criteria. Female
HCM patients are more likely to exhibit left-ventricular outflow tract obstruction (LVOTO) at rest and
have higher gradients both at rest and during
&&

&
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provocation [18 ,19 ]. At time of LV septal reduction
therapy to reduce LVOTO gradients, females are on
average 4–7 years older [18 ,22 ]. A survival analysis
in 3569 HCM patients found that females have worse
survival; female 5-year and 10-year survival estimates
were significantly lower than survival estimates in
men, even when corrected for age [18 ]. Lower female
survival rates were not found in other studies
[15,19 ,23], which can be explained by the fact that
these studies had smaller cohorts with a relatively
healthier patient population [18 ].
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CARDIAC FUNCTION
The clinical course of HCM is characterized by subtle
asymptomatic impairments in diastolic function in

FIGURE 2. Sex-differences in cardiac dimensions of hypertrophic cardiomyopathy mutation carriers assessed by cardiac
magnetic resonance imaging. Individuals with MYH7 and MYBPC3 mutations are indicated with black and gray symbols,
respectively. Females have a lower end-diastolic volume (EDV; a), end-systolic volume (ESV; b) and LV mass (c), after correction
for body surface area (BSA). P < 0.05; P < 0.005. CMR, cardiac magnetic resonance; HCM, hypertrophic cardiomyopathy.
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mutation carriers [24,25], which in some people
progresses into diastolic dysfunction with normal
or supernormal systolic function [LV ejection fraction (LVEF) >65%]. As the disease progresses, diastolic function decreases further accompanied by a
decline in systolic function back to normal or
reduced LVEF [11]. Female HCM patients showed
more severe diastolic dysfunction than male
patients evident from higher E/e0 and E/A ratios,
which are indicators for LV filling pressure
[18 ,22 ]. In addition, a higher degree of systolic
impairment was found in female compared with
male HCM patients in a recent study [19 ]. These
sex differences in cardiac function are in line with
reports of decreased exercise capacity and higher
NYHA classifications in female compared with male
HCM patients [15,18 ,26].
&&

&
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CARDIAC DIMENSIONS
Cardiac remodeling in HCM is characterized by asymmetric thickening of the LV wall, which most frequently affects the interventricular septum (IVS).
IVS thickness may increase during progression of
the disease, with a diagnostic criterion of MWT at least
15 mm and at least 13 mm for first-degree relatives of
HCM patients. Our CMR studies of LV dimensions
show sex differences in asymptomatic mutation carriers. Recurrent CMR scans were performed in 29 HCM
mutation carriers (16 MYBPC3, 13 MYH7 mutations)
to measure LV end-diastolic volume (EDV), LV endsystolic volume (ESV) and LV mass. Data analysis was
performed by a mixed model analysis with correction
for repeated measures. After correction for body surface area (BSA), female mutation carriers on average
have a 10.4 ml/m2 smaller EDV (P ¼ 0.01; Fig. 2a), a
6.2 ml/m2 smaller ESV (P ¼ 0.007; Fig. 2b) and a 9.6 g/
m2 lower LV mass (P < 0.001; Fig. 2c) than men. This
analysis shows thatthe female heart is smaller than the
male heart when normalized to BSA. These findings
are inlinewith earlier studies thatused CMR toanalyze
cardiac dimensions of healthy people, and found that
the female heart is significantly smaller after correction for BSA or height [27–31]. Echocardiography
performed in 51 manifest HCM patients (40 MYBPC3,
11 MYH7 mutations) at the time of cardiac surgery
showed that female patients have a significantly
higher IVS after correction for BSA (Fig. 3). These
cardiac imaging studies indicate that HCM mutation
carriers with a smaller heart (mostly women) require
relatively more hypertrophy to reach the diagnostic
criterion of MWT at least 15 mm (Fig. 4). As this
diagnostic criterion does not account for the relatively
smaller female hearts, female patients could be in a
more advanced stage of disease at time of diagnosis,
causing a delay in treatment.
4
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FIGURE 3. Analysis of echocardiographic analysis showed
a higher interventricular septum thickness (corrected for BSA)
in women than in men [22 ]. P < 0.005 (Reproduced with
permission from reference 22). BSA, body surface area; IVS,
interventricular septum.
&

