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Abstract: Aortic stenosis (AS) is a prevalent valvular heart disease, especially among older adults,
and is associated with high morbidity and mortality. Left ventricular mass (LVM) increases in
response to pressure overload in AS. However, excessive LVM is associated with adverse
outcomes. The prognostic implications of LVM, particularly potential sex-specific effects on
mortality, remain unclear. We conducted a retrospective single-center cohort study of 531
outpatients with symptomatic but stable severe AS awaiting valve intervention between April
2020 and February 2024. None had prior valve procedures. Baseline clinical and
echocardiographic data were collected, and patients were followed for a mean of 2.67 years. The
cohort included 283 men and 248 women (mean age 74.7 years). During follow-up, 165 patients
(31.1%) died, with 86% of deaths due to cardiovascular causes. Deceased patients had lower left
ventricular ejection fraction (LVEF) and higher LVM index (LVMi) than survivors. Multivariate
analysis showed that LVMi and atrial fibrillation (AF) were independent predictors of mortality.
In women, LVMI, LVEF, and AF were independently associated with death, while no such
predictors were identified in men. In conclusion, elevated LVMi was independently associated
with increased mortality in patients with severe AS, particularly among women.

Keywords: aortic valve stenosis; left ventricular mass; prognosis; women; men.

1. Introduction

Patients with symptomatic severe aortic stenosis (AS) face a substantially poor quality of life and
an elevated risk of mortality. While traditional clinical symptoms and echocardiographic parameters
have been well-established as predictors of adverse outcomes [1-4], the prognostic significance of left
ventricular mass (LVM) remains an area of ongoing investigation and debate. Increased LVM
represents a maladaptive response to chronic pressure overload, which induces left ventricular
hypertrophy, myocardial fibrosis, and compromised diastolic function [5,6]. These structural and
functional alterations contribute to decreased cardiac output, heightened susceptibility to
arrhythmias, and an increased risk of heart failure [7-10].

Numerous studies have reported a robust association between elevated LVM and poor clinical
outcomes in patients with AS [11-12]. However, inconsistencies in the findings persist, with some
studies demonstrating a significant correlation while others report a weaker or negligible association
[13-14]. These discrepancies may be due to variations in study design, patient cohorts, and
methodological approaches. Furthermore, the intricate relationship between LVM and other clinical
or echocardiographic variables, such as age, hypertension, and coronary artery disease, complicates
the interpretation of its role in disease progression and prognosis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Gender also serves as a critical biological factor influencing the development and progression of
cardiovascular diseases, including AS. Women with AS often present with distinct clinical profiles
compared to men, characterized by older age and a higher prevalence of comorbid conditions such
as hypertension and diabetes [15]. Moreover, the impact of LVM on cardiac function and clinical
outcomes may vary between sexes due to sex-specific differences in myocardial structure, function,
and pathophysiological responses. These gender-based differences underscore the need for tailored
approaches in evaluating LVM and managing AS in women and men.

2. Materials and Methods

This single-center retrospective observational study included 531 outpatients diagnosed with
symptomatic but stable severe AS between April 2020 and February 2024. The primary objective was
to evaluate the impact of LVM on mortality in patients awaiting valve intervention. Inclusion criteria
required patients to have symptomatic but stable severe AS while awaiting valve intervention.
Exclusion criteria included a history of prior valve procedures and the need for urgent intervention
due to clinical instability. The study began as our hospital prioritized COVID-19 patients, which
disrupted care for individuals requiring elective procedures, including cardiac surgeries. To reduce
risks, the hospital implemented cautious strategies for interventional procedures. Elective cardiac
surgeries were deferred, with priority given to patients presenting with clinically unstable AS. We
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

The primary symptoms assessed were dyspnea, angina, and syncope. Dyspnea was classified
according to the New York Heart Association (NYHA) functional classification, while angina was
evaluated using the Canadian Cardiovascular Society (CCS) functional classification. Syncope was
defined as a transient loss of consciousness followed by spontaneous recovery.

