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A B S T R A C T

Background: Pulmonary hypertension (PH) and female have been linked to a worse survival in patients with 
obstructive hypertrophic cardiomyopathy (oHCM). However, female patients with PH exhibited a better prog-
nosis than males. Herein, we investigated sex differences in the prevalence and survival of pH in oHCM following 
septal myectomy.
Methods: We consecutively enrolled 1491 patients diagnosed with oHCM. PH was defined as a pulmonary artery 
systolic pressure (PASP) > 36 mm Hg.
Results: Females were older, more likely to experience chest pain and NYHA class III/IV symptoms, and had a 
higher prevalence of PH (37.6 % vs. 19.9 %, p < 0.001) than males. Multivariable analysis showed that female 
was an independent risk for PH (OR 2.3, 95 % CI: 1.70–3.11, p < 0.001) though the PASP was comparable 
between males and females (44.93 ± 10.87 vs. 44.74 ± 9.72 mm Hg, p = 0.856). Over a median follow-up of 36 
months [IQR 23.5–52.5 months), 28 deaths and 189 composite endpoints were observed. Kaplan-Meier analysis 
showed a higher cumulative incidence of death (p = 0.015) and composite endpoints (p < 0.001) in patients with 
PH, and Cox regression analysis revealed that PH (HR 1.78, 95 % CI: 1.30–2.45, p < 0.001) and female (HR 1.39, 
95 % CI: 1.02–1.90, p = 0.038) were independently associated with composite endpoints. However, no signif-
icant survival differences were found between males and females within the PH subgroup.
Conclusions: Female was independently associated with higher prevalence but not severity of PH. Although PH 
and female were independently associated with worse survival, no survival difference was found between males 
and females in the PH subgroup.

1. Introduction

Hypertrophic cardiomyopathy(HCM) is a prevalent inherited heart 
disease characterized by myocardial hypertrophy, increased myocardial 
contractility, and hemodynamic disorders [1]. Approximately two- 
thirds of patients with HCM experience left ventricular outflow 
obstruction, either at rest or under provocation [2], which typically 
leads to elevated left atrial pressure and the subsequent development of 

post-capillary pulmonary hypertension (PH) [3]. PH is highly prevalent 
in HCM, with an estimated incidence of approximately 38 % as deter-
mined by echocardiography, and is associated with poorer survival 
outcomes [4,5]. Previous studies indicated that there is a sexual 
dimorphism in PH with respect to disease prevalence, severity of he-
modynamic alterations, right ventricular adaptation, response to ther-
apy, and notably, clinical outcomes [6,7]. Specifically, females are more 
likely to develop PH but tend to exhibit a more favorable hemodynamic 
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profile and better survival. Conversely, among patients with obstructive 
HCM (oHCM), female individuals often experience more severe symp-
toms and worse clinical outcomes compared to their male counterparts 
[8,9]. However, the impact of sex differences on the prevalence, 
severity, and survival of pH in patients with oHCM remains unknown. 
Herein, we aimed to investigate the sex differences in the prevalence and 
prognosis of pH in patients with oHCM following myectomy.

2. Method

2.1. Study population

This observational study involved 1491 patients diagnosed with 
oHCM at Fuwai Hospital from January 2015 to December 2019. The 
diagnosis of HCM adhered to the 2020 American Heart Association/ 
American College of Cardiology and the 2014 European Society of 
Cardiology guidelines [10,11], which primarily identify unexplained 
septal hypertrophy with a thickness exceeding 15 mm, or an intraven-
tricular septum thickness of more than 13 mm accompanied by a family 
history of HCM, while ruling out other local or systemic causes. A left 
ventricular outflow tract (LVOT) gradient of 50 mm Hg or greater, either 
at rest or following provocation, was indicative of LVOT obstruction, 
necessitating surgical myectomy. All participants provided informed 
consent prior to their inclusion in the study, which was approved by the 
Ethics Committee of Fuwai Hospital and conducted in alignment with 
the ethical principles outlined in the Declaration of Helsinki.

