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cardiomyopathy

Guyue Liu, Li Su and Mingjian Lang*

Department of Cardiology, Chengdu Fifth People’s Hospital, Chengdu, China

Background: Hypertrophic cardiomyopathy (HCM) is recognized as the most
prevalent form of genetic cardiomyopathy, and recent investigations have shed
light on the existence of sex disparities in terms of clinical presentation, disease
progression, and outcomes.

Objectives: This study aimed to systematically review the literature and perform a
meta-analysis to comprehensively compare the clinical outcomes between female
and male patients with HCM.

Methods: A thorough search was conducted in databases including PubMed,
Embase, Cochrane Library, and Web of Science, encompassing literature from
inception until June 2023. The primary endpoints examined were: (1) all-cause
mortality; (2) an arrhythmic endpoint comprising sudden cardiac death (SCD),
sustained ventricular tachycardia, ventricular fibrillation, or aborted SCD; and (3)
a composite endpoint incorporating either (1) or (2), in addition to
hospitalization for heart failure or cardiac transplantation. Pooled estimates were
derived using a random-effects meta-analysis model.

Results: The analysis encompassed a total of 29 observational studies, involving
44,677 patients diagnosed with HCM, of which 16,807 were female. Baseline
characteristics revealed that the female group exhibited an advanced age
[55.66 + 0.04 years vs. 50.38 + 0.03 years, pooled mean difference (MD)=0.31,
95% Cl: 0.22-0.40, p=0.000, [?=88.89%], a higher proportion of New York
Heart Association class lll/IV patients [pooled odds ratio (OR) =194, 95% ClI:
1.55-2.43, p=0.000, [?=8592%], and a greater prevalence of left ventricular
outflow tract gradient greater than or equal to 30 mmHg (pooled OR =1.48, 95%
Cl: 1.27-1.73, p=0.000, /= 68.88%) compared to the male group. The female
group were more likely to have a positive genetic test (pooled OR =1.27, 95% ClI:
1.08-1.48, p=0.000, I?=42.74%) and to carry the myosin heavy chain beta 7
mutation (pooled OR =1.26, 95% Cl: 1.04-1.54, p = 0.020, /¥ = 0.00%) compared
to the male group. Female sex exhibited a significant association with increased
risks of all-cause mortality (pooled OR =1.62, 95% Cl: 1.38-1.89, p = 0.000, /% =
72.78%) and the composite endpoint (pooled OR =147, 95% CI: 1.20-1.79, p =
0.000, #=8496%), while no substantial difference was observed in the
arrhythmic endpoint (pooled OR = 1.08, 95% Cl: 0.87-1.34, p = 0.490, /¥ = 55.48%).
Conclusions: The present findings suggest that female patients with HCM tend to
experience poorer clinical outcomes. It is imperative to critically reevaluate
disease definitions and enhance awareness to mitigate delays in the diagnosis and
treatment of HCM in women, thereby fostering equitable healthcare practices.

Systematic Review Registration: https://www.crd.york.ac.uk/, PROSPERO
(CRD42023431881).
KEYWORDS

hypertrophic cardiomyopathy, meta-analysis, clinical outcome, sex differences, female, male

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1252266&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1252266
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full
https://www.crd.york.ac.uk/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1252266
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Liu et al.

10.3389/fcvm.2023.1252266

- P -

Population. Intervention.
HCM patients None
Sex Differences in Female

L. 16,807 females
Clinical Outcomes of

Number of patients:

HCM: A systematic
Review and Meta-

Analysis

~ o~

Conclusion:
Female sex exhibited a

significant association
with increased risks of
all-cause mortality and

the composite endpoint.

GRAPHICAL ABSTRACT

Age (years): 55.66 + 0.04

. presenting with a positive genetic test £+

. carrying the MYH7 mutation {*

- C - 0

Comparison. Outcomes.

Sex All-cause mortality
Arrhythmic endpoint
Composite endpoint

Male
27,870 males
Age (years): 50.38 + 0.03
Number of patients:
. with NYHA > Il &
. with LVOTG 2 30mmHg

\ 4

Female VS. Male

Results:

1. The arrhythmic endpoint: pooled OR = 1.08, 95%Cl: 0.87-1.34
2. All-cause mortality: pooled OR = 1.62, 95% CI: 1.38-1.89
3. The composite endpoint: pooled OR =1.47,95% CI: 1.20-1.79

1. Introduction

Hypertrophic cardiomyopathy (HCM) is primarily caused by
genetic variants affecting sarcomere proteins and inherited in an
autosomal dominant manner (1). As a result, the prevalence of
HCM in the general population is expected to be similar between
the sexes (1). Nevertheless, recent investigations have revealed
notable sex disparities in the clinical manifestation, progression, and
prognosis of HCM. Specifically, females tend to receive a diagnosis
at an older age (>65 years) and exhibit a higher burden of
symptoms (2). Furthermore, they demonstrate a greater prevalence
of family history associated with HCM (2). Additionally, females
present a heightened frequency of left ventricular outflow
obstruction (2). In terms of treatment, women with hypertrophic
obstructive cardiomyopathy (HOCM) are less likely to be
prescribed beta blockers, angiotensin-converting enzyme inhibitors,
or anticoagulants, and have lower rates of implantable cardioverter-
defibrillator (ICD) utilization (3). Furthermore, women face an
increased risk of heart failure and mortality (3). While Josef Veselka
et al. reported a comparable 10-year freedom from all-cause
mortality between women and men (76% vs. 80%) following
alcohol septal ablation in HOCM (4). Given the divergent results
among these studies, this systematic review and meta-analysis was
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conducted to comprehensively compare the clinical outcomes
between females and males in patients diagnosed with HCM.

2. Methods
2.1. Search strategy

A comprehensive systematic literature review was performed in
June 2023, utilizing prominent databases including PubMed, Embase,
Cochrane Library, and Web of Science. The search strategy employed
a combination of relevant medical subject headings and keywords to
identify pertinent articles. PubMed search was conducted with terms
like  “Cardiomyopathy, “Cardiomyopathies,
Hypertrophic,” “Hypertrophic Cardiomyopathies,” “Hypertrophic

Hypertrophic,”

Cardiomyopathy,” “Cardiomyopathy, Hypertrophic Obstructive,”

“Cardiomyopathies, Hypertrophic =~ Obstructive,” “Hypertrophic

Obstructive  Cardiomyopathies,” ~ “Hypertrophic ~ Obstructive

Cardiomyopathy,” “Obstructive Cardiomyopathies, Hypertrophic,”
“Obstructive Cardiomyopathy, Hypertrophic,” “Familial hypertrophic
cardiomyopathy,” “HCM,” or “HOCM,” in association with “Sex,”
“Gender,” “Woman,” “Women,” “Man,” “Men,” “Female,” “Male,”

“Females,” or “Males.” The same search terms were suitably adapted
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for each respective database (see Supplementary Table S1 for detailed
information). Furthermore, an additional manual search of the
reference lists of selected studies and relevant meta-analyses was
conducted to identify any potentially eligible studies that may have
been missed. To ensure a rigorous and unbiased selection process,
two authors (G. L. and L. S.) independently evaluated the retrieved
articles for inclusion. In cases where discrepancies arose, a
consensus was reached through discussion involving all authors.

2.2. Inclusion criteria

The eligibility criteria encompassed the following aspects: (1) Only
studies adhering to well-established research designs were considered for
inclusion, including cohort studies (prospective or retrospective), case-
control studies, experimental studies, or randomized controlled trials.
Specifically, the focus of these studies was on hypertrophic
cardiomyopathy (HCM) patients, with a primary objective of
comparing clinical outcomes between females and males. To maintain
methodological robustness, case series, case reports, dissertations, and
conference proceedings were excluded from consideration within this
review. (2) Syndromic forms of HCM and systemic diseases capable
of producing the observed magnitude of hypertrophy (such as
aortic stenosis, uncontrolled arterial hypertension) were excluded
from the analysis. (3) There were no restrictions on sample size. (4)
Only full articles written in English were taken into account.

2.3. Data extraction and quality assessment
tool

Data extraction from the included studies was performed
independently by two authors (G.L. and L.S.). In case of any
discrepancies, a consensus was reached through discussion
involving a third author (M.L.). The extraction process involved
obtaining relevant information pertaining to both continuous
and dichotomous variables from each cohort. For continuous
variables, including means or medians, the corresponding values
were extracted. Similarly, for dichotomous variables, absolute
numbers or percentages were recorded for each cohort. In
instances where the studies did not directly provide continuous
or dichotomous variables, effect sizes were extracted.

The quality assessment of the included observational studies
was conducted using the Newcastle-Ottawa Scale (NOS), a widely
accepted tool for appraising the methodological quality of non-
randomized studies. The NOS employs a star system ranging
from 0 to 9, with higher scores indicating superior study quality.
Each study was rigorously evaluated across three key domains:
the selection of study groups, the comparability of these groups,
and the ascertainment of outcomes.