In addition to assessing clinical symptoms, the study examined the prevalence of persistent atrial
fibrillation (AF) and several traditional cardiovascular risk factors, including hypertension, diabetes,
dyslipidemia, smoking status, and anemia. Smokers were categorized as either current or non-
smokers. Hypertension was defined as having a systolic blood pressure greater than 140 mmHg, a
diastolic blood pressure above 90 mmHg, or using antihypertensive medication. Dyslipidemia was
diagnosed in cases where the total cholesterol level was 240 mg/dL or higher, the triglyceride level
was 150 mg/dL or more, the low-density lipoprotein (LDL) cholesterol level exceeded 130 mg/dL, or
lipid-lowering therapy was in use. Diabetes was diagnosed based on fasting glucose levels of 126
mg/dL or greater, casual plasma glucose levels of 200 mg/dL or higher, or using hypoglycemic agents.
Anemia was defined as a hemoglobin plasma concentration below 13.0 g/dL for men and 12.0 g/dL
for women, based on the lower cut-off of our laboratory's normal reference values.

The diagnosis of severe AS was confirmed through a transthoracic echocardiogram conducted
according to a standardized protocol at the study’s Echocardiography Core Laboratory. Several
critical echocardiographic criteria determined the severity of AS: a mean transvalvular gradient of
>40 mmHg, an aortic valve area (AVA) of <1.0 cm?, or a peak aortic jet velocity of >4.0 meters per
second. LVEF was calculated as the ratio of stroke volume to end-diastolic volume. LV volumes were
determined using the biplane disc method, a modified version of Simpson’s rule. This method
involves summing the volumes of small cylindrical discs to estimate the total LV volume.

The LVMi was calculated by dividing the LVM by the body surface area (BSA). LVM was
derived using the following formula [16]:

LVM (grams) = 0.8 * 1.04 * {[(LV diastolic diameter + diastolic interventricular septal thickness +
LV posterior wall thickness in diastole)3 — LV diastolic diameter3]} + 0.6

Reference values for LVMi were based on guidelines from the American Society of
Echocardiography, which defined left ventricular hypertrophy as an LVMi greater than 95 g/m? for
women and 115 g/m? for men [17].

The study assessed various valve interventions, including aortic valve replacement (AVR),
valvuloplasty, and transcatheter aortic valve implantation (TAVI). As part of the follow-up protocol,
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we recorded whether each patient underwent any of these procedures during the study period,
categorizing the variable "valve intervention" as either “yes” or “no.” Additionally, we evaluated the
prevalence of coronary artery disease (CAD), defined as the presence of at least one major
subepicardial coronary artery with a >70% stenotic lesion.

Statistical Analysis

Statistical analysis was conducted by expressing continuous variables as means with standard
deviations and categorical variables as frequencies with corresponding percentages. The assumption
of normality was assessed using tests for equality of variances. Continuous variables were compared
between groups using Student’s t-test, while categorical variables were compared using the chi-
square test. A p-value of less than 0.05 was considered statistically significant.

The cumulative incidence of all-cause mortality was estimated using the Kaplan-Meier (K-M)
method, incorporating Sidak adjustments for multiple comparisons. LVMi was categorized into two
strata: Stratum 1, which includes normal (43-95 g/m? for women and 49-115 g/m? for men) to mildly
abnormal LVMi (96-108 g/m? for women and 116-131 g/m? for men), and Stratum 2, which includes
moderate (109-121 g/m? for women and 132-148 g/m? for men) to severely abnormal LVMi (2122
g/m? for women and >149 g/m? for men) [17].

Cox proportional hazard models were utilized to identify variables independently associated
with all-cause mortality. The chi-square score statistic from the Cox model was used to identify the
most significant predictors of mortality. The dependent variable in these models was death, with
adjustments made for covariates exhibiting a p-value less than 0.1, including LVEF, LVMi, CAD,
angina, AF, and valve interventions that included AVR, TAVI, or valvuloplasty. Separate Cox
proportional hazard models were constructed for male and female patients, using the same covariates
in each model. All statistical analyses were performed using the SAS® Studio software package (SAS
Institute, Cary, NC, USA).