2.2. Data collection

Demographic information was gathered, including variables such as 
age, gender, body mass index, and smoking status. Additionally, symp-
toms like chest pain, syncope, palpitations, and dizziness were docu-
mented. The data also encompassed family histories of HCM and sudden 
cardiac death, along with participants’ self-reported medical back-
grounds, which included conditions like hypertension, diabetes, atrial 
fibrillation, and any previous heart surgeries. Information about current 
medication use, including hypoglycemic agents, antihypertensive med-
ications, and lipid-lowering drugs, was extracted from medical records 
by trained clinicians who were unaware of the study’s objectives.

2.3. Echocardiography parameters

Transthoracic echocardiographic assessments were conducted uti-
lizing a commercially available ultrasound system (E9 ultrasound sys-
tem, GE Healthcare, Horten, Norway). The maximum left ventricular 
(LV) wall thickness was defined as the largest dimension recorded at any 
point within the LV chamber during end-diastole. LVOT gradients were 
measured using continuous Doppler ultrasound to determine the peak 
outflow velocities, with the estimated value derived through the 
simplified Bernoulli equation. Additionally, pulmonary artery systolic 
pressure (PASP) was ascertained from the tricuspid regurgitant jet ve-
locity using the modified Bernoulli equation, incorporating right atrial 
pressure (RAP) when the tricuspid regurgitation jet was detectable. For 
those who could not have PASP measured via tricuspid regurgitation, 
mean pulmonary arterial pressure (PAP) was recorded based on the peak 
pulmonary regurgitation (PR) velocity. The calculation for mean PAP 
was derived from the formula: mean PAP = 4 (peak PR velocity)2 + RAP. 
Patients exhibiting a mean PAP greater than 25 mm Hg were classified as 
having pulmonary hypertension (PH). When PH was suspected, we 
assessed the PR end-velocity to estimate pulmonary arterial diastolic 
pressure (PADP) and subsequently applied the equation mean PAP = 2/ 
3 PADP + 1/3 PASP to determine PASP. Right atrial pressure (RAP) 
estimates (5, 10, and 15 mm Hg) were made in the subcostal view, 
taking into account the size and collapsibility of the inferior vena cava 
during inspiration at rest. For further information, please refer to our 
earlier publication [12].

2.4. Surgical procedure

Extended septal myectomy, an evolution of the traditional Morrow 
procedure, was performed as previously outlined [13]. The resection 
spanned specific ranges: The upper limit was approximately 4 mm 
beneath the aortic ring, while the lower limit reached the apex of the left 
ventricle. From the right side, the myectomy commenced slightly to the 
right of the nadir of the right aortic cusp, and on the left side, resection 
concluded near the anterior commissure of the mitral valve. In cases 
where severe regurgitation or systolic anterior motion (SAM) persisted 
post-resection, elongated leaflets were folded to mitigate these issues. 
Based on preoperative assessments and intraoperative findings, addi-
tional interventions such as mitral repair or replacement, tricuspid 
repair, coronary artery bypass grafting, and radiofrequency ablation for 
atrial fibrillation were performed as necessary. Following weaning from 
cardiopulmonary bypass, an immediate reoperation was initiated if 
intraoperative transesophageal echocardiography revealed a post-
operative LVOT gradient of 30 mm Hg or higher.

2.5. Follow-up

All patients underwent annual follow-ups through either clinic visits 
or phone interviews. Those who were lost to follow-up were censored at 
their last known contact date. The primary endpoint of our study was all- 
cause mortality, encompassing both cardiovascular and non- 
cardiovascular deaths. the occurrence of major adverse cardiovascular 
events (MACE), which was defined as a composite outcome of all-cause 
mortality, heart failure, new-onset atrial fibrillation, stroke, non-fatal 
myocardial infarction, and the implantation of a permanent pace-
maker. Heart failure diagnosis was corroborated through a combination 
of clinical symptoms, physical signs, left ventricular ejection fraction 
assessments, concentrations of N-terminal prohormone of brain natri-
uretic peptide, and the use of diuretics. New-onset atrial fibrillation (AF) 
was identified in patients without prior AF who received a diagnosis 
through either 12-lead electrocardiography or a 24-hour Holter monitor 
during follow-up. Stroke was characterized by patient readmission with 
a diagnosis confirmed via computed tomography or magnetic resonance 
imaging, along with the administration of appropriate treatment. Non- 
fatal myocardial infarction was classified in patients experiencing 
angina pectoris who had angiography revealing coronary stenosis 
greater than 50 % or those who underwent percutaneous coronary 
intervention.