CELLULAR AND MOLECULAR CHANGES
The most recent report of the working group of
myocardial function of the European Society of
Cardiology describes that inefficient sarcomere
contraction sets in motion a cascade of cellular
changes, which can ultimately lead to HCM [32].
Inefficient sarcomere contraction has been proposed to lead to cellular energy depletion, impairing calcium homeostasis and mitochondrial
function [32]. A study on myectomy samples of
HCM patients did not find a sex difference in
myofilament calcium sensitivity, but the expression of calcium-handling proteins was reduced in
female patients compared with men [22 ]. Additionally, this study found a higher degree of fibrosis in female myectomy samples and observed
more compliant titin isoform, which seems to
be related to increased diastolic dysfunction in
female patients as titin plays a role in regulating
stiffness of the cardiomyocytes [33]. Overall, the
latter study showed more advanced cardiac remodeling in female HCM patients compared with male
HCM patients at the time of cardiac surgery
(Fig. 1).
&

MECHANISMS BEHIND SEX DIFFERENCES
The mechanisms behind sex differences in HCM
are currently not well understood. Possible explanations are sought in female interaction with
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FIGURE 4. Schematic to illustrate that more cardiac hypertrophy is needed in female than in male hypertrophic
cardiomyopathy mutation carriers. In first degree relatives of HCM patients, the diagnostic criterion for hypertrophic
cardiomyopathy is a maximal wall thickness at least 13 mm. HCM, maximal wall thickness.

healthcare: a decreased awareness and suspicion of
disease, leading to under-recognition and delay in
diagnosis. Reports of sex differences in hypertrophic response, fibrosis and gene expression suggest
that physiological sex differences may also play a

&

role [22 ,34]. Studies in HCM animal models have
demonstrated cardioprotective effects of estrogen
and estrogen receptor-deficient mice show
increased cardiac remodeling by oxidative stress
[35,36].
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CONCLUSION
Females with HCM are older when they are diagnosed and treated. Additionally, women have a
higher degree of diastolic dysfunction, lower exercise capacity, are more symptomatic and have
worse survival. There is a possibility that female
HCM patients experience a delay in diagnosis and
treatment because of a lack of diagnostic criteria
that account for body size. Females have smaller
hearts even after correction for BSA, which could
mean they are in a more advanced stage of disease
at the time of HCM diagnosis as they require more
hypertrophy to reach the threshold of 15 mm
MWT (Fig. 4). Additional studies are warranted
to investigate the need for sex-specific diagnostic
HCM criteria.

AQ5

Acknowledgements
We would like to thankDiederik Kuster and Albert
van Rossum for their assistance with the study. We
would like to thank Miles Henderson for designing
Figs. 1 and 4.
Financial support and sponsorship
This work was supported by the Netherlands Heart
Foundation (CVON-Dosis 2011–40), and Netherlands
Organization for Sciences (NWO)-ZonMW (VICI
91818602).
Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest

AQ6

1. Authors/Task Force members. Elliott PM, Anastasakis A, et al. 2014 ESC
Guidelines on diagnosis and management of hypertrophic cardiomyopathy:
the Task Force for the Diagnosis and Management of Hypertrophic Cardiomyopathy of the European Society of Cardiology (ESC). Eur Heart J 2014;
35:2733–2779.
2. Nagueh SF, Bierig SM, Budoff MJ, et al. American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of
patients with hypertrophic cardiomyopathy: endorsed by the American Society of Nuclear Cardiology, Society for Cardiovascular Magnetic Resonance,
and Society of Cardiovascular Computed Tomography. J Am Soc Echocardiogr 2011; 24:473–498.
3. Baudhuin LM, Kotzer KE, Kluge ML, Maleszewski JJ. What is the true
prevalence of hypertrophic cardiomyopathy? J Am Coll Cardiol 2015;
66:1845–1846.
4. Ackerman MJ, VanDriest SL, Ommen SR, et al. Prevalence and age-dependence of malignant mutations in the beta-myosin heavy chain and troponin T
genes in hypertrophic cardiomyopathy: a comprehensive outpatient perspective. J Am Coll Cardiol 2002; 39:2042–2048.
5. Alcalai R, Seidman JG, Seidman CE. Genetic basis of hypertrophic cardiomyopathy: from bench to the clinics. J Cardiovasc Electrophysiol 2008;
19:104–110.
6. Landstrom AP, Ackerman MJ. Mutation type is not clinically useful in predicting prognosis in hypertrophic cardiomyopathy. Circulation 2010; 122:
2441–2449.