3. Results

The analysis included a cohort of 531 patients, with a mean age of 74.7 + 11.6 years, of which 253
(53.3%) were male. Women exhibited a higher prevalence of dyslipidemia, hypertension, higher
LVEF, moderate to severely abnormal LVMi, left ventricular (LV) gradient, and peak aortic jet
velocity. Conversely, men had a higher prevalence of AF, larger BSA, higher LVMi, and a higher
incidence of CAD (Table 1).

Table 1. Clinical characteristics, echocardiographic data, and surgical interventions of all patients, women, and

men with symptomatic severe aortic valve stenosis.

All patients Men Women

N=531 (%) N=283 (53.3) | N=248 (46.7) P
Age, mean (SD), y 74.7 (11.6) 74.1 (12.6) 755 (10.2)  [0.149
Time since baseline, mean (S[ 0.138
y 2.7 (1.2) 2.8 (1.3) 2.6 (1.2)
Dyslipidemia, No. (%) 177 (33.3) 81 (28.6) 96 (38.7)  0.014
Hypertension, No. (%) 390 (73.6) 192 (68.1) 198 (79.8)  {0.002
Diabetes, No. (%) 153 (28.8) 85 (30.0) 68 (27.4)  0.507
Smoking, No. (%) 43 (8.1) 23 (8.1) 20 (8.1) 0.979
Anemia, No. (%) 145 (27.3) 81 (28.6) 64 (25.8)  |0.468
Syncope, No. (%) 46 (8.7) 32 (11.3) 14 (5.7) 0.021
Angina, No. (%) 197 (37.1) 112 (39.6) 85(34.3) 0.207
Dyspnea, No. (%) 475 (89.5) 247 (87.3) 228 (91.9) 0.081
AF, No. (%) 33 (6.2) 24 (8.5) 9 (3.6) 0.021
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Weight, mean (SD), Kg 74.3 (14.3) 79.1 (13.0) 68.6 (13.6)  £0.001
BSA, mean (SD), m? 1.8 (0.2) 1.9 (0.2) 1.7 (0.2) £0.00]
LVEF, mean (SD), % 60.6 (9.6) 58.7 (10.7) 62.8(7.6)  £0.00]
LVMi, mean (SD), g/m? 118.6 (30.6) | 122.1(29.9) | 114.5(30.9) 0.004
LVMi moderate+severe 224 (42.2) 90 (31.8) 134 (54.0)  (0.001
LA Volume, mean (SD), ml 449 (15.2) 45.3 (14.5) 445 (16.0) 0.666
Peak Gradient, mean (SI 0.002
mmHg 79.8 (22.9) 76.9 (21.4) 83.1 (24.2)

Mean Gradient, mean (S[ 0.003
mmHg 50.5 (15.6) 48.6 (14.7) 52.6 (16.3)

Valve area, mean (SD), cm? 0.87 (2.42) 1.0 (3.3) 0.72 (0.19) 0.155
Peak Jet velocity, mean (S[ 0.002
m/s 4.4 (0.6) 4.3 (0.6) 4.5 (0.6)
Bicuspid / Tricuspid, No. (%) } (10.2) / 477 (89.) (10.6) / 253 (89.t (9.68) / 224 (90,0.725
CAD, No. (%) 279 (52.5) 172 (60.78) 107 (43.2)  (0.00]
AVR, No. (%) 162 (30.5) 91 (32.2) 71 (28.6)  |0.378
Valvuloplasty, No. (%) 13 (2.45) 10 (3.5) 3 (1.21) 0.084
TAVI, No. (%) 98 (18.5) 46 (16.3) 52 (20.97) 0.163
Death, No. (%) 165 (31.1) 89 (31.5) 76 (30.7)  0.842)
Cardiovascular death, No. (%] 148 (27.9) 79 (27.9) 69 (27.8)  0.921

Abbreviations: AF, atrial fibrillation; AVR, aortic valve replacement; BSA, body surface area; CAD, coronary

artery disease; LA, left atrial; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; PASP,

pulmonary artery systolic pressure; TAVI, transcatheter aortic valve implantation.