2.4. Baseline characteristics and outcome
measures

Baseline characteristics of interest in the patient cohort
encompassed several key factors, including age, history of
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syncope, history of hypertension, family history of sudden
cardiac death (SCD), family history of HCM, invasive procedures
during the course of HCM (septal reduction therapy or use of
ICDs), New York Heart Association (NYHA) class III/IV,
presence of non-sustained ventricular tachycardia (NSVT), atrial
fibrillation (AF), the number of patients with left ventricular
outflow tract gradient (LVOTG) greater than or equal to
30 mmHg, maximal wall thickness (MWT), left ventricular
ejection fraction (LVEF),left atrial diameter (LAD), the number
of patients with positive genetic tests (genes involved include
myosin-binding protein C (MYBPC3), myosin heavy chain beta
7 (MYH?7), essential and regulatory myosin light chains (MYL2,
MYL3), cardiac troponin T (TNNT2), cardiac troponin I
(TNNI3), a-tropomyosin (TPMI1) and cardiac actin (ACTC)),
number of patients carrying the MYBPC3 and MYH7 mutations.

The prespecified study endpoints consisted of three primary
outcomes: (1) all-cause mortality; (2) an arrhythmic endpoint
encompassing SCD, sustained ventricular tachycardia (SVT),
sustained ventricular fibrillation (SVF), or aborted SCD, which
included instances of successful resuscitation following cardiac
arrest and appropriate ICD shocks, and (3) a composite endpoint
comprising either endpoint (1) or (2), along with hospitalization
for heart failure (HF) or cardiac transplantation. SCD was strictly
defined as an unexpected and instantaneous fatality, while
aborted SCD referred to cases in which successful resuscitation
occurred following cardiac arrest.

To address the existing heterogeneity across the included
studies, a predefined meta-regression analysis and subgroup
analysis were conducted. These analyses focused on crucial
variables, including mean age (<50 years old or >50 years old),
follow-up time (<3 years or >3 years), sample size (<1,000 or
>1,000), postoperative patients (yes or no), data matching (yes or
no), and the type of estimated effect size (odds ratio, relative
risk, or hazard ratio).

2.5. Meta-analysis

The study design and findings were reported in accordance
with the guidelines outlined in the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) 2020 checKklist,
ensuring the comprehensive and transparent reporting of the
research process (see Supplementary Table S2 for detailed
information).

17.0
(StataCorp, College Station, Texas). Random-effects models were

Meta-analysis was conducted using Stata version

employed to estimate pooled effect sizes, and the resulting
outcomes were presented as odds ratios (ORs) and mean
differences (MDs), providing a robust measure of the collective
findings.

To assess the presence of heterogeneity among the included
studies, statistical measures including the I-squared (1) statistic
and Cochrane Q-statistic were utilized. Heterogeneity was
considered significant if the I° value exceeded 50% or if the p-
value associated with the Q-statistic was less than 0.1. In order to
explore potential sources of heterogeneity, both meta-regression
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analysis and subgroup analysis were performed, considering
relevant variables that could contribute to the observed
heterogeneity.

The robustness of the results was evaluated through sensitivity
analysis, whereby each study was sequentially excluded to assess its
influence on the overall outcomes. A consistent pattern of results
would indicate the reliability of the findings.

Statistical significance was defined as a p-value less than 0.05,
indicating a meaningful effect or association. These rigorous
analytical approaches and assessments were implemented to ensure
the validity, reliability, and robustness of the study’s findings,
thereby enhancing the credibility of the research outcomes.

3. Results
3.1. Literature search

The flowchart depicting the selection process of the meta-
analysis is presented in Figure 1. A systematic search of relevant

10.3389/fcvm.2023.1252266

databases yielded an initial total of 5,713 records. After removing
duplicates, non-English articles, and studies that did not meet the
predetermined inclusion and exclusion criteria (e.g., reviews, case
reports, editorials, opinion letters, dissertations, conference
proceedings, and original articles that did not align with the
research objectives), 56 articles were subjected to a thorough
evaluation. Following this screening process, one article could not
be accessed in its entirety, one article lacked the necessary
follow-up data, and twenty-five articles did not report the specific
outcomes of interest. Ultimately, a total of twenty-nine
retrospective  cohort studies were considered eligible for
quantitative analysis (5-33).

3.2. Study characteristics and quality
assessment tool

Table 1 presents a comprehensive overview of the included
studies, providing valuable insights into potential biases that may
influence our interpretations. In this meta-analysis, we included a

[ Identification of new studies via databases and registers ]

Records identified from:
s PubMed (n=111)
S EMBASE (n=1811)
§ Cochrane Library (n=294)
T

Web of Science (n=3497)

Records removed before
screening:
Duplicate records removed
(n=124)
Records marked as ineligible

by automation tools (h=1977)

— !

Records screened
(n=3612)

Records excluded
(n=3497)

\ 4

Reports sought for retrieval

o Reports not retrieved
= (n=115) (n=59)
@
©
%)
: :
Reports excluded:
Reports assessed for eligibility eports exclude
(n=56) not report outcomes of
interest (n=25)
not be found in full (n=1)
no follow-up data (n=1)
R
Total studies included in review
° (n=29)
S Reports of total included studies
©
£ (n=0)
A
FIGURE 1
Flow chart of studies selection process
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TABLE 1 Baseline characteristics of the included studies.

First author

Country/
study period

Inclusion
criteria®

Female/male

n

Age, years
Mean
(SD)/IQR

Matching

Characteristic differences
between study groups

Follow-
up time,
years

10.3389/fcvm.2023.1252266

Outcomes
reported:
(1), (2), (3)

Ghiselli et al. (5) | Italy 2004-2016 | Yes 65/177 | 51 (16)/44 (17) - Higher age, less HOCM in women 59+42 (1), (2), (3)
Ho et al. (6) China 1973-2001 | Yes 56/62 | 56 (14)/52 (13) - Two well matched cohorts 58+4.3 (1)
Huang et al. (7) | China 2008-2016 | Yes 260/ 57.2 (16.7)/ - Higher age, NYHA class, and 32+23 (1), 3)
316 53.0 (15.7) LVOTG at rest, more moderate-
severe MR in women
Huurman et al. | Netherlands Yes 63/99 | 57 (15)/49 (14) - Higher age and LVOTG at rest or 5.9 (IQR (1), (2), (3)
(8) 2000-2019 provocation in women 3.0-9.1)
Javidgonbadi Sweden Yes 83/83 | 56 (26)/56 (25) | Age Higher NYHA class and indexed 18.1+9.4 (1), (2)
et al. (9) 2002-2013 IVS in women
Kim et al. (10) Korea 2010-2016 | Not mentioned 1,269/ 51.2 (10.4)/ - Higher age in women 4.4 (IQR (1), 3)
4,299 50.4 (9.5) 2.2-9.9)
Lakdawala et al. | USA Yes 2,226/ 49.0 (IQR - Higher age, NYHA class, indexed 7.7 (IQR (1), (2)
(11) 3,647 36.8-65.3)/ wall thickness, EF, and LVOTG at | 3.1-15.4)
429 rest in women
(IQR32.4-
58.6)
Lawin et al. (12) | Germany Yes 645/ 66.0 - Higher age and indexed IVS 6 months (1), (2)
2002-2020 722 (IQR55.0- diameter in women
74.0)/54.0
(IQR45.0-
62.0)
Lee et al. (13) Korea 2007-2019 | Yes 223/ 59.9 +13.5/ - Higher age and indexed LV wall 6.4 (IQR4.1- | (1), (2), (3)
612 549+11.4 thickness in women 9.2)
Lu et al. (14) USA 2015-2016 | Yes 200/ 55+14/55+ | Age Higher EF and LVOTG at rest in | 2.1 (IQR0.9- | (1), (2), (3)
200 14 women 4.9)
Meghiji et al. (15) | USA 1961-2016 | Not mentioned 1,127/ 59.5 - Higher age, NYHA class, LVOTG | 8.2 (IQR3.1- (1), (2)
1,379 (IQR46.6— at rest or provocation and EF, 13.2)
68.2)/52.9 lower indexed LV mass, more
(42.9-62.7) moderate or severe MR in women
Montenegro et al. | Portugal Yes 429/ 56 +16/51 £ - Higher age and heart failure, more 65+75 (1), (2)
(16) 1975-2015 613 15 moderate or severe MR in women months
Olivotto et al. Italy and USA HCM, LV wall 393/ 51+22/42 + - Higher age, NYHA class, and 6.2+6.1 (1), (2)
(17) thickness >13 mm; 576 18 LVOTG, lower LV wall thickness
HOCM, resting in women
LVOTG >30 mmHg
Osman et al. (18) | USA 2015-2018 | Not mentioned 1,170/ | 61 (IQR52- | Propensity Two well matched cohorts 30 days (1)
1,127 70)/60 score-
(IQR51-68) | matched
Rowin et al. (19) | USA 2001-2016 | HCM, LV wall 794/ 50+19/44 + - Higher age, NYHA class, and EF, | 3.9 (IQR2.0- (1), (2)
thickness >13 mm 1,329 16 lower LV wall thickness, and 6.9)
LVOTG at rest or provocation in
women
Terauchi et al. Japan Yes 23/27 | 50+19/45+ - Higher NYHA class in women 13+8 (1), (2), (3)
(20) 14
VanVelzen et al. | Netherlands Yes 387/ 56 +16/49 + - Higher age and indexed LV wall 6.8 (IQR3.2- | (1), (2), 3)
1) 1977-2017 620 15 thickness, more HOCM, lower LV 10.9)
systolic and diastolic function in
women
Wang et al. (22) | China 1999-2011 | Yes 161/ 49.6 +17.2/ - Higher age, more HOCM, higher | 4.0 (IQR2- (1), (2)
460 46.714.4+ NYHA class in women 7)
Wang et al. (23) | China Yes 162/ 50.7 + 6.8/ - Higher NYHA class in women 7.2+39/ (1), (2)
158 52.6+7.3 79+47
Geske et al. (33) | USA1975-2012 Yes 1,661/ | 59+16/52+ - Higher age, NYHA class, and EF, 10.9 (1)
2,012 15 more HOCM, lower LV wall (IQR7.4-
thickness in women 16.2)
Hutt et al. (24) | USA 2002-2018 | Yes 995/ 55413 - - 54 (IQR28- | (1), (2), (3)
1,124 9.2)
Jang et al. (25) Korea 2012-2017 | Not mentioned 61/141 | 70+£12/59 £ - Higher age and NYHA class in 34 (1), (3)
14 women (IQR16.1-
56.8)
months
(Continued)
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TABLE 1 Continued