6

www.co-cardiology.com

7. Niimura H, Bachinski LL, Sangwatanaroj S, et al. Mutations in the gene for
cardiac myosin-binding protein C and late-onset familial hypertrophic cardiomyopathy. N Engl J Med 1998; 338:1248–1257.
8. Richard P, Charron P, Carrier L, et al. Hypertrophic cardiomyopathy: distribution of disease genes, spectrum of mutations, and implications for a
molecular diagnosis strategy. Circulation 2003; 107:2227–2232.
9. Van Driest SL, Ackerman MJ, Ommen SR, et al. Prevalence and severity of
‘benign’ mutations in the beta-myosin heavy chain, cardiac troponin T, and
alpha-tropomyosin genes in hypertrophic cardiomyopathy. Circulation 2002;
106:3085–3090.
10. Seidman JG, Seidman C. The genetic basis for cardiomyopathy: from
mutation identification to mechanistic paradigms. Cell 2001;
104:557–567.
11. Michels M, Olivotto I, Asselbergs FW, van der Velden J. Life-long tailoring of
management for patients with hypertrophic cardiomyopathy: Awareness
and decision-making in changing scenarios. Neth Heart J 2017;
25:186–199.
12. Autore C, Bernabo P, Barilla CS, et al. The prognostic importance of left
ventricular outflow obstruction in hypertrophic cardiomyopathy varies in
relation to the severity of symptoms. J Am Coll Cardiol 2005; 45:1076–1080.
13. Maron BJ, Casey SA, Poliac LC, et al. Clinical course of hypertrophic
cardiomyopathy in a regional United States cohort. JAMA 1999;
281:650–655.
14. Maron BJ, Olivotto I, Spirito P, et al. Epidemiology of hypertrophic cardiomyopathy-related death: revisited in a large nonreferral-based patient population.
Circulation 2000; 102:858–864.
15. Olivotto I, Maron MS, Adabag AS, et al. Gender-related differences in the
clinical presentation and outcome of hypertrophic cardiomyopathy. J Am Coll
Cardiol 2005; 46:480–487.
16. Husser D, Ueberham L, Jacob J, et al. Prevalence of clinically apparent
hypertrophic cardiomyopathy in Germany-an analysis of over 5 million patients. PLoS One 2018; 13:e0196612.
17. Pujades-Rodriguez M, Guttmann OP, Gonzalez-Izquierdo A, et al. Identifying
unmet clinical need in hypertrophic cardiomyopathy using national electronic
health records. PLoS One 2018; 13:e0191214.
18. Geske JB, Ong KC, Siontis KC, et al. Women with hypertrophic cardiomyo&&
pathy have worse survival. Eur Heart J 2017; 38:3434–3440.
This large cohort study demonstrates marked differences between female and
male HCM patients, especially worse survival in female HCM patients. The findings
of this study indicate that female HCM patients may require a more aggressive
treatment approach.
19. van Velzen HG, Schinkel AFL, Baart SJ, et al. Effect of gender and genetic
&
mutations on outcomes in patients with hypertrophic cardiomyopathy. Am J
Cardiol 2018; 122:1947–1954.
This study shows that applying a body surface area correction to echocardiographic parameters reveals a worse phenotype of female HCM patients.
20. Lind JM, Chiu C, Ingles J, et al. Sex hormone receptor gene variation
associated with phenotype in male hypertrophic cardiomyopathy patients. J
Mol Cell Cardiol 2008; 45:217–222.
21. Haines CD, Harvey PA, Luczak ED, et al. Estrogenic compounds are not
always cardioprotective and can be lethal in males with genetic heart disease.
Endocrinology 2012; 153:4470–4479.
22. Nijenkamp L, Bollen IAE, van Velzen HG, et al. Sex differences at the time of
&
myectomy in hypertrophic cardiomyopathy. Circ Heart Fail 2018;
11:e004133.
This study is the first to demonstrate that female HCM patients have a relatively
higher IVS thickness than men when IVS is corrected for BSA.
23. Dimitrow PP, Czarnecka D, Kawecka-Jaszcz K, Dubiel JS. Sex-based comparison of survival in referred patients with hypertrophic cardiomyopathy. Am J
Med 2004; 117:65–66.
24. Ho CY, Carlsen C, Thune JJ, et al. Echocardiographic strain imaging to assess
early and late consequences of sarcomere mutations in hypertrophic cardiomyopathy. Circ Cardiovasc Genet 2009; 2:314–321.
25. Michels M, Soliman OI, Kofflard MJ, et al. Diastolic abnormalities as the first
feature of hypertrophic cardiomyopathy in Dutch myosin-binding protein C
founder mutations. JACC Cardiovasc Imaging 2009; 2:58–64.
26. Critoph CH, Patel V, Mist B, Elliott PM. Cardiac output response and
peripheral oxygen extraction during exercise among symptomatic hypertrophic cardiomyopathy patients with and without left ventricular outflow tract
obstruction. Heart 2014; 100:639–646.
27. Alfakih K, Plein S, Thiele H, et al. Normal human left and right ventricular
dimensions for MRI as assessed by turbo gradient echo and steady-state
free precession imaging sequences. J Magn Reson Imaging 2003;
17:323–329.
28. Lorenz CH, Walker ES, Morgan VL, et al. Normal human right and left
ventricular mass, systolic function, and gender differences by cine magnetic
resonance imaging. J Cardiovasc Magn Reson 1999; 1:7–21.
29. Sandstede J, Lipke C, Beer M, et al. Age- and gender-specific differences in
left and right ventricular cardiac function and mass determined by cine
magnetic resonance imaging. Eur Radiol 2000; 10:438–442.
30. Marcus JT, DeWaal LK, Gotte MJ, et al. MRI-derived left ventricular function
parameters and mass in healthy young adults: relation with gender and body
size. Int J Card Imaging 1999; 15:411–419.