Survivors were more likely to have angina, higher LVEF, and to have undergone AVR or TAVL
In contrast, non-survivors had a higher prevalence of AF, elevated LVMi, and moderate to severely
abnormal LVMi and were more likely to have undergone valvuloplasty (Table 2).

Table 2. Clinical characteristics, echocardiographic data, and surgical interventions in patients with

symptomatic severe aortic valve stenosis: a comparative analysis of survivors and non-survivors.

All patients Survivors  |[Non-Survivors

N=531 (%) N=366 (68.9) | N=165(31.1) | p
Age, mean (SD), y 74.7 (11.6) 744 (11.3) 75.5(12.1) 0.133
Female, No. (%) 366 (68.9) 172 (47.0) 76 (46.1)  0.841
Time since baseline, mean (S[|
y 2.7 (1.2) 2.73 (1.2) 2.55(1.3) 0.146
Dyslipidemia, No. (%) 177 (33.3) 124 (33.4) 53(32.1) 0.691
Hypertension, No. (%) 390 (73.6) 270 (73.8) 120 (73.2)  0.885
Diabetes, No. (%) 153 (28.8) 101 (27.6) 52 (31.5) 0.356
Smoking, No. (%) 43 (8.1) 26 (7.1) 17 (10.3)  [0.211
Anemia, No. (%) 145 (27.3) 96 (26.2) 49 (29.7)  0.410
Syncope, No. (%) 46 (8.7) 35 (9.6) 11(6.7) 0.272
Angina, No. (%) 197 (37.1) 146 (39.9) 51(30.9) 0.047
Dyspnea, No. (%) 475 (89.5) 325 (88.8) 150 (90.9) 0.463
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AF, No. (%) 33 (6.2) 15 (4.1) 18 (10.9)  0.003
Weight, mean (SD), Kg 74.3 (14.3) 74.7 (14.2) 73.4 (14.6) 0.334
BSA, mean (SD), m? 1.8 (0.21) 1.8 (0.2) 1.7(02)  0.205
LVEF, mean (SD), % 60.6 (9.6) 61.4 (8.9) 58.8 (10.8) 0.008
LVMi, mean (SD), g/m? 118.6 (30.6) 115.5 (29.3) 125.3 (32.5) (0.001
LVMi moderate+severe 224 (42.2) 136 (37.2) 88 (53.3)  0.001
LA Volume, mean (SD), ml 449 (15.2) 444 (16.1) 46.3 (12.8) 0.246
Peak Gradient, mean (SL
mmHg 79.8 (22.9) 80.4 (23.3) 784 (22.0) 0.365
Mean Gradient, mean (S[
mmHg 50.5 (15.6) 50.6 (15.7) 50.4 (15.3) 0.894
Valve area, mean (SD), cm? 0.87 (2.42) 0.9 (2.9) 0.7 (0.2)  0.258
Peak Jet velocity, mean (SL
m/s 4.4 (0.6) 4.4 (0.6) 44(0.6) 0.359
Bicuspid / Tricuspid, No. (%) } (10.2) / 477 (89.¢ (11.5) / 324 (88.2 (7.2) / 153 (92.10.138
CAD, No. (%) 279 (52.5) 183 (50.0) 96 (58.1)  0.081
AVR, No. (%) 162 (30.5) 142 (38.8) 20 (12.1)  £0.001
Valvuloplasty, No. (%) 13 (2.45) 5 (1.37) 8 (4.9) 0.016
TAVI, No. (%) 98 (18.5) 85 (23.2) 13(7.9)  £0.00]

Abbreviations: AF, atrial fibrillation; AVR, aortic valve replacement; BSA, body surface area; CAD, coronary
artery disease; LA, left atrial; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; PASP,

pulmonary artery systolic pressure; TAVI, transcatheter aortic valve implantation.