First author

Country/
study period

Inclusion
criteria®

Female/male

n

Age, years
Mean
(SD)/IQR

10.3389/fcvm.2023.1252266

Follow-
up time,
years

Characteristic differences
between study groups

Matching

Outcomes
reported:
(1), 2), 3)

Lee et al. (26) China 1990-2005 | Yes 78/85 64.8+11.3/ - Higher age, more HOCM in 54+4.1 (1)
57.2+129 women
Woo et al. (27) Canada Yes 135/ 47+ 14 - - 7.7+5.7 (1)
1978-2002 203
Ho et al. (28) USA 1960-2016 | HCM, LV wall 1,699/ | 45.8(IQR30.9- - - 2.9 (IQRO.3- )
thickness >13 mm 2,892 58.1) 7.9)
Ball et al. (29) Canada HCM, LV wall 284/ 51+16 - - 72%55 (1)
1986-2007 thickness >13 mm 365
Lorenzini et al. United Kingdom | Yes 1,767/ 529+17.1/ - Higher age, NYHA class, and EF, | 6.2 (IQR3.1- | (1), (2), (3)
(30) 1980-2013 3,126 47.1+15.6 more HOCM in women 9.8)
Kubo et al. (31) | Japan 2004-2013 | Yes 196/ 63+14 - - 6.1+3.2 (1), (2), (3)
197
Choi et al. (32) Korea 2007-2017 | Yes 179/ 57.1+14.3 - - 4,288 )
551 person-years

HOCM, obstructive hypertrophic cardiomyopathy; HCM, hypertrophic cardiomyopathy; NYHA, New York Heart Association; EF, ejection fraction; LVOTG, left ventricular
outflow tract gradient; IVS, interventricular septum; MR, mitral regurgitation; HF, heart failure; AF, atrial fibrillation; SVT/SVF, sustained ventricular tachycardia/fibrillation;
SCD, sudden cardiac death; SM, septal myectomy; ASA, alcohol septal ablation; LV, left ventricular; IQR, inter-quartile range; SD, standard deviation; USA, the United States

of America.

2Inclusion criteria: HCM, IVS >15 mm; HOCM, resting LVOTG >30 mmHg or >50 mmHg with provocation. Outcomes reported: (1) all-cause mortality; (2) an arrhythmic
endpoint encompassing SCD, SVT, SVF, or aborted SCD, which included instances of successful resuscitation following cardiac arrest and appropriate implantable
cardioverter-defibrillator shocks, and (3) a composite endpoint comprising either endpoint (1) or (2), along with hospitalization for heart failure or cardiac

transplantation.

total of 29 observational studies conducted between 2004 and 2022.
The analysis encompassed a large sample size of 44,677 patients
diagnosed with HCM, with 16,807 females and 27,870 males.
The studies varied in terms of participant enrollment, ranging
from the largest study with 5,873 participants to the smallest
study with 50 participants. The mean age of the patients ranged
from 44.9 to 63.0 years, and the follow-up duration ranged from
30 days to 18.1 years.

The NOS assessment revealed that all 29 studies were of good
quality, with no quality (see
Supplementary Table S3 for detailed information).

studies classified as poor

3.3. Meta-analysis results

3.3.1. Comparison estimates of baseline
characteristics

Table 2 presents a comprehensive depiction of the baseline
characteristics of each study, while Table 3 provides the estimated
effect sizes between the female and male groups. The female group
exhibited a higher mean age [55.66+0.04 years vs. 50.38 +0.03
years, pooled mean difference (MD) =0.31, 95% CI: 0.22-0.40, p =
0.000, I’=88.89%], a higher proportion of New York Heart
Association class III/IV patients [pooled odds ratio (OR)=1.94,
95% CI: 1.55-2.43, p =0.000, P= 85.92%] and a higher prevalence
of LVOTG greater than or equal to 30 mmHg (pooled OR =1.48,
95% CL: 1.27-1.73, p=0.000, P =68.88%), compared to the male
group. The female group were more likely to have a positive
genetic test (pooled OR=1.27, 95% CI: 1.08-1.48, p=0.000, I’ =
42.74%) and to carry the MYH7 (pooled OR =1.26, 95% CI: 1.04-
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1.54, p=0.020, P=0.00%) than male group, but there was no
significant difference between the two groups for the MYBPC3
(pooled OR=0.99, 95% CI: 0.58-1.71, p =10.980, F=72.96%). In
terms of LVEF, the female group demonstrated a slightly higher
value compared to the male group (66.69+0.03% vs. 65.38 +
0.02%), with a pooled MD of 0.08 (95% CI: 0.01-0.15, P=
77.15%) than the male group, albeit with a p-value approaching
significance (p=0.036). Conversely, the female group exhibited
lower MWT (18.49 +0.01 mm vs. 19.11 + 0.01 mm, pooled MD =
—-0.11, 95% CI: —0.15 to —0.08, p=0.000, F=13.6%) and lower
LAD (41.81 £0.02 mm vs. 43.54+0.01 mm, pooled MD =—0.14,
95% CI: —0.23 to —0.06, p = 0.000, F=79.39%), compared to the
male group. More women with history of hypertension (pooled
OR=127, 95% CI: 1.19-1.37, p=0.000, F=2122%) and
septal reduction therapy (pooled OR=1.52, 95% CI: 1.27-1.81,
p=0.000, I =47.80%).
differences were observed between the female and male groups in
terms of history of syncope (pooled OR=1.08, 95% CI: 0.94-1.25,
p=0.290, P=59.06%), NSVT (pooled OR=1.04, 95% CI: 0.70-
1.54, p=0.845, 12=91.54%), use of ICDs (pooled OR =0.93, 95%
CL 0.76-1.14, p=0.490, I* =61.48%), and AF (pooled OR=1.14,
95% CI: 0.99-1.32, p=0.080, 12:54.37%). There was also no
difference between the two groups in terms of family history of
SCD (pooled OR =1.00, 95% CI: 0.72-1.40, p =0.975, F=9291%)
or family history of HCM (pooled OR =0.99, 95% CI: 0.76-1.28,
p=0.908, I’ = 88.35%).

However, no statistically significant

3.3.2. Comparison estimates of clinical outcomes
Table 4 presents a comprehensive overview of the clinical
outcomes observed in each study. The primary focus of the
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TABLE 3 Pooled effect estimates of baseline characteristics.

Characteristic WMD =+ SE Estimate used Heterogeneity Pooled estimate 95% Cl p-value
estimate
Female Male P (%) | p-value
Age, years 55.66+0.04 | 50.38+0.03 MD 88.89 0.000 031 0.22-0.40 0.000
MWT, mm 1849+0.01 | 19.11+0.01 MD 13.6 0.304 -0.11 —0.15 to —0.08 0.000
LVEF, % 66.69+0.03 | 6538+0.02 MD 77.15 0.000 0.08 0.01-0.15 0.036
LAD, mm 41814002 | 43.54+0.01 MD 79.39 0.000 —0.14 —0.23 to —0.06 0.000
Syncope - OR 59.06 0.000 1.08 0.94-1.25 0.290
Family history of SCD - OR 9291 0.000 1.00 0.72-1.40 0.975
Family history of HCM - OR 88.35 0.000 0.99 0.76-1.28 0.908
NYHA >III - OR 85.92 0.000 1.94 1.55-2.43 0.000
NSVT - OR 91.54 0.000 1.04 0.70-1.54 0.845
AF - OR 5437 0.006 1.14 0.99-1.32 0.080
LVOTG 230 mmHg - OR 68.88 0.000 1.48 1.27-173 0.000
Hypertension - OR 21.22 0.196 127 1.19-1.37 0.000
Septal reduction therapy - OR 47.80 0.020 1.52 1.27-1.81 0.000
Use of ICDs - OR 61.48 0.000 0.93 0.76-1.14 0.490
Genetic testing positive - OR 42.74 0.106 1.27 1.08-1.48 0.000
MYBPC3 - OR 72.96 0.025 0.99 0.58-1.71 0.980
MYH7 - OR 0.00 0.546 1.26 1.04-1.54 0.020

