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Sex-Associated Disparities in Surgical 
and Percutaneous Management of 
Aortic Stenosis With Severe Features: 
Retrospective Analysis From the National 
Readmission Database
Gianluca Castaldi , MD; Andrija Matetić , PhD; Rodrigo Bagur , PhD; J. D. Abbott , MD; 
Mirvat Alasnag , MD; Alaide Chieffo , MD; Harindra C. Wijeysundera , PhD; Mamas A. Mamas , PhD

BACKGROUND: Referral for valve intervention for severe aortic stenosis (AS) may exhibit sex-associated disparities independent 
of the growth of transcatheter interventions. This study aimed to determine whether there were sex-associated differences in 
the use of aortic valve replacement (AVR), either surgical or transcatheter, in patients with aortic stenosis and severe features 
from a national cohort of patients.

METHODS: Using the National Readmission Database, all patients with an index diagnosis of AS between January 2015 and 
December 2019 were included and stratified by their 90-day readmission status and sex. AS with severe features was defined 
as the combination of primary- or secondary-coded diagnosis of AS in combination with heart failure, syncope, angina 
pectoris, cardiac arrest, or cardiogenic shock. A 1:1 nested case–control matching was performed to account for competing 
risk. The main investigated outcome was the sex-associated rate of AVR in the 90 days after index hospitalization.

RESULTS: A total of 31 712 matched weighted discharges were included in the analysis, 16 597 men (52.3%) and 15 116 women 
(47.7%). At 90 days, the rate of AVR was significantly lower in women (45.7% versus 53.6%, P<0.001) with significant difference 
for both surgical (P<0.001) and transcatheter (P=0.010) interventions. After multivariable adjustment, these differences 
persisted with women significantly less likely to receive AVR (adjusted odds ratio [aOR], 0.67 [95% CI, 0.63–0.71], P<0.001), 
either surgical AVR (aOR, 0.48 [95% CI, 0.43–0.54], P<0.001) or transcatheter aortic valve implantation (aOR, 0.79 [95% CI, 
0.75–0.84], P<0.001).

CONCLUSIONS: The use of surgical AVR and transcatheter aortic valve implantation was significantly lower in female patients 
with AS and severe features independent from patient- and hospital-level characteristics.
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Aortic stenosis (AS) represents an increasing so-
cial and economic burden worldwide and poses 
a relevant future challenge for health care sys-

tems.1,2 Historically, female patients with severe AS 

have been more frequently rejected for surgical aortic 
valve replacement (SAVR), mainly because of a greater 
risk of perioperative complications.3 The recent insur-
gence of transcatheter aortic valve implantation (TAVI) 

Correspondence to: Mamas A. Mamas, PhD, Keele Cardiovascular Research Group, Centre for Prognosis Research, Keele University, Stoke-on-Trent, UK. 
Email: mamasmamas1@yahoo.co.uk

This article was sent to Amgad Mentias, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https://​www.​ahajo​urnals.​org/​doi/​suppl/​​10.​1161/​JAHA.​124.​038463

For Disclosures and Sources of Fundings, see page 15.

© 2025 The Author(s). Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 20, 2026

https://orcid.org/0000-0002-5625-3176
https://orcid.org/0000-0001-9272-6906
https://orcid.org/0000-0003-1888-9429
https://orcid.org/0000-0002-2560-0155
https://orcid.org/0000-0002-8714-0334
https://orcid.org/0000-0002-3505-9112
https://orcid.org/0000-0001-8464-1080
https://orcid.org/0000-0001-9241-8890
mailto:
mailto:mamasmamas1@yahoo.co.uk
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.124.038463
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.124.038463&domain=pdf&date_stamp=2025-05-15


J Am Heart Assoc. 2025;14:e038463. DOI: 10.1161/JAHA.124.038463� 2

Castaldi et al� Sex Disparities in Aortic Stenosis Treatment

has allowed improved therapeutic delivery to a broader 
population, representing an important treatment para-
digm shift.4

Both European and US guidelines for the manage-
ment of valvular heart diseases give a class Ia recom-
mendation for intervention in adults with documented 
severe AS and symptoms of dyspnea, heart failure, 
angina, and syncope.5,6 Nevertheless, emerging ev-
idence suggests continued disparities in the use of 
treatment strategies between male and female pa-
tients.7–12 Although much of the previous literature has 
focused on the imbalance in the prevalence of men 
and women treated with TAVR, it is not clear whether 
such differences are merely a reflection of sex-related 
differences in the indication for aortic interventions or 
related to systematic disparities in referral for those 
with an indication for intervention. Different underlying 
mechanisms have been previously outlined to explain 
such management disparities. On one hand, advanced 

age at presentation, lower body surface area, and 
smaller vessels portend women at higher risk for pro-
cedural bleeding and vascular complications.13 On the 
other hand, several studies have highlighted the po-
tential underreferral of female patients compared with 
male patients indicating potential sex-related barriers 
to treatment provision7 despite proven favorable out-
comes.14 Yet, the literature lacks robust contemporary 
data in this field to determine the existence of sex-
associated referral disparities in the real-world popula-
tion with severe symptomatic AS.

Therefore, this study aimed to investigate a na-
tionally representative population-based sample for 
the presence of actual sex-associated disparities in 
referral to AVR therapy, either surgical or transcath-
eter, in patients with AS hospitalized with guideline-
recommended indications to intervention.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. The analysis uses anonymized data. 
Ethical approval and consent were not required.