Among survivors, women had higher rates of hypertension, LVEF, moderate to severely
abnormal LVMi, LV gradient, and peak aortic velocity. In contrast, men had a higher prevalence of
syncope, AF, larger BSA, higher LVMi, and CAD. During the study period of 2.7 + 1.2 years, 165
patients (31.1%) died, with 148 (90%) of these deaths attributed to cardiovascular disease, 79 (53.9%)
in men and 69 (46.1%) in women. There were 17 non-cardiovascular deaths (10%), including 8 (47.1%)
from COVID-19 (6 men, 2 women), 7 (41.2%) from cancer (2 men, 5 women), and 2 from sepsis (both
in men). Among the non-survivors, women had higher rates of dyslipidemia, elevated LVEF,
moderate to severely abnormal LVMi, higher LV gradient, peak aortic velocity, and lower valve area,
while men demonstrated a higher prevalence of diabetes, larger BSA, larger aortic valve area, and
CAD. Notably, women in the non-survivor group exhibited a significantly higher prevalence of
moderate to severely abnormal LVMi compared to men. LVEF was nearly significantly higher in both
surviving women (p = 0.056) and surviving men (p = 0.052) compared to non-surviving women and
men, respectively (Table 3).

Table 3. Clinical characteristics, echocardiographic data, and surgical interventions in women and men with

symptomatic severe aortic valve stenosis: a comparative analysis of survivors and non-survivors.

Survivors P Non-Survivors P
Men Women Men Women
N=194 (53) | N=172 (47) N=89 (53.9) | N=76 (46.1)
Age, mean (SD), y 75.1 (10.5) | 75.1 (10.8) D.792 73.9 (15.0) 73.0 (11.2) D.65(
Time since baseline, mean (SD), y 2.8(1.2) 27(1.1) D284 27(1.4) 24 (1.3) D.289
Dyslipidemia, No. (%) 59(30.4) | 65(37.8) D.137 22(24.7) 31(40.8) D.029
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Hypertension, No. (%) 127 (65.5) | 143 (83.1) [0.00] 65 (73.9) 55 (72.4) D.829
Diabetes, No. (%) 50 (25.8) | 51(29.7) D.40§ 35 (39.3) 17 (22.4) D.019
Smoking, No. (%) 16 (8.3) 10 (5.8) D.366 7(7.9) 10 (13.2)  D.265
Anemia, No. (%) 52 (26.8) | 44(25.6) D.791 29 (32.6) 20 (26.3) D.38(
Syncope, No. (%) 25 (12.9) 10 (5.8) D.022 7(7.9) 4 (5.3) 0.506
Angina, No. (%) 86 (44.3) | 60 (34.8) D.066 26 (29.2) 25(32.9) D.61q
Dyspnea, No. (%) 169 (87.1) | 156 (90.7) D.279 78 (87.6) 72 (94.7) D.114
AF, No. (%) 12 (6.19) 3(1.74) D.032 12(13.5) 6 (7.9) D.251
Weight, mean (SD), Kg 79.7 (12.6) | 69.0 (13.7) 10.00] 27.9(13.9) 67.6 (13.5) [0.00
BSA, mean (SD), m? 1.9 (0.2) 1.7 (0.2) [©0.00] 1.9(0.2) 1.7 (0.2) 10.00
LVEF, mean (SD), % 59.6 (9.7) | 63.4(6.9) [0.00] 56.7 (12.0) 61.3(8.7) D.00q
LVMi, mean (SD), g/m? 120.3 (29.1)|110.1 (28.5) [0.00] 125.9 (31.5) | 124.5 (33.8)* D.784
LVMi moderate+severe 60 (30.9) | 76 (44.2) D.009 30 (33.7) 58 (76.3)> 0.00
LA Volume, mean (SD), ml 44.8 (15.4) | 43.8(16.9) D.619 46.6 (12.2) 46.3 (13.7) D.995
Peak Gradient, mean (SD), mmHg | 77.6 (20.5) | 83.6 (25.8) D.01§ 75.4 (23.1) 82.0(20.2) D.057
Mean Gradient, mean (SD), mmHg | 48.9 (14.0) | 52.5(17.3) D.030 48.1 (16.1) 53.1(13.9) D.038
Valve area, mean (SD), cm? 1.1 (4.0) 0.7(0.2) D20 0.8(1.2) 0.7 (0.2) (0.00
Peak Jet velocity, mean (SD), m/s 4.4 (0.6) 4.5(0.7) D.023 4.3(0.7) 45 (0.6) D.039
23 (11.9)/171]19 (11.1)/153 L
] ) . ) 0.809 (7.9)/82 (92.1p (6.6)/71 (93.4).751
Bicuspid / Tricuspid, No. (%) (88.1) (88.9)
CAD, No. (%) 114 (58.8) | 69 (40.1) [0.00] 58 (65.2) 38 (50)  D.049
AVR, No. (%) 82 (42.3) | 60(34.9) D.14§ 9(10.1) 11 (14.5) D.392
Valvuloplasty, No. (%) 4(2.1) 1(0.6) D.223 6 (6.7) 2 (2.6) D.220
TAVI, No. (%) 38 (19.6) | 47 (27.3) D.08]1 8 (9.0) 5 (6.6) 0.567