WMD, weighted mean difference; SE, standard error; Cl, confidence interval; MD, mean difference; OR, odds ratio; SCD, sudden cardiac death; HCM, hypertrophic
cardiomyopathy; NYHA, New York Heart Association; NSVT, non-sustained ventricular tachycardia; AF, atrial fibrillation; LVOTG, left ventricular outflow tract gradient;
MWT, maximal wall thickness; LVEF, left ventricular ejection fraction; LAD, left atrial diameter; ICD, implantable cardioverter-defibrillator; MYBPC3, myosin binding

protein C; MYH7, myosin heavy chain beta 7.
Bold values indicate statistical significance.

analysis was directed towards assessing all-cause mortality, which
was evaluated in a total of 24 studies encompassing a substantial
cohort of 36,742 patients. Visual representation of these findings
can be found in Figure 2. The results revealed a significant
association between female sex and an elevated risk of all-cause
mortality, as evidenced by a pooled OR of 1.62 (95% CI: 1.38-
1.89, p=0.000, ’=72.78%). The findings of meta-regression
analysis did not yield any statistically significant differences
when considering variables such as mean age (meta-regression
coefficient: —0.069, p=0.705), follow-up time (meta-regression
coefficient: 0.472, p=0.308), sample size (meta-regression
—0.267, p=0.242), postoperative patients
regression coefficient: 0.092, p=0.672), data matching (meta-
regression coefficient: 0.169, p=0.657), and the type of estimated
effect size in the respective studies (meta-regression coefficient: 0.085,
p=0.707). Although the aforementioned covariates did not exhibit
statistical significance in the meta-regression analysis, we still

coefficient: (meta-

conducted a subgroup analysis based on whether the study utilized
matching or not to minimize the impact of baseline data differences.
This subgroup analysis indicated no statistically significant difference
(p=0.51) between the matched group, consisting of three studies
with a pooled OR of 1.45 (95% CI: 1.06-1.98, 12:0.00%), and the
unmatched group, comprised of 21 studies with a pooled OR of 1.38
(95% CI: 1.63-1.94, I’ = 76.23%) (Figure 3).

The analysis of arrhythmic endpoints encompassed data from
a total of 18 studies, involving 27,947 participants (Figure 4). The
investigation revealed that there was no significant difference in
the occurrence of arrhythmic events between the female and
male groups, as indicated by a pooled OR of 1.08 (95% CI:
0.87-1.34, p=0.490, I° = 55.48%) (Figure 4). In meta-regression
analysis, no significant differences were observed on the basis of

Frontiers in Cardiovascular Medicine

the mean age (meta-regression coefficient: —0.313, p=0.160),
follow-up time (meta-regression coefficient: —0.042, p =0.923),
postoperative patients —0.033,
p=0.914), data matching (meta-regression coefficient: —0.805,
p=0.168), or the type of estimated effect size of the study

(meta-regression coefficient:

(meta-regression coefficient: 0.003, p=0.991). However, the
analysis did reveal a significant influence of sample size (meta-
regression coefficient: —0.674, p = 0.002), indicating that the OR
for arrhythmic endpoints between female and male groups
decreased as the sample size increased. This finding provides
some insight into the observed heterogeneity (I* residual =
35.57%, p-value for heterogeneity =0.11). Further subgroup
analysis based on sample size yielded significant results (p=
0.00) (Figure 5). The subgroup consisting of studies with a
sample size less than 1,000 included 10 studies, with a pooled
OR of 1.18 (95% CI: 1.57-2.10, I’ =0.00%). Conversely, the
subgroup comprising studies with a sample size greater than
1,000 included 8 studies, with a pooled OR of 0.88 (95% CI:
0.71-1.09, F* = 52.90%).

Data pertaining to the composite endpoint were extracted
from a comprehensive analysis of 12 studies, encompassing a
total of 16,863 patients (Figure 6). The findings from this
analysis revealed a significant association between female sex
and an elevated risk of experiencing the composite endpoint.
This association was substantiated by a pooled OR of 1.47
(95% CI: 1.20-1.79, p=0.000, I?=84.96%) as illustrated in
Figure 6. Meta-regression disclosed that variables such as data
—1.449, p=0.026),
postoperative patients (meta-regression coefficient: —1.351, p

matching (meta-regression coefficient:

=0.020), the type of estimated effect size (meta-regression
coefficient: 0.665, p=0.000), and sample size (meta-regression
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TABLE 4 Clinical outcomes per study included in the meta-analysis.

First author

Female,

All-cause mortality

Male, n

Arrhythmic endpoint

Female,

10.3389/fcvm.2023.1252266

Composite endpoint

Male, n Female, n Male, n

First author

Pooled estimate and

95% Cl

HR/OR

Ghiselli et al. (5) 1 5 2 1 8 10
Ho et al. (6) 8 2 - - - -
Huang et al. (7) 23 32 - - 69 66
Huurman et al. (8) 5 10 0 3 5 13
Javidgonbadi et al. (9) 50 41 7 4 - -
Kim et al. (10) 55 178 - - 218 495
Lakdawala et al. (11) 213 249 111 202 - -
Lawin et al. (12) 5 11 18 15 - -
Lee et al. (13) 32 32 8 14 42 44
Lu et al. (14) 4 2 5 9 26 18
Meghji et al. (15) 210 182 26 35 - -
Montenegro et al. (16) 38 31 36 30 - -
Olivotto et al. (17) 88 80 26 33 - -
Osman et al. (18) 71 50 - - - -
Rowin et al. (19) 70 65 26 61 - -
Terauchi et al. (20) 3 5 8 7 11 7
VanVelzen et al. (21) 92 91 20 37 119 128
Wang et al. (22) 19 28 8 16 - -
Wang et al. (23) 19 7 32 17 - -
Lorenzini et al. (30) 230 239 46 122 314 407

Pooled estimate and
95% Cl

Pooled estimate and
95% Cl

Geske et al. (33) HR 1.13 (1.03-1.22) - - -

Hutt et al. (24) - - - - HR (male vs. 1.03 (0.80-1.32)
female)

Jang et al. (25) - - - - HR 3.31 (1.17-9.35)

Lee et al. (26) OR 4.99 (1.77-14.08) - - - -

Woo et al. (27) HR 2.5 (1.5-4.3) - - - -

Ho et al. (28) - - HR 0.69 (0.51-0.94) - -

Ball et al. (29) HR 20 (1.3-32) - - - -

Kubo et al. (31) - - - - HR (male vs. 0.93 (0.54-1.06)
female)

Choi et al. (32) - - HR 2.97 (1.12-7.93) - -

OR, odds ratio; HR, hazard ratio; Cl, confidence interval.

coefficient: —0.306, p = 0.027) accounted for a considerable portion of
the observed heterogeneity (I residual = 20.20%, p for heterogeneity
=0.281). However, it is noteworthy that covariates such as mean age
(meta-regression coefficient: 0.097, p=0.500) and follow-up time
(meta-regression coefficient: —1.072, p=0.500) did not attain
statistical significance in elucidating the heterogeneity observed.
Given the limited number of studies available within postoperative
patients and data matching categories (only one study each),
subgroup analyses based on these specific covariates were not
conducted. Nevertheless, when stratified by the type of estimated
effect size, the subgroup analysis revealed a statistically significant
distinction between the groups (p=0.01). Specifically, the group
incorporating OR comprised nine studies, yielding a pooled OR of
161 (95% CIL 1.35-1.93, I’=47.77%). Conversely, the group
incorporating HR consisted of three studies, generating a pooled
OR of 1.10 (95% CI: 0.87-1.39, I = 61.18%) (Figure 7). Regarding
subgroup analysis based on sample size, no statistically significant
variation was observed between the groups (p=0.39). The group
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encompassing studies with a sample size below 1,000 (comprising
seven studies) demonstrated a pooled OR of 1.74 (95% CI:
1.06-2.87, I’ = 80.53%). Conversely, the group incorporating studies
with a sample size exceeding 1,000 (comprising five studies)
displayed a pooled OR of 1.38 (95% CI: 1.14-1.66, I =68.31%)
(Figure 8).