2.6. Statistics analysis

Baseline characteristics of participants were summarized in a sex- 
disaggregated table, with categorical variables as numbers and per-
centages, and continuous variables as means (SD) or medians (IQR). 
Group differences were assessed using ANOVA or chi-squared tests, 
accordingly. Univariable and multivariable logistic regression analyses 
were used to determine the correlation between sex and PH. Time to the 
first follow-up event was analyzed using the Kaplan–Meier survival 
curves and compared with log-rank test.Variables with p < 0.1 in uni-
variable Cox analysis were included in a stepwise multivariable Cox 
regression to estimate adjusted hazard ratios (HR) and 95 % confidence 
intervals (CI). A two-tailed P value of ≤ 0.05 was considered to denote 
statistical significance. All statistical analyses were performed using R 
4.3.3 version(https://www.R-project.org) and GraphPad Prism version 
8.0 (GraphPad Software Inc., La Jolla, CA).

3. Results

3.1. Baseline characteristics

The baseline characteristics of the study patients grouped by sex are 
summarized in Table 1. The mean age of the participants was 49.54 ±
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12.20 years, and 40.4 % of patients were female. Compared to male 
patients, females were much older, had a higher BMI, a higher propor-
tion of individuals with chest pain, NYHA III/IV, and a lower prevalence 
of atrial fibrillation. Furthermore, females had a higher LVOT gradient 
and a higher proportion of individuals with moderate or severe MR, 
greater IVST, and lower left atrial diameter compared to their counter-
parts. Importantly, the prevalence of pH was significantly higher in fe-
male patients than in male patients (37.6 % vs. 19.9 %, p < 0.001, 
Fig. 1A). However, the PASP was comparable between males and fe-
males (44.93 ± 10.87 vs. 44.74 ± 9.72 mm Hg, p = 0.856, Fig. 1B).

3.2. Logistic analysis for the risk factors of PH

The variables with a p < 0.1 in univariable analysis or previously 
demonstrated to be associated with PH were included in multivariable 
analysis and the results are presented in Table 2. Multivariable logistic 
regression analysis showed that female was found to be a risk factor of 
PH (OR 2.3, 95 % CI: 1.70–3.11, p < 0.001) after adjustment for age, 
BMI, smoking, atrial fibrillation, left atrial diameter, and 
hyperlipidemia.

3.3. Operative details

Of 1491 patients with oHCM who underwent septal myectomy, 404 
patients had PH, the surgical details are presented in Supplementary 
Table 1. Compared to patients without PH, those with PH were more 
likely to receive mitral valvuloplasty (20.8 % vs. 11.6 %, p < 0.001), 
have a longer clamp time (74.43 ± 32.19 min vs. 67.36 ± 28.05 min, p 
< 0.001), and longer intensive care unit stay (62.9 ± 66.26 h vs. 50.21 
± 47.33 h, p < 0.001). Other surgical parameters were comparable 
between patients with and without PH.

3.4. Pulmonary hypertension and cardiovascular events

Three patients died during the operation, and 1 patient died within 
30 days after discharge. Over a median follow-up of 36 months [ inter- 
quartile ranges(IQR) 23.5–52.5 months], 28 all-cause deaths and 189 
composite endpoints (including 28 deaths, 14 S, 11 permanent pace-
maker implantations, 65 new-onset atrial fibrillation, 7 coronary dis-
eases, and 64 heart failure) were observed. The Kaplan-Meier survival 
curves showed that patients with PH had a higher cumulative incidence 
of death (Fig. 2A, log-rank test, p = 0.015) and composite endpoints 
(Fig. 2B, log-rank test, p < 0.001) compared to patients without PH. 
Univariable Cox regression analysis was used to identify the factors 
associated with all-cause death (Supplementary Table 2) and composite 
endpoints (Supplementary Table 3). Variables with p-value < 0.1 were 
entered into the stepwise multivariable Cox regression model, and the 
results were presented in Table 3. Family history of sudden cardiac 
death, ventilation time, and PH (HR 2.55, 95 % CI: 1.12 to 5.79, p =
0.025) were found to be independent risk factors of all-cause mortality. 
After adjusting for age, sex, atrial fibrillation, cerebrovascular disease, 
ventilation time, previous heart surgery, and preoperative NYHA III/IV, 
PH (HR 1.78, 95 % CI: 1.30 to 2.45, p < 0.001) was found independently 
associated with a higher incidence of composite endpoints.