ap<0.001, Survivors (women) vs. Non-Survivors (women). Abbreviations: AF, atrial fibrillation; AVR, aortic

valve replacement; BSA, body surface area; CAD, coronary artery disease; LA, left atrial; LVEF, left ventricular

ejection fraction; LVMi, left ventricular mass index; PASP, pulmonary artery systolic pressure; TAVI,

transcatheter aortic valve implantation.

Kaplan-Meier survival analysis showed a higher cumulative incidence of death in patients with

moderate to severely abnormal LVMi compared to patients with normal to slightly abnormal LVMi

(stratum 1 vs. 2; p = 0.031) (Figure 1).
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Figure 1. Kaplan-Meier curves showing the risk of death by left ventricular mass index (LVMi) in symptomatic

severe aortic stenosis.

A cumulative incidence of death was also higher in women with moderate to severely abnormal
LVMi compared to men with the same classification (stratum 4 vs. 2; p = 0.042). Additionally, women
with moderate to severely abnormal LVMi had a significantly higher incidence of death compared to
women with normal to slightly abnormal LVMi (stratum 4 vs. 3; p = 0.002) (Figure 2).

10
3|
“—\_ﬁ_
08
= 4
=
— Adjustment for Multiple Comparisons for the
3, I
e 1 Men; LVMi< 131 gim? Chi- [Pl
s e Stratum | Stratum | Square | Raw | Sidak
S
s > Men; LUMi > 131 gin® 1 Z 0.0872 | 0.7677 09998
= 04 1 3 12070 | 0.2719 | 0.8511
3 o
@ 3 Women; LVMI < 108 gim’® 1 4 41868 | 0.0407  0.2208
2 3 08417 | 03589  0.9306
4 Women; LVMI > 108 g/m® 2 4 7.2402 | 0.0071 00420
3 4 133510 0.0003 0.0015
0.2
00 . .
00 0S5 10 15 20 25 30
No. at risk
1 193 183 166 147 132 119 107
2 20 84 78 4l 64 61 S6
3 114 108 103 88 72 61 54
4 134 127 117 103 28 78 67
Time period,y

Figure 2. Kaplan-Meier curves showing risk of death based on left ventricular mass index (LVMi) in women and

men with symptomatic severe aortic stenosis.