3.4. Sensitivity analysis

This sensitivity analysis involved systematically excluding one
study at a time for each clinical outcome, allowing us to evaluate
the influence of individual studies on the overall findings. Notably,
none of the results exhibited significant changes upon the
exclusion of any specific study (Supplementary Figure S1). These
findings provide strong evidence for the stability and reliability of
our results, indicating that they are not unduly influenced by the
inclusion or exclusion of any particular study.
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Random—effects DerSimonian—Laird model

FIGURE 2
Forest plots of all-cause mortality.

exp(OR) Weight

Study with 95% CI (%)
Woo, et al., 2005, [ref.27] —— 250 1.48, 423] 427
Lee, et al., 2007, [ref.26] —®— 499[ 1.77, 14.07] 1.77
Lu, et al., 2020, [ref.14] 2.02[ 0.37, 11.16] 0.75
Javidgonbadi, et al., 2022, [ref.9] —— 1.55[ 0.84, 2.87] 3.62
Lawin, et al., 2022, [ref.12] —— 0.50[ 0.17, 1.46] 1.70
Rowin, et al., 2019, [ref.19] - 1.88[ 1.33, 2.67] 5.89
Huang, et al., 2020, [ref.7] —— 0.86[ 0.49, 1.51] 3.99
Montenegro, et al., 2020, [ref.16] 1.82[ 1.12, 298] 4.56
VanVelzen, et al., 2018, [ref.21] r 1.81[ 1.3 249] 6.16
Ho, et al., 2004, [ref.6] - 5.00[ 1.01, 24.65] 0.85
Lee, et al., 2022, [ref.13] —— 3.04[ 1.81, 5.09] 435
Olivotto, et al., 2005, [ref.17] - 1.79[ 1.28, 2.50] 6.04
Geske, et al., 2017, [ref.33] [ | 1.13[ 1.04, 1.23] 820
Ghiselli, et al., 2020, [ref.5] 0.54[ 0.06, 4.69] 0.48
Lorenzini, et al., 2020, [ref.30] | 1.93[ 1.60, 2.34] 745
Kim, et al., 2021, [ref.10] : 3 1.05[ 0.77, 1.43] 6.30
Osman, et al., 2022, [ref.18] 1.39[ 0.96, 2.02] 5.67
Lakdawala, et al., 2021, [ref.11] : 1.44[ 1.19, 1.75] 7.46
Huurman, et al., 2021, [ref.8] = 0.77[ 0.25, 2.36] 1.56
Ball, et al., 2011, [ref.29] —il- 2.00[ 1.27, 3.14] 4.92
Terauchi, et al., 2015, [ref.20] 0.66[ 0.14, 3.12] 0.89
Wang, et al., 2014, [ref.22] —il— 206[ 1.12, 3.81] 3.64
Wang, et al., 2020, [ref.23] | 2.87[ 1.17, 7.02] 221
Meghji, et al., 2019, [ref.15] 1511 1.21, 1.87] 7.23
Overall : 1.62[ 1.38, 1.89]
Heterogeneity: t’ = 0.07, I’ = 72.78%, H’ = 3.67
Test of q; = q;: Q(23) = 84.51, p=10.00
Test of q=0: z=6.06, p=0.00

116 14 1 416

3.5. Publication bias

Publication bias was assessed using Egger’s test, which
yielded non-significant results for all-cause mortality (p=
0.731), (p=0.055),
endpoint (p =0.120). Furthermore, the funnel plot presented in

arrhythmic  endpoint and composite
Supplementary Figure S2 visually displays the distribution of
studies, providing additional support for the absence of

publication bias.

4. Discussion

This meta-analysis aimed to systematically compare and
analyze the clinical outcomes between female and male patients

Frontiers in Cardiovascular Medicine

diagnosed with HCM. The primary observations of this study
indicate that female individuals with HCM exhibit a heightened
risk of adverse events, specifically all-cause mortality and
composite endpoint outcomes, when compared to their male
counterparts. However, intriguingly, no statistically significant
disparity was detected in the occurrence of arrhythmic endpoints
between the two sex groups.

Two recent meta-analyses have investigated sex disparities in
HCM. Angkawipa Trongtorsak et al. conducted a comprehensive
meta-analysis involving 11 studies and 9,427 HCM patients (34).
Their analysis focused on all-cause mortality, HCM-related
mortality, and worsening heart failure or hospitalization due to
heart failure as primary outcomes of interest. In our meta-
analysis, we built upon their work by incorporating an
additional 18 studies and a larger cohort comprising 35,250

11 frontiersin.org


https://doi.org/10.3389/fcvm.2023.1252266
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Liu et al.

10.3389/fcvm.2023.1252266

exp(OR) Weight
Study with 95% CI (%)
Data nonmatching
Woo, et al., 2005, [ref.27] —— 250 1.48, 4.23] 427
Lee, et al., 2007, [ref.26] —8— 499[ 1.77, 14071 1.77
Lawin, et al., 2022, [ref.12] —a— 050 0.17, 1.46] 1.70
Rowin, et al., 2019, [ref.19] - 1.88[ 1.33, 2.67] 5.89
Huang, et al., 2020, [ref.7] —— 0.86[ 0.49, 1.51] 3.99
Montenegro, et al., 2020, [ref.16] 1.82[ 1.12, 2.98] 4.56
VanVelzen, et al., 2018, [ref.21] r 1.81[ 1.3 249] 6.16
Ho, et al., 2004, [ref.6] 5.00[ 1.01, 24.65] 0.85
Lee, et al., 2022, [ref.13] —— 3.04[ 1.81, 5.09] 435
Olivotto, et al., 2005, [ref.17] S 1.79[ 1.28, 2.50] 6.04
Geske, et al., 2017, [ref.33] [ ] 1.13[ 1.04, 123] 820
Ghiselli, et al., 2020, [ref.5] 0.54[ 0.06, 4.69] 048
Lorenzini, et al., 2020, [ref.30] || 1.93[ 1.60, 2.34] 7.45
Kim, et al., 2021, [ref.10] g 1.05[ 0.77, 1.43] 6.30
Lakdawala, et al., 2021, [ref.11] B 144 1.19, 1.75] 7.46
Huurman, et al., 2021, [ref.8] = 0.77[ 0.2 2.36] 1.56
Ball, et al., 2011, [ref.29] —il— 200[ 1.27, 3.14] 492
Terauchi, et al., 2015, [ref.20] = 0.66[ 0.14, 3.12] 0.89
Wang, et al., 2014, [ref.22] —i— 206[ 1.12, 3.81] 3.64
Wang, et al., 2020, [ref.23] —— 2.87[ 1.17, 7.02] 2.21
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FIGURE 3
Subgroup analysis of all-cause mortality based on whether the study utilized matching or not.

HCM patients. Notably, our analysis included the largest single
study to date, with 5,873 participants, enhancing the statistical
power and precision of our estimates. Moreover, we introduced
an additional endpoint related to arrhythmia, encompassing
SCD, aborted SCD, appropriate shocks from ICD, and SVT/
SVE. SCD remains a significant public health concern,
accounting for a considerable proportion of cardiovascular
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deaths in developed countries (35). While the underlying
causes of SCD are generally thought to be similar between the
sexes, emerging evidence suggests potential sex-specific
(35). there of

underutilization of ICD devices among women during HCM-

differences Furthermore, is  evidence
related hospitalizations (36). Consequently, our inclusion of the

arrhythmia endpoint aims to explore potential sex disparities
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FIGURE 4
Forest plots of the arrhythmic event.

in this specific domain. Another meta-analysis conducted by
Zhao et al. encompassed 27 cohorts and 42,365 HCM patients
(37). They included outcomes of AF (5 articles with 7,453
individuals), ventricular arrhythmia (3 studies involving 7,222
patients), cardiovascular events (2-9 articles and 456-20,283
patients), deaths (5-14 articles and 9,565-31,764 patients), and
with 10,190
Although our study covered fewer outcomes, each outcome

composite endpoint (6 articles individuals).
included more than ten articles involving substantial patient
populations  (16,863-36,742). Our study

comparable number of articles (29) and participants (44,677)

incorporated a

to theirs, differences in our inclusion criteria arose due to
Furthermore, our analysis
2022,
contributing an additional 7,518 patients to our comprehensive
investigation (9, 12, 13, 18, 24).

HCM has consistently exhibited a male predominance, with

variations in outcome measures.

included five recently published articles from

men comprising approximately 60% of individuals in most
published HCM cohorts (38). In cases of mild left ventricular
hypertrophy, women may be underrepresented due to
diagnostic bias, as they typically exhibit less hypertrophy (no

body surface area correction) and fewer electrocardiographic
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abnormalities (39). MYBPC3 mutation had been reported to be
(20).
Unfortunately, this study did not find any difference between

associated with delayed expression of hypertrophy

the two groups regarding MYBPC3 due to the limitation of
sample size. In animal models, estrogen can inhibit cardiac
hypertrophy through epigenetic modifications, which may
account for a delay in disease onset (40).Women tend to be
diagnosed at an older age compared to men, with a mean age
of 61.4+150 vyears 51.8+13.6 years,
respectively (41). Thus, the inclusion of predominantly older

at diagnosis vs.
female participants in these included studies reflects this
demographic characteristic. Our analysis also revealed that the
MWT was lower in the female group compared to the male
group. As men have a higher absolute body surface area (BSA)
and weight, their BSA- and weight-indexed MWT were similar
to those of women (42). It is worth noting that the limited
availability of indexed MWT values in the included studies
this
parameter. Furthermore, a higher proportion of female patients

restricted our ability to comprehensively evaluate

presented with a LVOTG greater than or equal to 30 mmHg

compared to the male group. This observation can be attributed
to the characteristic anatomical and physiological differences
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FIGURE 5
Subgroup analysis of the arrhythmic event based on sample size.
between the sexes, as women with HCM tend to exhibit a smaller ~ diastolic function, which may contribute to a higher

left ventricular cavity size and higher left ventricular contractility
(43). Patients with HOCM are characterized by ventricular
hypertrophy,
function, which often contribute to an increased risk of SCD
(44). (LA)
enlargement to modulate left ventricular filling pressure is
in female patients with HOCM due to their
heightened susceptibility to myocardial fibrosis (45). Moreover,
Chen YZ et al. reported that males with HCM demonstrated
favorable reverse remodeling with greater regression of left

myocardial fibrosis, and impaired diastolic

The compensatory mechanism of left atrial

impaired

ventricular mass after alcohol septal ablation compared to
female patients (46). The presence of myocardial remodeling
and fibrosis in HCM has been associated with impaired

Frontiers in Cardiovascular Medicine

14

predisposition to heart failure in women compared to men (44).
Consequently, it is not surprising that the included studies
reported a higher proportion of females with NYHA class III/
IV, indicating more advanced stages of HF, as compared to
males. The observed baseline differences among studies can be
attributed to variations in inclusion criteria. Nevertheless, it is
important to recognize that inherent sex-related differences also
contribute to the disparities in demographic and clinical
characteristics in HCM.