The Nationwide Readmission Database (NRD) is 
a publicly available anonymized data set produced 
by the Agency for Healthcare Research and Quality’s 
Healthcare Cost and Utilization Project. The NRD is 
designed to accommodate analyses of national read-
mission rates for all the payers and insured individuals 
in the United States. It is drawn from Healthcare Cost 
and Utilization Project State Inpatient Databases that 
contain verified patient linkage numbers that can be 
used to track a patient across hospitals within a state, 
within a calendar year. Each year is independent and 
there are no linkages across years. The NRD accounts 
for about 61.2% of the total US resident population 
and 59.6% of all US hospitalizations (unweighted dis-
charges). Discharge weights are then calculated using 
poststratification on hospital and patient characteris-
tics and applied to the unweighted data, allowing the 
estimate of the number of discharges for the target 
NRD universe.15

This study enrolled a sample of case controls of 
adult patients with AS and severe features in the NRD 
between January 2015 and December 2019. Using 
the International Classification of Diseases, Tenth 
Revision (ICD-10), AS with guideline-recommended in-
dication to intervention was defined as the primary- or 
secondary-coded diagnosis of AS (I35.0, I35.2, I06.0, 
I06.2) in combination with the primary- or secondary-
coded diagnosis of congestive heart failure (ICD-
10: I110, I130, I132, I0981, I50, I50.1, I50.20, I50.21, 
I50.23, I50.30, I50.31, I50.32, I50.33, I50.40, I50.41, 
I50.43, I50.8, I50.81, I50.810, I50.811, I50.812, I50.813, 

CLINICAL PERSPECTIVES

What Is New?
•	 In this nationally-based cohort of weighted dis-

charges with aortic stenosis and severe clinical 
features, after 1:1 nested case–control match-
ing, we observed a significantly reduced rate of 
aortic valve replacement in women compared 
with men, for both surgical and transcatheter 
valve replacement.

What Are the Clinical Implications?
•	 The observed sex disparity provides insights for 

the improvement of the theragnostic workup in 
patients with aortic stenosis.

•	 The implementation of sex-specific hemody-
namic indexes could potentially improve the 
prognosis of female patients with symptomatic 
aortic stenosis allowing a probable more ad-
equate clinical stratification.

•	 Further educational and political efforts must 
be made at a national level to tailor diagnostic 
workup in the case of female patients with 
symptomatic aortic stenosis and deliver the 
appropriate intervention.

Nonstandard Abbreviations and Acronyms

AS	 aortic stenosis
AVR	 aortic valve replacement
NRD	 National Readmission Database
SAVR	 surgical aortic valve replacement
TAVI	 transcatheter aortic valve implantation
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I50.814, I50.82, I50.83, I50.84, I50.89, I50.9), syncope 
(R55), angina pectoris (I20.8, I20.9, R072, R078.9, R09, 
I20.0), cardiac arrest (I46, I46.2, I46.8, I46.9), or car-
diogenic shock (R57.0). Exclusion criteria were index 
discharge between October to December (n=45 543 
weighted cases), elective index admission (n=4708 
weighted cases), age <18 years (n=38 weighted cases), 
history of prior valve replacement or combined valve 
surgery (n=8340 weighted cases), and SAVR or TAVI 
during index admission (n=1176 weighted discharges). 
Patients with missing data regarding age, sex, in-
hospital death, length of stay, expected primary payer, 
and total charges at discharge (n=865 weighted cases) 
were also excluded. AVR was defined according to the 
relative ICD-10 Procedure Coding System (ICD-10-
PCS) as either SAVR (02RF07Z, 02RF08Z, 02RF0JZ, 
02RF0KZ) or TAVI (02RF37H, 02RF37Z, 02RF38H, 
02RF38Z, 03RF38Z, 02RF3jH, 02RF3JZ, 02RF3KH, 
02RF3KZ).

Costs for admissions and readmissions were es-
timated by considering the total charge multiplied by 
the charge-to-cost ratio as per Healthcare Cost and 
Utilization Project recommendations. Patient demo-
graphics, comorbidities, hospital characteristics, and 
other inpatient variables were derived from data sets 
available in the NRD, Agency for Healthcare Research 
and Quality comorbidity measure and ICD-10 diagno-
sis and procedure codes as described in Table S1.

The primary outcome of this study was the sex-
associated rates of AVR in the 90 days after index 
hospitalization. Secondary outcome was the sex-
associated in-hospital mortality rates in patients re-
ceiving AVR in the 90 days after index hospitalization.

All statistical analyses were performed using SPSS 
version 26 (IBM Corp, Armonk, NY), STATA version 14 
(StataCorp LLC, College Station, TX) and GraphPad 
Prism version 9.0.0 (GraphPad Software, Boston, MA). 
To address potential competing risks and selection 
bias,16,17 we implemented a standard nested case–
control matching analysis with a 1:1 ratio using the 
SPSS algorithm. The study population was defined as 
cases presenting with severe AS features at the time of 
index admission. From this cohort, we identified cases 
who underwent AVR within 90 days and matched 
them randomly (1:1) with controls who were readmitted 
within the same 90-day period but did not receive AVR. 
This matching was performed through SPSS using 
the standard case–control matching command (fuzzy 
matching variable with “0” match tolerance=90-day re-
admissions; demander/supplier indicator variable=90-
day AVR). In addition, we stratified the sample by sex to 
explore potential sex-related differences in outcomes. 
Using this algorithmic approach (Figure  1), the bal-
anced sample of 1:1 matched cases receiving and not 
receiving AVR at 90 days was defined.