Cox multivariate analysis identified LVMi [HR = 1.39 (95% CI: 1.02-1.90); p = 0.032], AF [HR =
1.68 (95% CI: 1.02-2.74); p = 0.038], as independent predictors of mortality, and valve intervention
[HR =0.47 (95% CI: 0.37-0.61); p < 0.001] the only predictor of survival in the overall cohort.

In women, LVMi [HR = 2.52 (95% CI: 1.48-4.28); p = 0.001], AF [HR = 2.77 (95% CI: 1.18-6.50); p
= 0.014], as independent predictors of mortality, and valve intervention [HR = 0.43 (95% CI: 0.30-
0.63); p <0.001] the significant predictor of survival. In men, after using the same covariates, less valve
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intervention [HR = 0.51 (95% CI: 0.37-0.71); p < 0.001] was the only predictor of death. Chi-square test
scores revealed LVMi (4.6) as the strongest predictor of death in the overall cohort, followed by AF
(4.3). Valve intervention was the only predictor for survivors (40.3). In women, LVMi (11.7) was the
most robust predictor of death, followed by AF (6.0) and valve intervention (23.3) for survival. In
men, valve intervention (23.3) was the only predictor for survival.

4. Discussion

Our study identified a strong, statistically significant correlation between LVMi and mortality
in women with symptomatic severe AS, establishing LVMi as the most robust predictor of death in
this group. These findings are consistent with previous research [18,19], including the PARTNER
Trials and Registries [20], which showed that elevated LVMi is independently associated with all-
cause and cardiovascular mortality, even after adjusting for various covariates. Similar to our results,
previous studies also found that LVMi serves as an independent predictor of both all-cause and
cardiovascular death in women but not in men [14,21,22].

LVMi is well-established as a prognostic marker, with higher values strongly linked to an
increased risk of cardiovascular events in patients with AS. Elevated LVMIi has been consistently
shown to predict adverse outcomes, emphasizing its role as a critical indicator of prognosis in women
with severe AS.

In our study, men exhibited overall higher LVMi values. However, when classified by sex-
specific thresholds for moderate and severe LVMi, women showed a higher prevalence of elevated
LVMi. This finding is consistent with previous studies [23-25]. Despite these observations, the
differences in prognosis and optimal mortality predictors between women and men with
symptomatic severe AS awaiting surgical intervention remain insufficiently explored.

It is understood that women with moderate to severe LVMi face a worse prognosis compared to
men with similar LVMi levels. Several factors help explain this gender disparity. Women often exhibit
more pronounced concentric remodeling and hypertrophy than men [26]. They tend to have a more
concentric LV remodeling pattern with higher relative wall thickness and smaller LV dimensions.
This pattern of concentric hypertrophy has a significantly greater impact on prognosis in women.
Additionally, outcomes following AVR indicate that residual left ventricular hypertrophy (LVH) is
linked to increased mortality. This link is considerably stronger in women, suggesting that they are
more negatively affected by residual LVH than men [27]. Women may also develop a more intense
form of concentric remodeling and hypertrophy in response to pressure overload. Compared to men,
this condition results in a more significant reduction in LV cavity size, decreased LV compliance,
impaired LV filling and pump function, and reduced stroke volume [28]. Women might be more
prone to developing diffuse myocardial fibrosis, which can be detected by cardiac magnetic
resonance imaging, regardless of the severity of AS [29].

There is ongoing debate regarding whether diffuse myocardial fibrosis is more prevalent in
women, and the mechanisms behind sex-related differences in LV remodeling and fibrosis remain
unclear [30-32]. A recent study on patients with severe AS undergoing AVR found that women had
less replacement fibrosis compared to men. However, while women exhibited lower overall mortality
than men, replacement fibrosis in both sexes was associated with LV decompensation and increased
post-AVR mortality. These findings suggest that, despite the lower fibrosis in women, the extent of
fibrosis remains a significant factor influencing mortality in both genders [33].