Table 1 
Baseline characteristic of study population.

Variables Overall 
(N = 1491)

Male 
(N = 888)

Female 
(N = 603)

p_value

Age (year) 49.54 
(12.20)

47.32 
(11.67)

52.81 
(12.25)

<0.001

BMI (kg/m2) 25.63 
(3.46)

25.95 
(3.23)

25.15 
(3.71)

<0.001

SBP (mm Hg) 124.22 
(15.72)

125.15 
(14.64)

122.85 
(17.12)

0.005

DBP (mm Hg) 72.85 
(10.09)

73.55 
(10.00)

71.81 
(10.14)

0.001

Chest pain (N,%) 521 (34.9) 283 (31.9) 238 (39.5) 0.003
Syncope (N,%) 306 (20.5) 186 (20.9) 120 (19.9) 0.671
Palpitation (N,%) 403 (27.0) 242 (27.3) 161 (26.7) 0.860
Dizziness (N,%) 283 (19.0) 162 (18.2) 121 (20.1) 0.416
AF (N,%) 202 (13.5) 136 (15.3) 66 (10.9) 0.019
Diabetes (N,%) 95 (6.4) 58 (6.5) 37 (6.1) 0.842
Hyperlipidemia (N,%) 669 (44.9) 401 (45.2) 268 (44.4) 0.827
Hypertension (N,%) 470 (31.5) 272 (30.6) 198 (32.8) 0.399
Cerebrovascular disease 

(N,%)
52 (3.5) 29 (3.3) 23 (3.9) 0.679

Pulmonary hypertension 
(N,%)

404 (27.1) 177 (19.9) 227 (37.6) <0.001

Smoking (N,%) 562 (37.7) 527 (59.3) 35 (5.8) <0.001
FHCM (N,%) 112 (7.5) 65 (7.3) 47 (7.8) 0.809
FSCD (N,%) 48 (3.2) 26 (2.9) 22 (3.6) 0.533
Previous heart surgery (N, 

%)
99 (6.6) 68 (7.7) 31 (5.1) 0.07

NYHA III/IV (N,%) 1131 (75.9) 647 (72.9) 484 (80.3) 0.001
Coronary artery disease 

(N,%)
209 (14.0) 129 (14.5) 80 (13.3) 0.541

Left atrial diameter (mm) 44.90 
(6.82)

45.68 
(7.06)

43.75 
(6.27)

<0.001

IVST (mm) 20.15 
(6.76)

20.53 
(5.26)

19.59 
(8.48)

0.009

LVEDD (mm) 42.84 
(5.24)

43.76 
(5.03)

41.48 
(5.27)

<0.001

EF(100 %) 69.19 
(5.83)

69.27 
(5.70)

69.09 
(6.01)

0.555

RVD (mm) 21.35 
(2.99)

21.67 
(2.77)

20.87 
(3.23)

<0.001

MWT (mm) 22.22 
(4.82)

22.81 
(4.95)

21.37 
(4.48)

<0.001

SAM (N, %) 1425 (95.6) 846 (95.3) 579 (96.0) 0.574
LVOT gradient (mm Hg) 83.21 

(32.09)
79.88 
(30.39)

88.12 
(33.87)

<0.001

Moderate or severe MR 
(N, %)

788 (52.9) 425 (47.9) 363 (60.2) <0.001

Statin, (N, %) 250 (16.8) 145 (16.3) 105 (17.4) 0.632
Hypoglycemic (N, %) 87 (5.8) 49 (5.5) 38 (6.3) 0.602
β receptor Blockers (N, %) 1424 (95.5) 849 (95.6) 575 (95.4) 0.918
Calcium channel blockers 