Statistical Analysis
Continuous variables were summarized using median 
and interquartile range (IQR) and compared using 
the Mann–Whitney U test. Categorical variables were 
summarized as percentages (%) and compared using 
the chi-square test. Multivariable conditional logistic 
regression was performed to determine the respec-
tive adjusted odds ratios (aOR) with 95% CI for AVR, 
SAVR, and TAVI in the matched cohorts. The vari-
ables included in the models were a priori determined 
based on their clinical relevance. The logistic regres-
sion models were adjusted for the following variables: 
age, primary expected payer, median household in-
come, residency same state admission hospital, hos-
pital bed size, region and teaching status, length of 
stay, diabetes, hypertension, obesity, chronic lung dis-
ease, arrhythmias, chronic liver disease, solid cancer, 
peripheral vascular disease, renal failure, prior percu-
taneous coronary intervention, prior coronary artery 
bypass grafting, prior myocardial infarction, primary 
index diagnosis angina, primary index diagnosis heart 
failure, and primary index diagnosis syncope. Results 
were determined significant at the level of P<0.05.

RESULTS
From the 114 351 118 weighted discharges with AS ex-
tracted from the NRD, after application of exclusion and 
criteria, a total of 207 486 cases with AS with severe 
features were initially screened. Nested 1:1 case–con-
trol matching was performed as previously illustrated 
and a total of 31 712 matched weighted discharges 
with readmission within 90 days were included in the 
final analysis (Figure 2).

The median age of the global cohort was 81 years 
(IQR, 74–88 years) with 72.5% being ≥75 years old. 
Among this cohort, 16 597 (52.3%) were male and 
15 116 (47.7%) were female. When looking at the 
primary-coded principal admission diagnoses, heart 
failure was the most frequent (71%), followed by aortic 
stenosis (24.9%), syncope (2.2%), and angina (1.8%). 
The most frequent associated clinical conditions were 
arrhythmias (55.0%) and renal failure (48.2%) and hy-
pertension, chronic pulmonary disease, and obesity 
were the most prevalent associated comorbidities 
(91.1%, 34.8%, and 20.6%, respectively).

Patient- and hospital-level characteristics at index 
admission were distinctly different between sexes, 
as shown in Tables  1 and 2 and Figure  S1. Female 
patients were significantly older than male patients 
(median age: 83; IQR, 75–89 years versus 80, IQR, 
72–87 years; P<0.001) with a higher proportion of pa-
tients aged ≥75 years (77.8% versus 67.7%, P<0.001). 
Arrhythmias and renal failure were significantly more 
prevalent in men (75.2% versus 52.6%, P<0.001; 51.5% 
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Figure 1.  Graphical illustration of the nested case–control 1:1 matching algorithm.
AS indicates aortic stenosis; and AVR, aortic valve replacement.
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versus 44.6%, P<0.001) whereas obesity (22.1% versus 
19.2%, P<0.001), anemia (9.9% versus 8.4%, P<0.001), 
and depression (13.0% versus 7.9%, P<0.001) were 
more prevalent in women. More frequently, male pa-
tients had a previous history of coronary artery bypass 
grafting (19.9% versus 8.7%, P<0.001), myocardial in-
farction (15.7% versus 9.9%, P<0.001), and percutane-
ous coronary intervention (2.0% versus 1.5%, P<0.001).

At 90 days, 50.0% of patients received AVR: 10.3% 
SAVR and 39.7% TAVI. Men were significantly more 
likely to receive AVR (53.6% versus 45.7%, P<0.001) 
than women, either SAVR (13.3% versus 6.9%, 
P<0.001) or TAVI (40.3% versus 38.8%, P=0.010) 
(Table 3). Stratifying weighted discharges according to 
AVR status (Table 4), patients who received AVR in the 

90 days after index admission were younger (median 
age 80, IQR, 72–86 years versus 83, IQR, 75–89 years, 
P<0.001) with a less severe clinical presentation and 
lower risk of in-hospital mortality, described by higher 
All Patient Refined-Diagnosis Related Group scores 
(extreme severity of illness: 11.6% versus 14.5%, 
P<0.001; extreme risk of mortality: 14.2% versus 
18.8%, P<0.001) with lower prevalence of arrhythmias 
(50.0% versus 59.9%, P<0.002) and renal failure (40.3% 
versus 56.1%, P<0.001). Moreover, patients receiving 
AVR were more likely hospitalized in large and teach-
ing hospitals (large bed size of hospital 62.0% versus 
48.4%, P<0.001; teaching status 76.4% versus 63.9%, 
P<0.001). Finally, in the multivariate logistic model, fe-
male sex was a variable independently associated with 

Figure 2.  Flow diagram of the study.
SAVR indicates surgical aortic valve replacement; and TAVI, transcatheter aortic valve implantation.
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Table 1.  Baseline and Hospital-Level Characteristics at Index Admission of Patients With Severe AS Features, According 
to Sex