This study revealed a significant association between female sex
and an elevated risk of all-cause mortality compared to male sex in
patients with HCM. These findings are consistent with previous
meta-analyses that have reported similar outcomes (34, 37).
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FIGURE 6
Forest plots of the composite endpoint.

Subgroup analysis based on data matching demonstrated that even
within the data matching group where heterogeneity was absent,
women continued to exhibit a higher risk of all-cause mortality
compared to men. For instance, the comprehensive study
conducted by Neal K. Lakdawala et al. encompassing a
substantial population and a median follow-up time of 7.7 years,
demonstrated a higher all-cause mortality rate in women
compared to men (9.6% vs. 6.8%) (11). While Dai-Yin Lu et al.
observed that women and men had comparable mortality rates
(2% vs. 1%), women displayed a higher incidence of HF in
comparison to men (8% vs. 4%) (14). Davood Javidgonbadi et al.
revealed that females had a greater disease-related mortality rate
than males (2.9% vs. 1.5%), with a prevalence of excess female
deaths occurring in cases of HF and acute myocardial infarctions
(9). Conversely, non-disease-related deaths were more frequently
observed in males (6 patients vs. 18 patients). Another study by
Mohammed Osman et al. utilizing propensity score matching,
found no disparity in mortality between women and men (3%
vs. 2.4%), albeit with a limited 30-day follow-up (18). In the
context of HCM, women tend to receive their diagnosis at an
older age, partly attributed to genetic factors (11). Furthermore,
fluctuations in hormonal levels during the perimenopausal phase
may exacerbate symptoms in female patients with apical HCM,
potentially offering some relief during the postmenopausal period
(47). This factor may also influence the timing of medical visits
for female patients. Among the known causal genes, MYH7 and
MYBPC3 are the two most common, collectively responsible for
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approximately half of the patients with familial HCM (48).
Patients with MYH7 mutations were more likely to progress to
end stage HF compare to those with MYBPC3 variants (40). In
summary, female patients with HCM experience delayed
diagnosis, a heightened incidence of heart failure, and an
increased disease-related mortality rate, consequently resulting in
an elevated all-cause mortality rate compared to their male
counterparts.

The analysis of the arrhythmic endpoint did not yield any
statistically significant differences between the female and male
groups. This finding aligns with previous meta-analyses that
have reported a lack of association between female sex and an
increased risk of ventricular arrhythmias and SCD (37).
Subgroup analysis based on sample size revealed a lack of
heterogeneity within the subgroup comprising studies with a
sample size of less than 1,000, yet women exhibited a higher
risk of the arrhythmic endpoint compared to men. The sample
size range included in this subgroup analysis ranged from 50 to
969. Among the studies included, the most notable investigation
was conducted by Iacopo Olivotto et al., encompassing 969
patients with a median follow-up time of 6.2 years (17). Their
findings demonstrated that the incidence of SCD was similar
between men and women (7% vs. 6%). However, another study
suggested a higher incidence rate ratio of SCD in males
compared to females, particularly among patients under the age
of 35 (35). Additionally, Sri Harsha Patlolla et al. identified
underutilization of ICD devices in women during HCM
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Subgroup analysis of the composite endpoint based on the type of estimated effect size.

(36). we found no

significant difference in the use of ICD between the two groups

hospitalizations However, statistically
during the course of HCM. Our subgroup analysis, which
primarily focused on studies with smaller sample sizes, supports
the that
the arrhythmic endpoint between female and male patients
with HCM.

The female group exhibited a significant association with an

notion there is no significant difference in

elevated risk of the composite endpoint. In contrast, a prior
study reported no significant difference in the composite
endpoint between the female and male groups (37). Their
composite endpoint, which comprised six studies, encompassed
HF hospitalization or HCM-related events, SCD, and death.
Our subgroup analysis, stratified by the type of estimated effect
size, revealed lower heterogeneity in the OR group, with women
still demonstrating a higher risk of all-cause mortality
compared to men. As previously noted, females exhibited a

higher incidence of HF hospitalization and a greater all-cause
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mortality rate than males. Conversely, there was no notable
distinction in the arrhythmic endpoint between the two groups.
Consequently, we deduced that the increased risk of the
composite endpoint in women was reasonable and supported by
the observed findings.

In summary, we believe that women have worse clinical
outcomes. Compared to male patients, females are diagnosed
later, and the high mutation rate of MYH?7, which leads to
more severe HF, may be the cause. Further research is needed
to determine whether the high mutation rate of MYBPC3 and
the low utilization rate of ICD affect the prognosis of female
patients.

5. Limitations

This meta-analysis is subject to several significant limitations
that warrant careful consideration. Firstly, it is important to note
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that all the studies included in our analysis were of observational
design, thereby rendering them susceptible to inherent selection
bias and potential confounding factors. Secondly, the adoption of
data matching techniques was limited among the included studies,
leading to substantial heterogeneity in baseline characteristics
across the dataset. Consequently, the interpretation of our findings
should be approached with caution, considering the potential
impact of these baseline differences. Thirdly, although rigorous
measures were taken, involving independent data extraction by
two researchers and subsequent discussion among a panel of three
experts, the inherent variability in outcome reporting among
studies may introduce errors in data extraction. Thus, the
possibility of data extraction inaccuracies should be acknowledged.
Lastly, it is worth noting that the observed heterogeneity in our
results, while partially explored through regression analysis, may
still be influenced by unidentified factors. Hence, the strength and
generalizability of our findings may be influenced by the presence
of unaccounted sources of heterogeneity.
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6. Conclusions and implications

The association between female sex and poorer clinical
outcomes in hypertrophic cardiomyopathy (HCM) appears to
be of significance. However, in order to establish robust and
reliable conclusions, it is imperative to underscore the necessity
for further investigation involving paired populations, given the
in baseline data across the included

studies. Moreover, it is crucial to uphold the principle that

observed differences

“Everyone is equal to the wise one,” irrespective of sex (49).
Traditionally, heart disease has been predominantly perceived
as a condition affecting men, highlighting longstanding
disparities in healthcare that persist to this day and have been
further the COVID-19 pandemic (50).

Consequently, it is imperative to critically reevaluate disease

underscored by
definitions and enhance awareness to mitigate delays in the

diagnosis and treatment of HCM in women, thereby fostering
equitable healthcare practices (41).

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1252266
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Liu et al.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Author contributions

GL designed research, conducted data extraction, and wrote the
first draft. LS conducted document retrieval, data extraction and
analysis. ML conducted initial draft review and revision. All
authors contributed to the article and approved the submitted

version.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

References

1. Butters A, Lakdawala NK, Ingles J. Sex differences in hypertrophic
cardiomyopathy: interaction with genetics and environment. Curr Heart Fail Rep.
(2021) 18(5):264-73. doi: 10.1007/s11897-021-00526-x

2. Kubo T, Kitaoka H, Okawa M, Hirota T, Hayato K, Yamasaki N, et al. Gender-
specific differences in the clinical features of hypertrophic cardiomyopathy in a
community-based Japanese population: results from Kochi RYOMA study.
J Cardiol. (2010) 56(3):314-9. doi: 10.1016/j.jjcc.2010.07.004

3. Argiro A, Rosenblum H, Griffin J, Batra J, Cappelli F, Burkhoff D, et al. Sex
related differences in exercise performance in patients with hypertrophic
cardiomyopathy: hemodynamic insights through non-invasive pressure volume
analysis. Int ] Cardiol. (2022) 351:78-83. doi: 10.1016/j.ijcard.2021.12.045

4. Veselka J, Faber L, Liebregts M, Cooper R, Kashtanov M, Hansen PR, et al. Sex-
related differences in outcomes of alcohol septal ablation for hypertrophic obstructive
cardiomyopathy. JACC Cardiovasc Interv. (2021) 14(12):1390-2. doi: 10.1016/j.jcin.
2021.03.066

5. Ghiselli L, Marchi A, Fumagalli C, Maurizi N, Oddo A, Pieri F, et al. Sex-related
differences in exercise performance and outcome of patients with hypertrophic
cardiomyopathy. Eur ] Prev Cardiol. (2020) 27(17):1821-31. doi: 10.1177/
2047487319886961

6. Ho HH, Lee KLF, Lau CP, Tse HF. Clinical characteristics of and long-term
outcome in Chinese patients with hypertrophic cardiomyopathy. Am ] Med. (2004)
116(1):19-23. doi: 10.1016/j.amjmed.2003.09.020

7. Huang FY, Shah JP, Pu XB, Hagar A, Chen S]J. Influence of gender on clinical
characteristics and outcomes in Chinese patients with hypertrophic cardiomyopathy.
Am ] Med Sci. (2020) 360(5):517-24. doi: 10.1016/j.amjms.2020.05.017