(N, %)
477 (32.0) 272 (30.6) 205 (34.0) 0.190

ACEI (N, %) 82 (5.5) 45 (5.1) 37 (6.1) 0.440
ARB (N, %) 99 (6.6) 60 (6.8) 39 (6.5) 0.909

BMI indicates body mass index; AF, atrial fibrillation; FHCM, family history of 
hypertrophic cardiomyopathy; FSCD, family history of sudden cardiac death; 
IVST, introventricular septal thickness; LVEDD, left ventricular end-diastolic 
diameter; EF, ejection fraction; RVD, right ventricular diameter; SAM, systolic 
anterior motion; LVOT, left ventricular outflow tract; MR, mitral regurgitation; 
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor 
blocker.

Fig. 1. The prevalence of pulmonary hypertension in males and females (A). 
The pulmonary artery systolic pressure across the sexes within the pulmonary 
hypertension subgroup (B).
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3.5. Sex and cardiovascular events in the whole cohort and PH subgroup

We further plotted Kaplan-Meier survival curves to show the cu-
mulative incidence of death and composite endpoint across sex groups in 
the whole cohort and PH subgroup. However, the result showed no 
significant difference in cumulative incidence of death (Fig. 3A) but 
higher cumulative incidence of composite endpoints (Fig. 3B) in females 
than males in the whole cohort. In the PH subgroup, we found no sig-
nificant difference in cumulative incidence of death (Fig. 4A) and 
composite endpoints (Fig. 4B) between males and females.

4. Discussion

Our study is the first to investigate sex differences in the prevalence, 
severity, and prognosis of pH among patients with oHCM. Female sex 
emerged as a risk factor for the prognosis of patients with oHCM, while it 
acted as a protective factor for those with isolated PH. The impact of 
gender differences on the prognosis of oHCM patients with PH is 
particularly intriguing. Our findings indicate that female sex is an in-
dependent risk factor for PH, with a prevalence of pH in females being 
two-fold higher than that in males, despite comparable PASP between 
the sexes in the PH subgroup. Furthermore, patients with PH exhibited a 
higher cumulative incidence of death (log-rank test, p = 0.015) and 
composite endpoints (log-rank test, p < 0.001) compared to those 

Table 2 
Logistic analysis for the risk factors of pulmonary hypertension.

Variables Univariable analysis Multivariable analysis

OR 95 % CI p_value OR 95 % CI p_value

Female 2.43 1.92–3.06 <0.001 2.30 1.70–3.11 <0.001
Age 1.03 1.02–1.04 <0.001 1.03 1.01–1.04 <0.001
BMI 0.94 0.91–0.97 <0.001 0.93 0.89–0.96 <0.001
LAD 1.04 1.02–1.06 <0.001 1.06 1.04–1.08 <0.001
AF 1.72 1.26–2.35 0.001 1.52 1.08–2.14 0.020
Hyperlipidemia 0.71 0.56–0.9 0.005 0.66 0.51–0.85 <0.001
Smoking 0.57 0.444–0.728 <0.001 0.92 0.67–1.26 0.600
ARB 0.62 0.362–1.016 0.069 0.65 0.37–1.09 0.120

OR, odds ratio; CI, confidential interval. Other abbreviations can be found in Table 1.

Fig. 2. Kaplan–Meier survival curves estimate all-cause death (A) and composite endpoints (B) in patients with obstructive hypertrophic cardiomyopathy undergoing 
septal myectomy, stratified by the presence or absence of pulmonary hypertension.

Table 3 
Multivariable Cox hazard risk regression analysis for clinical outcomes.