Characteristics Full selected cohort (100.0%) Male sex (52.3%) Female sex (47.7%) P value*

Number of weighted discharges 31 712 16 597 15 116 …

Age (y), median (IQR) 81 (74–88) 80 (72–87) 83 (75–89) <0.001†

Age categories (y) <0.001†

<65 10.1 14.0 8.0 …

65–74 16.3 18.3 14.2 …

≥75 72.5 67.7 77.8 …

Primary expected payer (%) <0.001†

Medicare 88.7 85.9 91.7 …

Medicaid 2.5 2.7 2.2 …

Private insurance 6.8 8.2 5.2 …

Self-pay 0.7 0.9 0.4 …

Other 1.4 2.2 0.5 …

Median household income quartiles (%) 0.001†

0–25th 24.7 24.1 25.3 …

26th–50th 27.7 27.6 27.7 …

51st–75th 25.6 25.4 25.9 …

76th–100th 22.0 22.9 21.1 …

Resident in hospital state, % 94.5 94.0 95.0 <0.001†

Weekend admission, % 23.2 22.8 23.7 0.056

APR-DRG: severity of illness, % <0.001†

Minor 6.1 6.1 6.0 …

Moderate 34.0 34.2 33.9 …

Major 46.9 47.6 46.0 …

Extreme 13.0 12.1 14.1 …

APR-DRG: risk of mortality, % <0.001†

Minor 4.4 4.9 3.9 …

Moderate 32.2 32.1 32.3 …

Major 46.9 47.4 46.4 …

Extreme 16.5 15.6 17.4 …

Associated conditions and comorbidities, %

Arrhythmias 55.0 57.2 52.6 <0.001†

Renal failure 48.2 51.5 44.6 <0.001†

Obesity 20.6 19.2 22.1 <0.001†

Arterial hypertension 91.1 90.6 91.8 <0.001†

Diabetes 16.3 16.3 16.3 0.995

Peripheral vascular disease 15.1 16.9 13.1 <0.001†

Previous myocardial infarction 12.9 15.7 9.9 <0.001†

Previous PCI 1.8 2.0 1.5 0.001†

Previous CABG 14.5 19.9 8.7 <0.001†

Anemia 9.1 8.4 9.9 <0.001†

Chronic pulmonary disease 34.8 34.6 35.1 0.299

Coagulopathy 6.4 7.5 5.1 <0.001†

Chronic liver disease 3.3 3.9 2.8 <0.001†

Neurologic disorder 3.2 3.6 2.7 0.002†

Solid cancer 2.7 3.1 2.4 <0.001†

Metastatic cancer 0.9 0.9 0.8 0.159†

Depression 10.4 7.9 13.0 <0.001†

 (Continued)
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less probability of receiving AVR (aOR, 0.67 [95% CI, 
0.63–0.71], P<0.001), SAVR (aOR, 0.48 [95% CI, 0.43–
0.54], P<0.001) and TAVI (aOR, 0.79 [95% CI, 0.75–
0.84], P<0.001) (Tables 5, 6 and 7, Figure 3).

The in-hospital mortality rates in patients who un-
derwent AVR within the 90 days after index admission 
were similar between sexes (male 4.3% versus female 
4.6%, P=0.397). However, the in-hospital mortality rate 
in patients was significantly higher in women com-
pared with men in case of SAVR (6.8% versus 4.8%, 
P=0.023) but not in the case of TAVI (4.3% versus 
4.2%) (Table S2)

DISCUSSION
This national-level study reports important contempo-
rary data on sex-associated differences in guideline-
recommended intervention for AS. Two important 
findings of this study should be pointed out. First, 
female patients with AS and severe features receive 
significantly fewer AVRs, either surgical or transcath-
eter, up to 90 days after index admission irrespective 
of patient- and hospital-level characteristics. Second, 
compared with men the 90-day in-hospital mortal-
ity of female patients was significantly higher in those 
who underwent SAVR but not in those who underwent 
TAVI. In comparison with previous studies that focused 

on a posteriori differences in outcomes between sexes 
after AVR, either SAVR or TAVI, this is the first study to 
date that directly addresses the potential presence of 
a priori disparities between sexes in referral to AVR in 
patients with AS and severe features.

The relationship between female sex and use of 
SAVR and TAVI is controversial18 and is mostly derived 
from subgroup analyses of large trials.19–21 These tri-
als do not provide insights into whether women are at 
a disadvantage in receiving treatment for severe AS. 
Thus, further real-world studies are necessary to pro-
vide insights into sex disparities in referrals for AS.