The mechanism behind sex differences in myocardial fibrosis remains unclear. Sex hormones,
particularly estrogen and testosterone, influence fibrosis, with estrogen offering cardioprotection in
women and testosterone promoting hypertrophy and fibrosis in men [34,35]. However, since most
patients with AS are over 60, the role of estrogen in postmenopausal women is not fully understood
[36]. The loss of estrogen after menopause could increase vulnerability to heightened LV wall stress,
myocardial ischemia, LVM, and fibrosis, which tend to escalate with age in women but not in men
[37,38].
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Studies suggest that estrogen may downregulate the expression of collagen I and III genes in
female but not male cardiac fibroblasts [39], thereby inhibiting fibroblast proliferation and reducing
overall collagen protein synthesis [40]. Despite these findings, the precise role of estrogen in the
fibrotic process for postmenopausal women with AS requires further exploration. The absence of
estrogen might contribute to increased susceptibility to LV wall stress and ischemia in aging women,
but this hypothesis warrants deeper investigation in future studies.

Moreover, various factors reduce coronary blood flow in patients with concentric LVH,
including diminished perfusion pressure, external compressive forces, shortened diastolic perfusion
time, and reduced microvascular density [41,42]. Elevated intracavitary pressure worsens these
forces, increasing the risk of myocardial ischemia and related complications due to compromised
perfusion.

These changes redirect blood flow from the endocardium to the epicardium, resulting in a
significant reduction in subendocardial myocardial perfusion [43]. This reversal of the typical
endocardial-to-epicardial blood flow gradient at rest is a key factor in AS pathophysiology, leading
to subendocardial ischemia, cell death, and fibrosis. Our study also found that AF was an
independent predictor of higher mortality, which aligns with established literature [44]. The link
between AF and poor outcomes is well-documented. AF is recognized as a significant risk factor for
mortality due to its association with complications like stroke and heart failure. The consistency of
our findings with existing research underscores the crucial importance of monitoring and managing
these factors to enhance patient outcomes.

This study has several limitations. As a single-center retrospective observational analysis, its
generalizability is limited to other settings with different patient demographics, clinical practices, and
treatment protocols. While the findings offer valuable insights, they require validation through
larger, multicenter, randomized studies to ensure broader applicability. Additionally,
echocardiography, commonly used to measure LVMi in aortic valve stenosis patients, is less accurate
than advanced imaging techniques like magnetic resonance imaging or computed tomography,
potentially introducing measurement variability. Furthermore, key clinical data, such as pulmonary
artery systolic pressure, were not consistently available, potentially limiting the comprehensive
assessment of patients' cardiovascular profiles. Additionally, no invasive or non-invasive evaluations
of microvascular dysfunction were performed in the cohort to assess ischemia with or without
obstructive coronary disease.

Lastly, as this was an observational study, potential residual confounding factors cannot be
entirely ruled out, despite our adjustment for relevant variables.

Despite these limitations, the robustness of the study’s findings is reinforced by the analysis of
a large, consecutive series of patients undergoing the same procedure, which reduces variability and
highlights consistent patterns in outcomes.

5. Conclusions

Cox multivariate analysis revealed that LVMi and AF are independent predictors of mortality.
Notably, in women, LVMi, AF, and less valve intervention were significantly associated with an
increased risk of death. In contrast, less valve intervention was an independent predictor of mortality
identified in men. These findings indicate that elevated LVMi serves as a critical predictor of
mortality, particularly in the female population, highlighting the necessity for targeted interventions
to address this demographic's unique risks. Further randomized studies are essential to validate these
results and explore potential therapeutic strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

AS Aortic stenosis

LVM Left ventricular mass

LVMi Left ventricular mass index

LVEF Left ventricular ejection fraction
AF Atrial fibrillation

AVA Aortic valve area

LVH Left ventricular hypertrophy

AVR Aortic valve replacement

TAVI Transcatheter aortic valve implantation
CAD Coronary artery disease

PASP Pulmonary artery systolic pressure
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