Events Multivariable analysis

HR 95 % CI p_value

All cause death
FSCD 4.11 1.23–13.8 0.022
Pulmonary hypertension 2.55 1.12–5.79 0.025
Ventilation time 1.01 1.002–1.01 0.006

Composite endpoints
Age 1.02 1.003–1.03 0.015
Female 1.39 1.02–1.90 0.038
AF 1.77 1.22–2.56 0.003
Cerebrovascular disease 1.88 1.08–3.28 0.026
Pulmonary hypertension 1.78 1.30–2.45 <0.001
Ventilation time 1.004 1.001–1.01 0.004
Previous heart surgery 1.86 1.14–3.05 0.013
Preoperative NYHA III/IV 0.67 0.47–0.96 0.029

FSCD indicates family history of sudden cardiac death; HR, hazard ratio; CI, 
confidential interval.
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without PH. Additionally, females demonstrated a higher incidence of 
composite endpoints compared to males, yet the cumulative rates of 
death were similar between the two groups. Conversely, no significant 
differences were found in the cumulative rates of death and composite 
endpoints between males and females within the PH subgroup.

PH is prevalent in patients with HCM, with previously reported rates 
ranging from 11.4 % to 53 % [4,14–16], varying between studies 
attributed to differences in the definition and assessment methods of pH 

across studies. In our current study, we found a prevalence of 27.1 %, 
with female sex independently associated with a twofold higher preva-
lence compared to males. Notably, the PASP in the PH subgroup was 
similar between genders. The sex-specific prevalence of pH in our 
findings aligns with previous researches. A large European registry from 
2007 to 2011 reported a prevalence ratio of 1.8:1 for women versus men 
[17]. The largest US registry [18] which began patient enrollment in 
2006, documented that 80 % of idiopathic PH patients were female, 

Fig. 3. Kaplan–Meier survival curves estimate all-cause death (A) and composite endpoints (B) in patients with obstructive hypertrophic cardiomyopathy undergoing 
septal myectomy, stratified by sex (male and female).

Fig. 4. Kaplan–Meier survival curves estimate all-cause death (A) and composite endpoints (B) of the pulmonary hypertension subgroup of patients with obstructive 
hypertrophic cardiomyopathy undergoing septal myectomy, stratified by sex (male and female).
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while the earliest Chinese incident PH registry indicated a ratio of 2.4 
females to 1 male [19]. Additionally, a comprehensive analysis of 
pooled patient-level data from 11 clinical trials in PH revealed that 
younger men exhibited higher mPAP than their female counterparts, 
although this difference diminished after age 45 years [20]. In both men 
and women with idiopathic PH, hemodynamic load tended to converge 
to similar levels with advancing age, resulting in a discernible sex dif-
ference in mPAP only among patients younger than 45. This phenome-
non may be influenced by hormonal changes over time. In our study, the 
mean age of participants exceeded 45 years, which may partially ac-
count for the absence of a significant difference in PASP between males 
and females.

In patients with HCM, PH is predominantly secondary to LVOT 
obstruction, mitral regurgitation, or impaired diastolic function. These 
hemodynamic abnormalities predispose to elevated left atrial pressure 
and increased pulmonary venous pressure and congestion, ultimately 
leading to an increase in PAP. Over time, this increased pulmonary 
vascular congestion may contribute to pulmonary vascular remodeling 
and the development of a precapillary component alongside post-
capillary PH [21–23]. Consequently, patients with elevated PASP 
exhibited a higher prevalence of atrial fibrillation and were indepen-
dently linked to stroke and systemic embolic events [12,15]. Addition-
ally, elevated PASP is linked to higher risk of readmission for heart 
failure during both mid-term and long-term follow-ups [15]. Previously, 
PH has been identified as a predictor for all-cause mortality in both non- 
obstructive HCM and oHCM who did not undergo septal reduction 
therapy [4]. In those who received surgical intervention, pulmonary 
pressure decreased following septal myectomy, with preoperative right 
ventricular systolic pressure correlating with postoperative reductions 
in pulmonary pressure [5,16,22]. Although pulmonary pressure con-
tinues to decrease after surgery, preoperative pulmonary hypertension 
remains an independent risk factor for all-cause mortality [5]. While the 
underlying reasons for this finding require further investigation, our 
study also demonstrated that PH is independently associated with all- 
cause mortality and a composite outcome of heart failure, new-onset 
atrial fibrillation, and stroke events.