Female sex per se is an important component of 
most perioperative risk scores in cardiac surgery.22–25 
However, how and to what extent sex should weigh 
on the decision-making process when choosing AVR 
options has long been debated.26 Despite some in-
herent anatomical characteristics that can potentially 
affect mid- and long-term prognosis (eg, smaller av-
erage aortic annulus), the differences in short-term 
mortality associated with SAVR8,27,28 have been shown 
to be related not to sex itself but to the older age of 
presentation and the different preoperative risk profiles 
women present at the time of surgery (eg, diabetes, 
hypertension, congestive heart failure, etc.).29,30 In 
some cases, this might lead to female patients being 
assessed as having a higher risk, potentially influencing 

Characteristics Full selected cohort (100.0%) Male sex (52.3%) Female sex (47.7%) P value*

Procedures during index hospitalization, %

PCI 4.7 5.4 3.9 <0.001†

CABG 0.1 0.1 <0.1 0.091

Permanent pacemaker 1.1 1.1 1.0 0.340

Bed size of hospital, % 0.601

Small 16.5 16.2 16.8 …

Medium 28.3 28.1 28.6 …

Large 55.2 55.7 54.6 …

Teaching hospital, % 70.1 70.6 69.7 0.096

Hospital location, % <0.001†

Large urban metropolitan 55.8 55.4 56.2 …

Small metropolitan 36.8 37.4 36.1 …

Micropolitan or nonmetropolitan 7.4 7.1 7.7 …

Length of index hospital stay, d, median 
(IQR)

4 (2–6) 4 (2–6) 4 (3–7)

Hospital ownership, % <0.001†

Government, nonfederal 8.5 9.1 7.9 …

Private, nonprofit 78.7 78.6 78.8 …

Private, invest-own 12.8 12.3 13.2 …

Total costs, US dollars, median (IQR) 9674 (5750–16 322) 9977 (5688–16 832) 9402 (5807–15 812) <0.001†

APR-DRG indicates all patient refined-diagnosis related group; AS, aortic stenosis; CABG, coronary artery bypass graft; IQR, interquartile range; and PCI, 
percutaneous coronary intervention.

*Comparison between male and female patients.
†P < 0.05.

Table 1.  Continued
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the decision to proceed with surgery. Therefore, use of 
validated risk stratification tools to calculate objective 
measures of risk and a multidisciplinary approach to 
valvular disease is crucial. All patients considered for 
valve intervention should be evaluated by a heart team, 
which represents a cornerstone element of the clinical 
decision-making process in both US and European 
guidelines for the management of valvular diseases.5,6 
Notably, short-term mortality in TAVI did not ap-
pear to be significantly different between the sexes 
in all the largest trials involving symptomatic AS with 
intermediate-high surgical risk, potentially neutralizing, 
and to some extent even reversing, the sex disparity 
in short-term mortality seen with SAVR.26 However, in 
our analysis, we showed that in an all-comers national-
representative cohort, despite correction for multiple 
clinical variables and irrespective of the modality of 
intervention, either surgical or transcatheter, women 
received significantly fewer AVRs than men. Hence, 
other factors beyond baseline clinical risk profile must 
play a role in this sex disparity.

Progression of AS shows different patterns be-
tween sexes with profound differences in anatomi-
cal macro- and microstructural architecture: at equal 
Doppler-derived gradients women tend to develop 
lower degrees of aortic valve calcification but thicker 
and more fibrotic left ventricular with smaller cavities 
compared with men, who, on the contrary, tend to 

develop dilated cardiomyopathy with progressive sys-
tolic dysfunction.9,13,31,32 Thus, the different left ventric-
ular adaptive remodeling can lead to more pronounced 
symptoms even with lower pressure gradients con-
tributing to later treatment in women and consequent 
reduced survival probability at follow-up.9,33 A multi-
parametric and comprehensive echocardiographic 
multiwindow approach, coupled with an appropri-
ate use of multimodality imaging, is therefore even 
more important in women34: Bienjonetti-Boudreau 
et al. have previously shown that female patients with 
AS more frequently presented with discordant low-
gradient phenotype (mean gradient <40 mm Hg and 
indexed calculated area <0.6 cm2/m2) and that this 
group showed a statistical significant adjusted higher 
mortality at 1 year in women especially when initially 
nontreated.35 Therefore, in female patients with symp-
tomatic AS it is even more important for a comprehen-
sive multiwindow echocardiographic assessment to 
appropriately define hemodynamics, flow status, and 
ventricular-arterial coupling (eg, systematic implemen-
tation of right parasternal axis, flow rate, and valvulo-
arterial impedance assessment in case of discordant 
elements).36–38 In case of persistent discordance be-
tween these measurements, then dobutamine stress 
echo to ascertain flow status and contractile reserve 
can be performed5 as well as other noninvasive im-
aging modalities such as computed tomography and 

Table 2.  Principal Admission Causes at Index Admission of Patients With Severe AS Features According to Sex

Primary discharge diagnosis at 
index admissions Full selected cohort (100.0%) Male sex (52.3%) Female sex (47.7%) P value*

Number of weighted discharges 31 712 16 597 15 116 …

Aortic stenosis 24.9 26.0 23.8 <0.001†

Heart failure 71.0 70.0 72.1 <0.001†

Syncope 2.2 2.3 2.2 0.829

Angina pectoris 1.8 1.7 1.9 0.157

Cardiac arrest <0.1 0.1 <0.1 0.032†

Cardiogenic shock <0.1 <0.1 <0.1 0.482

AS indicates aortic stenosis.
*Comparison between male and female patients.
†P < 0.05.