Volume 34  Number 00  Month 2019

CE: Tripti; HCO/340301; Total nos of Pages: 8;

HCO 340301

Sex differences in hypertrophic cardiomyopathy van Driel et al.
31. Salton CJ, Chuang ML, O’Donnell CJ, et al. Gender differences and normal
left ventricular anatomy in an adult population free of hypertension. A cardiovascular magnetic resonance study of the Framingham Heart Study Offspring cohort. J Am Coll Cardiol 2002; 39:1055–1060.
32. van der Velden J, Tocchetti CG, Varricchi G, et al. Metabolic changes in
hypertrophic cardiomyopathies: scientific update from the Working Group of
Myocardial Function of the European Society of Cardiology. Cardiovasc Res
2018; 114:1273–1280.
33. Opitz CA, Leake MC, Makarenko I, et al. Developmentally regulated switching
of titin size alters myofibrillar stiffness in the perinatal heart. Circ Res 2004;
94:967–975.

34. Maass AH, Ikeda K, Oberdorf-Maass S, et al. Hypertrophy, fibrosis,
and sudden cardiac death in response to pathological stimuli in mice
with mutations in cardiac troponin T. Circulation 2004; 110:
2102 – 2109.
35. Wang H, Sun X, Lin MS, et al. G protein-coupled estrogen receptor (GPER)
deficiency induces cardiac remodeling through oxidative stress. Transl Res
2018; 199:39–51.
36. Chen Y, Zhang Z, Hu F, et al. 17beta-estradiol prevents cardiac diastolic
dysfunction by stimulating mitochondrial function: a preclinical study in a
mouse model of a human hypertrophic cardiomyopathy mutation. J Steroid
Biochem Mol Biol 2015; 147:92–102.

0268-4705 Copyright ß 2019 Wolters Kluwer Health, Inc. All rights reserved.

www.co-cardiology.com

7

CE: Tripti; HCO/340301; Total nos of Pages: 8;

HCO 340301

HCO
Manuscript No. HCO340301

Current Opinion in Cardiology
Typeset by Thomson Digital
for Wolters Kluwer

Dear Author,
During the preparation of your manuscript for typesetting, some queries have arisen. These are listed
below. Please check your typeset proof carefully and mark any corrections in the margin as neatly as
possible or compile them as a separate list. This form should then be returned with your marked proof/list
of corrections to the Production Editor.

QUERIES: to be answered by AUTHOR/EDITOR?
QUERY NO.

<AQ1>
<AQ2>
<AQ3>
<AQ4>

<AQ5>
<AQ6>

QUERY DETAILS

Please confirm whether surnames/family
names (red) have been identified
correctly in the author byline.
Affiliations have been set as per style.
Please check for appropriateness.
Please check and confirm the
corresponding author’s name and
relevant details for correctness.
As per the journal style, the term
‘females’ is not allowed and is to be
substituted with girls/women,
appropriately. Please consider revising
the term.
Please check the ‘Acknowledgements’
section for correctness.
References have been updated using
PubMed. Please check.

RESPONSE