Significant sex differences were observed in both patients with HCM 
and patients with PH. Among HCM patients, female subjects were 
generally older and had a higher proportion of individuals with signif-
icant symptoms, a greater prevalence of PH, and elevated LVOT gradi-
ents at diagnosis. Moreover, in a recent meta-analysiencompassing 27 
studies with a total of 42,365 HCM patients indicated that female sex 
was associated with an increased risk of heart failure, stroke, HCM- 
related death, and all-cause death, although no such association was 
found for atrial fibrillation or sudden cardiac death [8]. In a large cohort 
involving 2506 adults with oHCM following surgical myectomy [24], 
the unadjusted overall survival was lower in females, who exhibited a 
median survival that was approximately 3.9 years shorter than that of 
males. after controlling for baseline covariates, the relationship between 
sex and mortality was diminished and rendered nonsignificant. This 
finding aligns with our results, where unadjusted overall survival was 
lower in females compared to males, but no independent association 
between sex and all-cause mortality was detected. Furthermore, we 
noted a significant association between females and an increased inci-
dence of composite outcomes, including heart failure, stroke, new-onset 
atrial fibrillation, and other cardiovascular events. The underlying 
mechanisms responsible for the observed sex differences in clinical 
outcomes among HCM patients remain incompletely understood. Some 
investigators ascribe these differences to reduced disease penetrance in 
female subjects, particularly among individuals with cardiac myosin- 
binding protein C3 gene (MYBPC3) variants. Confirmatory evidence 
supports that the cardiac disease penetrance of MYBPC3 mutation car-
riers is higher in males than in females [25]. his increased penetrance 
allows males to manifest the disease earlier, resulting in females being 
older and presenting with more severe symptoms at illness onset, which 
may impact their prognosis of HCM [26]. Moreover, female subjects 

typically exhibit a smaller left ventricular chamber, and female patients 
with HCM demonstrate more pronounced changes in left ventricular 
structure and function—such as ventricular thickness and left ventric-
ular systolic function—compared to male patients. These factors 
significantly influence the risk of heart failure and LVOT obstruction 
across sexes. Additionally, our observations indicate that female subjects 
experience greater left ventricular remodeling and a more extensive 
degree of fibrosis than their male counterparts, which may further 
contribute to the higher incidence of heart failure events and mortality 
among females [27].

On the contrary, previous studies have identified female gender as a 
risk factor for developing of PH, yet males with PH exhibited poorer 
survival outcomes [6,7,28]. In our study, female sex emerged as an in-
dependent risk factor for PH; however, no significant survival difference 
was observed between males and females in oHCM patients. In oHCM 
patients, females had a smaller left ventricular chamber, higher LVOT 
gradient, and more severe diastolic dysfunction, leading to an elevated 
left atrial pressure, and more likely to develop post-capillary PH than 
males. Genetic alterations may also contribute to female bias for PH, 
such as mutations in BMPR2, in which female mutation carriers are 
more than twice as likely to be affected with PH as carrier men [29]. 
However, we did not find a sex bias in the clinical outcomes among 
patients with oHCM and PH. As we mentioned above, sex-difference in 
mPAP appeared to be modified by age; males aged > 45 years had 
comparable mPAP to females, which was consistent with our finding. 
This may explain why females and males had comparable survival in 
oHCM patients concomitant with PH.

5. Limitation

Our study was retrospective and therefore subject to inherent limi-
tations, including selection bias. Additionally, the diagnosis of pulmo-
nary hypertension (PH) relied on echocardiography rather than the right 
internal jugular pulmonary artery catheter, limiting PASP calculations 
to tricuspid regurgitant jet velocity or peak pulmonary regurgitation 
velocity. Furthermore, variables associated with gender differ-
ences—such as hormonal and genetic factors—are difficult to measure, 
which hampers our ability to provide direct evidence for the interpre-
tation of results. Lastly, due to the relatively small sample size of patients 
diagnosed with PH, our findings should be cautiously extrapolated to 
other centers, emphasizing the need for further studies with larger 
populations to confirm our results.

6. Conclusion

Female sex was independently associated with higher prevalence of 
PH, however, the PASP was comparable between males and females in 
patients with oHCM. Moreover, PH and female were independently 
associated with a worse clinical outcomes, but no survival difference 
was found between males and females in PH subgroup.
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