Table 3.  Receipt of Surgical or Percutaneous Aortic Valve Intervention (SAVR or TAVI) of Patients With Severe AS Features 
According to Sex

Outcomes Full selected cohort (100.0%) Male sex (52.3%) Female sex (47.7%) P value*

Number of weighted discharges 31 712 16 597 15 116 …

AVR at 90 d, % 50.0 53.6 45.7 <0.001†

SAVR, % 10.3 13.3 6.9 <0.001†

TAVI, % 39.7 40.3 38.8 0.010†

AS indicates aortic stenosis; AVR, aortic valve replacement; SAVR, surgical aortic valve replacement; and TAVI, transcatheter aortic valve implantation.
*Comparison between male and female patients.
†P < 0.05.
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magnetic resonance, not only for calcium quantifica-
tion but also to better define flow status, left ventricular 
adaptive remodeling, and fibrosis distribution.39 Finally, 
symptomatic moderate AS, irrespective of sex, is as-
sociated with impaired survival and increased heart 
failure hospitalizations, probably evidencing the initial 
uncoupling between left ventricular contractile capac-
ity and the valvuloarterial impedance and demarking 
a potentially higher risk of accelerated progression 

to severe stenosis.40,41 In the meta-analysis of Franke 
et  al.42 intervention on moderate AS with AVR, ei-
ther surgical or percutaneous, showed a significant 
mortality reduction (45% decreased risk of all-cause 
mortality). However, more data from the ongoing ran-
domized trials investigating the potential benefit of 
early intervention in moderate AS, namely PROGRESS 
TAVR (A Prospective, Randomized, Controlled Trial to 
Assess the Management of Moderate Aortic Stenosis 

Table 5.  Conditional Logistic Multivariable Model 
with Adjusted Odds Ratio and 95% CI for Aortic Valve 
Replacement, Either Surgical or Percutaneous, in 
Readmitted Patients With Severe AS Features, After 1:1 
Matching

Variables

AVR

aOR (95% CI) P value

Female sex 0.67 (0.63–0.71) <0.001†

Age 0.97 (0.96–0.97) <0.001†

Hospital bed size*

Medium 1.22 (1.13–1.34) <0.001†

Large 1.57 (1.45–1.70) <0.001†

Length of stay 1.00 (0.99–1.01) 0.476

Primary expected payer*

Medicaid 1.09 (0.96–1.22) 0.186

Private insurance 0.81 (0.55–1.17) 0.256

Resident in same hospital 
state

0.76 (0.66–0.88) <0.001†

Median household income 
(highest quartile)*

1.37 (1.26–1.49) <0.001†

Hospital teaching status* 1.22 (1.14–1.31) <0.001†

Diabetes 1.08 (1.00–1.17) 0.047†

Hypertension 0.99 (0.89–1.01) 0.770

Anemia 0.87 (0.79–0.96) <0.001†

Renal failure 0.58 (0.55–0.62) <0.001†

Arrhythmias 0.73 (0.69–0.77) <0.001†

Chronic pulmonary disease 0.68 (0.64–0.72) <0.001†

Liver disease 0.63 (0.54–0.75) <0.001†

Solid cancer 0.67 (0.56–0.79) <0.001†

Peripheral vessel disease 1.17 (1.08–1.27) <0.001†

Prior myocardial infarction 0.76 (0.69–0.83) <0.001†

Prior PCI 0.97 (0.77–1.22) 0.803

Prior CABG 0.78 (0.72–0.85) <0.001†

The following variables have been included in the logistic regression 
models: age, sex, primary expected payer, median household income, 
residency in same state as admission hospital, hospital bed size, hospital 
teaching status, length of stay, diabetes, hypertension, anemia, chronic 
lung disease, arrhythmias, chronic liver disease, solid cancer, peripheral 
vascular disease, renal failure, prior PCI, prior CABG, and prior myocardial 
infarction. aOR indicates adjusted odds ratio; AS, aortic stenosis; AVR, 
aortic valve replacement; CABG, coronary artery bypass grafting; and PCI, 
percutaneous coronary intervention.

*Reference groups are “small hospital bed size” (hospital bed size 
category), “Medicare” (primary expected payer category), “lowest quartile” 
(median household income category), and “nonteaching hospitals”’ (hospital 
teaching status category).

†P < 0.05.

Table 6.  Conditional Logistic Multivariate Model With 
Adjusted Odds Ratio and 95% CI for Surgical Aortic Valve 
Replacement, in Readmitted Patients With Severe AS 
Features, After 1:1 Matching