8. Huurman R, Schinkel AFL, de Jong PL, van Slegtenhorst MA, Hirsch A, Michels
M. Impact of sex on timing and clinical outcome of septal myectomy for obstructive
hypertrophic cardiomyopathy. Int J Cardiol. (2021) 323:133-9. doi: 10.1016/j.ijcard.
2020.08.059

9. Javidgonbadi D, Schaufelberger M, Ostman-Smith I. Factors associated with
excess female mortality in obstructive hypertrophic cardiomyopathy. Eur ] Prev
Cardiol. (2022) 29(11):1545-56. doi: 10.1093/eurjpc/zwac078

10. Kim M, Kim B, Choi Y], Lee H]J, Lee H, Park JB, et al. Sex differences in the
prognosis of patients with hypertrophic cardiomyopathy. Sci Rep. (2021) 11(1):4854.
doi: 10.1038/s41598-021-84335-1

11. Lakdawala NK, Olivotto I, Day SM, Han L, Ashley EA, Michels M, et al.
Associations between female sex, sarcomere variants, and clinical outcomes in
hypertrophic cardiomyopathy. Circ Genom Precis Med. (2021) 14(1):E003062.
doi: 10.1161/CIRCGEN.120.003062

12. Lawin D, Lawrenz T, Marx K, Danielsmeier NB, Poudel MR, Stellbrink C.
Gender disparities in alcohol septal ablation for hypertrophic obstructive
cardiomyopathy. Heart. (2022) 108(20):1623-8. doi: 10.1136/heartjn]-2022-320852

Frontiers in Cardiovascular Medicine

18

10.3389/fcvm.2023.1252266

relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher, the
the that
be evaluated in this article, or claim that may be made

editors and reviewers. Any product may

by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1252266/full#supplementary-material

13. Lee HJ, Kim HK, Lee SC, Ommen SR, Kim J, Park JB, et al. Age-related sex
differences in the outcomes of patients with hypertrophic cardiomyopathy. PLoS
One. (2022) 17(2):€0264580. doi: 10.1371/journal.pone.0264580

14. Lu DY, Ventoulis I, Liu H, Kudchadkar SM, Greenland GV, Yalcin H, et al. Sex-
specific cardiac phenotype and clinical outcomes in patients with hypertrophic
cardiomyopathy. Am Heart J. (2020) 219:58-69. doi: 10.1016/j.ahj.2019.10.004

15. Meghji Z, Nguyen A, Fatima B, Geske JB, Nishimura RA, Ommen SR, et al.
Survival differences in women and men after septal myectomy for obstructive
hypertrophic cardiomyopathy. JAMA Cardiol. (2019) 4(3):237-45. doi: 10.1001/
jamacardio.2019.0084

16. Sa F M, Oliveira M, Belo A, Correia ], Azevedo O, Morais J. The sex gap in
hypertrophic cardiomyopathy. Rev Esp Cardiol. (2020) 73(12):1018-25. doi: 10.
1016/j.recesp.2020.01.017

17. Olivotto I, Maron MS, Adabag AS, Casey SA, Vargiu D, Link MS, et al. Gender-
related differences in the clinical presentation and outcome of hypertrophic
cardiomyopathy. ] Am Coll Cardiol. (2005) 46(3):480-7. doi: 10.1016/j.jacc.2005.04.
043

18. Osman M, Syed M, Osman K, Patel B, Kawsara A, Kheiri B, et al. Sex-based
outcomes of surgical myectomy for hypertrophic cardiomyopathy: an analysis from
the national readmission database. ] Thorac Cardiovasc Surg. (2022) 166(2):504-11.
doi: 10.1016/j.jtcvs.2021.11.043

19. Rowin EJ, Maron MS, Wells S, Patel PP, Koethe BC, Maron BJ. Impact of
sex on clinical course and survival in the contemporary treatment era for
hypertrophic cardiomyopathy. ] Am Heart Assoc. (2019) 8(21):e012041. doi: 10.
1161/JAHA.119.012041

20. Terauchi Y, Kubo T, Baba Y, Hirota T, Tanioka K, Yamasaki N, et al. Gender
differences in the clinical features of hypertrophic cardiomyopathy caused by
cardiac myosin-binding protein C gene mutations. J Cardiol. (2015) 65(5):423-8.
doi: 10.1016/j.jcc.2014.07.010

21. van Velzen HG, Schinkel AFL, Baart S, Huurman R, van Slegtenhorst MA,
Kardys I, et al. Effect of gender and genetic mutations on outcomes in patients with
hypertrophic cardiomyopathy. Am ] Cardiol. (2018) 122(11):1947-54. doi: 10.1016/
j.amjcard.2018.08.040

22. Wang Y, Wang J, Zou Y, Bao J, Sun K, Zhu L, et al. Female sex is associated with

worse prognosis in patients with hypertrophic cardiomyopathy in China. PLoS One.
(2014) 9(7):€102969. doi: 10.1371/journal.pone.0102969

23. Wang Y, Zhao HW, Wang CF, Meng QK, Cui CS, Zhang XJ, et al. Gender
disparities in clinical outcome after alcohol septal ablation for hypertrophic
obstructive cardiomyopathy in the Chinese Han population: a cohort study. Heart
Lung Circ. (2020) 29(12):1856-64. doi: 10.1016/j.hlc.2020.04.014

24. Hutt E, Mentias A, Alashi A, Wadhwa R, Fava A, Lever HM, et al.
Prognostic value of age-sex adjusted NT-proBNP ratio in obstructive

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1252266/full#supplementary-material
https://doi.org/10.1007/s11897-021-00526-x
https://doi.org/10.1016/j.jjcc.2010.07.004
https://doi.org/10.1016/j.ijcard.2021.12.045
https://doi.org/10.1016/j.jcin.2021.03.066
https://doi.org/10.1016/j.jcin.2021.03.066
https://doi.org/10.1177/2047487319886961
https://doi.org/10.1177/2047487319886961
https://doi.org/10.1016/j.amjmed.2003.09.020
https://doi.org/10.1016/j.amjms.2020.05.017
https://doi.org/10.1016/j.ijcard.2020.08.059
https://doi.org/10.1016/j.ijcard.2020.08.059
https://doi.org/10.1093/eurjpc/zwac078
https://doi.org/10.1038/s41598-021-84335-1
https://doi.org/10.1161/CIRCGEN.120.003062
https://doi.org/10.1136/heartjnl-2022-320852
https://doi.org/10.1371/journal.pone.0264580
https://doi.org/10.1016/j.ahj.2019.10.004
https://doi.org/10.1001/jamacardio.2019.0084
https://doi.org/10.1001/jamacardio.2019.0084
https://doi.org/10.1016/j.recesp.2020.01.017
https://doi.org/10.1016/j.recesp.2020.01.017
https://doi.org/10.1016/j.jacc.2005.04.043
https://doi.org/10.1016/j.jacc.2005.04.043
https://doi.org/10.1016/j.jtcvs.2021.11.043
https://doi.org/10.1161/JAHA.119.012041
https://doi.org/10.1161/JAHA.119.012041
https://doi.org/10.1016/j.jjcc.2014.07.010
https://doi.org/10.1016/j.amjcard.2018.08.040
https://doi.org/10.1016/j.amjcard.2018.08.040
https://doi.org/10.1371/journal.pone.0102969
https://doi.org/10.1016/j.hlc.2020.04.014
https://doi.org/10.3389/fcvm.2023.1252266
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Liu et al.

hypertrophic cardiomyopathy. Prog Cardiovasc Dis. (2022) 74:11-8. doi: 10.1016/j.
pcad.2022.08.002

25. Jang JH, Shin SH, Beak YS, Ko KY, Kwon SW, Park SD, et al. Impact of gender
on heart failure presentation in non-obstructive hypertrophic cardiomyopathy. Heart
Vessels. (2020) 35(2):214-22. doi: 10.1007/s00380-019-01492-0

26. Lee CH, Liu PY, Lin L], Chen JH, Tsai LM. Clinical characteristics and outcomes
of hypertrophic cardiomyopathy in Taiwan - A tertiary center experience. Clin
Cardiol. (2007) 30(4):177-82. doi: 10.1002/clc.20057

27. Woo A, Williams WG, Choi R, Wigle ED, Rozenblyum E, Fedwick K, et al.
Clinical and echocardiographic determinants of long-term survival after surgical
myectomy in obstructive hypertrophic cardiomyopathy. Circulation. (2005) 111
(16):2033-41. doi: 10.1161/01.CIR.0000162460.36735.71

28. Ho CY, Day SM, Ashley EA, Michels M, Pereira AC, Jacoby D, et al. Genotype
and lifetime burden of disease in hypertrophic cardiomyopathy: insights from the
sarcomeric human cardiomyopathy registry (SHaRe). Circulation. (2018) 138
(14):1387-98. doi: 10.1161/CIRCULATIONAHA.117.033200

29. Ball W, Ivanov J, Rakowski H, Wigle ED, Linghorne M, Ralph-Edwards A, et al.
Long-term survival in patients with resting obstructive hypertrophic cardiomyopathy.
J Am Coll Cardiol. (2011) 58(22):2313-21. doi: 10.1016/j.jacc.2011.08.040