Variables

SAVR

aOR (95% CI) P value

Female sex 0.48 (0.43–0.54) <0.001†

Age 0.91 (0.90–0.91) <0.001†

Hospital bed size* … …

Medium 1.03 (0.88–1.22) 0.688

Large 1.04 (0.89–1.21) 0.610

Length of stay 0.95 (0.93–0.97) <0.001†

Primary expected payer* … …

Medicaid 0.83 (0.64–1.07) 0.151

Private insurance 1.58 (1.33–1.89) <0.001†

Resident in same hospital 
state

0.91 (0.68–1.20) 0.498

Median household income 
(highest quartile)*

1.24 (1.05–1.48) 0.014†

Hospital teaching status* 0.88 (0.77–1.00) 0.059

Diabetes 1.22 (1.06–1.41) <0.001†

Hypertension 1.04 (0.87–1.24) 0.657

Anemia 0.76 (0.60–0.97) 0.025†

Renal failure 0.40 (0.35–0.45) <0.001†

Arrhythmias 0.69 (0.62–0.78) <0.001†

Chronic pulmonary disease 0.56 (0.49–0.64) <0.001†

Liver disease 0.51 (0.37–0.71) <0.001†

Solid cancer 0.59 (0.39–0.89) 0.013†

Peripheral vessel disease 1.19 (1.01–1.41) 0.035†

Prior myocardial infarction 0.63 (0.52–0.77) <0.001†

Prior PCI 0.50 (0.27–0.92) 0.026†

Prior CABG 0.17 (0.13–0.23) <0.001†

The following variables have been included in the Logistic regression 
models: age, sex, primary expected payer, median household income, 
residency in same state as admission hospital, hospital bed size, hospital 
teaching status, length of stay, diabetes, hypertension, anemia, chronic lung 
disease, arrhythmias, chronic liver disease, solid cancer, peripheral vascular 
disease, renal failure, prior PCI, prior CABG, prior myocardial infarction. 
aOR indicates adjusted odds ratio; AS, aortic stenosis; CABG, coronary 
artery bypass grafting; PCI, percutaneous coronary intervention; and SAVR, 
surgical aortic valve replacement.

*Reference groups are “small hospital bed size” (hospital bed size 
category), “Medicare” (primary expected payer category), “lowest quartile” 
(median household income category), and “nonteaching hospitals” (hospital 
teaching status category).

†P < 0.05.
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by Clinical Surveillance or Transcatheter Aortic Valve 
Replacement; Clini​calTr​ials.​gov: NCT04889872) and 
Evolut EXPAND TAVR II Pivotal Trial (Clini​calTr​ials.​gov: 
NCT05149755), are warranted.

Second, interpreting symptoms or the lack thereof 
is notoriously difficult, particularly in older decon-
ditioned and sedentary patients. This could be even 
more pronounced in the female population where not 
only noncardiac comorbidities are more prevalent but 

also self-evaluation of their own cardiac disease and 
its impact on their daily functioning is less severe com-
pared with men.43–45 Behavioral models suggest that 
patients’ perceptions of the severity of their disease 
play an important role in determining the patients’ en-
gagement in behaviors related to the disease. Thus, 
in female patients with severe AS, the clinician should 
probably be careful in the assessment of typical and 
especially atypical, often underestimated by the pa-
tient, symptoms that could lead to a late referral to 
intervention in case of clinical misjudgment with a tre-
mendous impact on prognosis.

Third, a potential difference in referral to AS inter-
vention is most probably not only secondary to clin-
ical differences among sexes but also from potential 
access barriers that may stem from various sources, 
including sex biases in patient selection criteria, referral 
patterns, and disparities in patient–physician commu-
nication. Patient–provider sex concordance has been 
shown to potentially influence the perception of symp-
toms and consequently outcomes: Greenwood et al. 
have shown that the in-hospital survival rates of female 
patients with acute myocardial infarction treated by 
male doctors were worse, but this gap was no more 
evident when women were treated by women cli-
nicians.46 Furthermore, in a previous large US study 
investigating 1 583 028 Medicare hospitalizations 
with a primary medical admission condition, women 
physicians were more likely to follow guideline- and 
evidence-based care, with lower 30-day mortality and 
readmission rates.47 Currently, female proceduralists 
are still underrepresented in both the interventional and 
surgical fields and rarely are women patients with val-
vular heart disease treated by women.48,49

Finally, yet importantly, socioeconomic factors may 
play a pivotal role in perpetuating sex disparities in ac-
cess to AS intervention: it is acknowledged that dif-
ferences in access to socioeconomic resources are 
crucial determinants of the so-called “social gradient 
of health,” the inverse associations between socioeco-
nomic position and increased mortality and morbid-
ity.50 This can be particularly true in a predominantly 
private health system such as the United States, where 
disparities in health care access and insurance cov-
erage can significantly affect the ability of individuals, 
particularly women, to seek timely diagnosis and treat-
ment51 and where the high costs associated with aor-
tic valve interventions may pose a substantial financial 
barrier, disproportionately affecting individuals of lower 
socioeconomic status.52

The results of our study should then prompt a 
couple of questions. Firsy, on a national level, how 
systematic and comprehensive is the diagnostic ap-
proach to AS? Second, can the implementation of 
sex-specific hemodynamic indexes improve the prog-
nosis of female patients with symptomatic severe AS 

Table 7.  Conditional Logistic Multivariable Model with 
Adjusted Odds Ratio and 95% CI for Transcatheter Aortic 
Valve Implantation, in Readmitted Patients With Severe AS 
Features, After 1:1 matching