30. Lorenzini M, Anastasiou Z, O'Mahony C, Guttman OP, Gimeno JR, Monserrat
L, et al. Mortality among referral patients with hypertrophic cardiomyopathy vs. the
general European population. JAMA Cardiology. (2020) 5(1):73-80. doi: 10.1001/
jamacardio.2019.4534

31. Kubo T, Hirota T, Baba Y, Ochi Y, Takahashi A, Yamasaki N, et al. Patients’
characteristics and clinical course of hypertrophic cardiomyopathy in a regional
Japanese cohort - results from Kochi RYOMA study. Circ J. (2018) 82(3):824-30.
doi: 10.1253/circj.CJ-17-0845

32. Choi YJ, Kim HK, Lee SC, Park JB, Moon I, Park J, et al. Validation of the
hypertrophic cardiomyopathy risk-sudden cardiac death calculator in the asians.
Heart. (2019) 105(24):1892-7. doi: 10.1136/heartjnl-2019-315160

33. Geske JB, Ong KC, Siontis KC, Hebl VB, Ackerman MJ, Hodge DO, et al.
Women with hypertrophic cardiomyopathy have worse survival. Eur Heart J. (2017)
38(46):3434-40. doi: 10.1093/eurheartj/ehx527

34. Trongtorsak A, Polpichai N, Thangjui S, Kewcharoen ], Yodsuwan R, Devkota A,
et al. Gender-related differences in hypertrophic cardiomyopathy: a systematic review
and meta-analysis. Pulse (Basel). (2021) 9(1-2):38-46. doi: 10.1159/000517618

35. Winkel BG, Risgaard B, Bjune T, Jabbari R, Lynge TH, Glinge C, et al. Gender
differences in sudden cardiac death in the young-a nationwide study. BMC Cardiovasc
Disord. (2017) 17(1):19. doi: 10.1186/s12872-016-0446-5

36. Patlolla SH, Schaff HV, Nishimura RA, Geske JB, Dunlay SM, Ommen SR. Sex
and race disparities in hypertrophic cardiomyopathy: unequal implantable
cardioverter-defibrillator use during hospitalization. Mayo Clin Proc. (2022) 97
(3):507-18. doi: 10.1016/j.mayocp.2021.07.022

37. Zhao H, Tan Z, Liu M, Yu P, Ma J, Li X, et al. Is there a sex difference in the
prognosis of hypertrophic cardiomyopathy? A systematic review and meta-analysis.
J Am Heart Assoc. (2023) 12(11):e026270. doi: 10.1161/JAHA.122.026270

Frontiers in Cardiovascular Medicine

19

10.3389/fcvm.2023.1252266

38. Siontis KC, Ommen SR, Geske JB. Sex, survival, and cardiomyopathy:
differences between men and women with hypertrophic cardiomyopathy. J Am
Heart Assoc. (2019) 8(21):e014448. doi: 10.1161/JAHA.119.014448

39. O’'Mahony C, Elliott P. Affairs of the heart: outcomes in men and women with
hypertrophic cardiomyopathy. Eur Heart J. (2017) 38(46):3441-2. doi: 10.1093/
eurheartj/ehx639

40. Sedaghat-Hamedani F, Kayvanpour E, Tugrul OF, Lai A, Amr A, Haas J, et al.
Clinical outcomes associated with sarcomere mutations in hypertrophic
cardiomyopathy: a meta-analysis on 7675 individuals. Clin Res Cardiol. (2017). 107
(1):30-41. doi: 10.1007/s00392-017-1155-5

41. Batzner A, Aicha D, Pfeiffer B, Neugebauer A, Seggewiss H. Sex-related
differences in symptomatic patients with hypertrophic obstructive cardiomyopathy
- time for a new definition? Int J Cardiol. (2021) 328:117-21. doi: 10.1016/j.ijcard.
2020.12.039

42. Huurman R, Schinkel AFL, van der Velde N, Bowen DJ, Menting ME, van den
Bosch AE, et al. Effect of body surface area and gender on wall thickness thresholds in
hypertrophic cardiomyopathy. Neth Heart J. (2020) 28(1):37-43. doi: 10.1007/s12471-
019-01349-1

43. Dimitrow PP, Czarnecka D, Strojny JA, Kawecka-Jaszcz K, Dubiel JS. Impact of
gender on the left ventricular cavity size and contractility in patients with
hypertrophic cardiomyopathy. Int ] Cardiol. (2001) 77(1):43-8. doi: 10.1016/
$0167-5273(00)00401-0

44. Chen YZ, Qiao SB, Hu FH, Yuan JS, Yang WX, Cui JG, et al. Left ventricular
remodeling and fibrosis: sex differences and relationship with diastolic function in
hypertrophic cardiomyopathy. Eur ] Radiol. (2015) 84(8):1487-92. doi: 10.1016/j.
ejrad.2015.04.026

45. Bi X, Song Y, Yang C, Song Y, Zhao S, Qiao S, et al. Sex differences in atrial
remodeling and its relationship with myocardial fibrosis in hypertrophic obstructive
cardiomyopathy. Front Cardiovasc Med. (2022) 9:947975. doi: 10.3389/fcvm.2022.
947975

46. Chen YZ, Zhao XS, Yuan JS, Zhang Y, Liu W, Qiao SB. Sex-related differences in
left ventricular remodeling and outcome after alcohol septal ablation in hypertrophic
obstructive cardiomyopathy: insights from cardiovascular magnetic resonance
imaging. Biol Sex Differ. (2022) 13(1):37. doi: 10.1186/s13293-022-00447-x

47. Yang Y, Yan L, Wang Z, Duan F, Guo X, Li Y, et al. Menopause may aggravate
symptoms of female apcial hypertrophic cardiomyopathy patients. Cardiology
(Switzerland). (2013) 126:144. doi: 10.1159/000355684

48. Marian AJ, Braunwald E. Hypertrophic cardiomyopathy: genetics, pathogenesis,
clinical manifestations, diagnosis, and therapy. Circ Res. (2017) 121(7):749. doi: 10.
1161/CIRCRESAHA.117.311059

49. Isiadinso I, Wenger NK. Do we need a different approach to assess
cardiovascular risk in women? US Cardiology Review. (2017) 11(1):5-9. doi: 10.
15420/usc.2016:8:2

50. Bhatia RT, Papadakis M. Female sex and persistent inequalities in the care of
patients with hypertrophic obstructive cardiomyopathy: a call to action. Eur ] Prev
Cardiol. (2022) 29(11):1542-4. doi: 10.1093/eurjpc/zwacl20

frontiersin.org


https://doi.org/10.1016/j.pcad.2022.08.002
https://doi.org/10.1016/j.pcad.2022.08.002
https://doi.org/10.1007/s00380-019-01492-0
https://doi.org/10.1002/clc.20057
https://doi.org/10.1161/01.CIR.0000162460.36735.71
https://doi.org/10.1161/CIRCULATIONAHA.117.033200
https://doi.org/10.1016/j.jacc.2011.08.040
https://doi.org/10.1001/jamacardio.2019.4534
https://doi.org/10.1001/jamacardio.2019.4534
https://doi.org/10.1253/circj.CJ-17-0845
https://doi.org/10.1136/heartjnl-2019-315160
https://doi.org/10.1093/eurheartj/ehx527
https://doi.org/10.1159/000517618
https://doi.org/10.1186/s12872-016-0446-5
https://doi.org/10.1016/j.mayocp.2021.07.022
https://doi.org/10.1161/JAHA.122.026270
https://doi.org/10.1161/JAHA.119.014448
https://doi.org/10.1093/eurheartj/ehx639
https://doi.org/10.1093/eurheartj/ehx639
https://doi.org/10.1007/s00392-017-1155-5
https://doi.org/10.1016/j.ijcard.2020.12.039
https://doi.org/10.1016/j.ijcard.2020.12.039
https://doi.org/10.1007/s12471-019-01349-1
https://doi.org/10.1007/s12471-019-01349-1
https://doi.org/10.1016/s0167-5273(00)00401-0
https://doi.org/10.1016/s0167-5273(00)00401-0
https://doi.org/10.1016/j.ejrad.2015.04.026
https://doi.org/10.1016/j.ejrad.2015.04.026
https://doi.org/10.3389/fcvm.2022.947975
https://doi.org/10.3389/fcvm.2022.947975
https://doi.org/10.1186/s13293-022-00447-x
https://doi.org/10.1159/000355684
https://doi.org/10.1161/CIRCRESAHA.117.311059
https://doi.org/10.1161/CIRCRESAHA.117.311059
https://doi.org/10.15420/usc.2016:8:2
https://doi.org/10.15420/usc.2016:8:2
https://doi.org/10.1093/eurjpc/zwac120
https://doi.org/10.3389/fcvm.2023.1252266
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	A systematic review and meta-analysis of sex differences in clinical outcomes of hypertrophic cardiomyopathy
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Data extraction and quality assessment tool
	Baseline characteristics and outcome measures
	Meta-analysis

	Results
	Literature search
	Study characteristics and quality assessment tool
	Meta-analysis results
	Comparison estimates of baseline characteristics
	Comparison estimates of clinical outcomes

	Sensitivity analysis
	Publication bias

	Discussion
	Limitations
	Conclusions and implications
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