Variables

TAVI

aOR (95% CI) P value

Female sex 0.79 (0.75–0.84) <0.001†

Age 1.01 (1.00–1.01) <0.001†

Hospital bed size* … …

Medium 1.27 (1.16–1.39) <0.001†

Large 1.64 (1.51–1.79) <0.001†

Length of stay 1.02 (1.01–1.03) <0.001†

Primary expected payer* … …

Medicaid 0.37 (0.29–0.49) <0.001†

Private insurance 0.67 (0.58–0.77) <0.001†

Resident in same hospital 
state

0.73 (0.63–0.84) <0.001†

Median household income 
(highest quartile)*

1.31 (1.20–1.44) <0.001†

Hospital teaching status* 1.28 (1.19–1.37) <0.001†

Diabetes 1.04 (0.96–1.13) 0.317

Hypertension 1.04 (0.93–1.16) 0.471

Anemia 0.94 (0.85–1.05) 0.253

Renal failure 0.72 (0.68–0.77) <0.001†

Arrhythmias 0.79 (0.74–0.84) <0.001†

Chronic pulmonary disease 0.79 (0.74–0.84) <0.001†

Liver disease 0.78 (0.65–0.94) 0.009†

Solid cancer 0.75 (0.62–0.90) 0.002†

Peripheral vessel disease 1.13 (1.04–1.23) 0.004†

Prior myocardial infarction 0.85 (0.78–0.93) <0.001†

Prior PCI 1.13 (0.90–1.42) 0.291

Prior CABG 1.06 (0.97–1.15) 0.183

The following variables have been included in the Logistic regression 
models: age, sex, primary expected payer, median household income, 
residency in same state as admission hospital, hospital bed size, hospital 
teaching status, length of stay, diabetes, hypertension, anemia, chronic lung 
disease, arrhythmias, chronic liver disease, solid cancer, peripheral vascular 
disease, renal failure, prior PCI, prior CABG, prior myocardial infarction. 
aOR indicates adjusted odds ratio; AS, aortic stenosis; CABG, coronary 
artery bypass grafting; PCI, percutaneous coronary intervention; and TAVI, 
transcatheter aortic valve implantation.

*Reference groups are “small hospital bed size” (hospital bed size 
category), “Medicare” (primary expected payer category), “lowest quartile” 
(median household income category), and “nonteaching hospitals”: (hospital 
teaching status category).

†P < 0.05.
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and simplify the workup process also in nonacademic 
centers? By trying to answer these questions and fur-
ther understand the underlying factors contributing to 
these disparities, we can work toward reducing sex-
related barriers, promoting equitable access to these 
life-saving procedures, and improving outcomes for all 
individuals with AS.

We acknowledge the several limitations of this 
study. First, selection bias due to inaccuracies in cod-
ing and missing data cannot be completely excluded 
and some data that could have influenced outcomes, 
such as ethnicity, are inherently not available in the 
NRD. The database itself does not allow direct capture 
of the severity of AS and, thus, we cannot exclude that 
a small proportion of patients with symptomatic severe 
AS who received AVR at 90-day readmission period 
have not been intercepted. Moreover, due to the ab-
sence of patient-level hemodynamic data, we cannot 
exclude that a quota of patients with symptomatic AS 
and severe features had only hemodynamic moderate 
AS. Patients with asymptomatic severe AS were not 
captured by this analysis. However, in this scenario in-
dication and timing for treatment are still controversial 
and lack of homogeneity across centers and operators 
is presumable. In the NRD, each year is independent 
and follow-up of patients across years is not possible. 
Hence, we focused our analysis on 90-day readmis-
sion period to find the balance between enough time 
for AVR to occur and not losing sample size with oblig-
atory data removal with longer follow-up. However, 
we do not expect a significant variation of the female-
to-male ratio of indication to AVR at longer follow-up. 
Furthermore, due to the inherent administrative na-
ture of the NRD, only data about in-hospital all-cause 

mortality are collected. Thus, distinguishing between 
cardiovascular and noncardiovascular causes of death 
and retrieving information about out-of-hospital mor-
tality were not possible. However, we have performed 
the nested case–control analysis with a 1:1 matching 
ratio to tackle potential competing risk and selection 
bias in our cohort as much as possible. Finally, the 
retrospective nature of the study cannot fully exclude 
unknown residual confounding bias and allows only 
evaluations of associations that are hypothesis gener-
ating. Nevertheless, the large sample size should allow 
sufficiently powered analyses to detect sex differences 
in selection for AVR.

CONCLUSIONS
In conclusion, this large national retrospective study 
reveals that female patients with AS and severe fea-
tures have significantly lower use of AVR, either SAVR 
or TAVI, at 90-day readmission period, independently 
from comorbidities, clinical presentation, and hospital-
related factors. Future studies are needed to detect the 
underlying mechanisms and global initiatives are war-
ranted to diminish the observed disparities.

ARTICLE INFORMATION
Received August 27, 2024; accepted April 15, 2025.

Affiliations
Department of Cardiovascular Medicine, University Hospital Leuven, 
Belgium (G.C.); Department of Cardiology, University Hospital of Split, 
Croatia (A.M.); Department of Cardiology, Royal Stoke University Hospital, 
Stoke-on-Trent, UK (A.M., M.A.M.); Keele Cardiovascular Research Group, 
Centre for Prognosis Research, Keele University, Stoke-on-Trent, UK (A.M., 
M.A.M.); London Health Sciences Centre, Division of Cardiology, Department 

Figure 3.  Adjusted odds ratio and relative 95% CI for AVR, 
SAVR and TAVI of female patients with AS with severe features.
Reference group are male patients. aOR indicates adjusted odds 
ratio; AS, aortic stenosis; AVR, aortic valve replacement; SAVR, 
surgical aortic valve replacement; and TAVI, transcatheter aortic 
valve implantation.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 20, 2026



J Am Heart Assoc. 2025;14:e038463. DOI: 10.1161/JAHA.124.038463� 15

Castaldi et al� Sex Disparities in Aortic Stenosis Treatment

of Medicine, Schulich School of Medicine & Dentistry, Western University, 
London, ON, Canada (R.B.); Division of Cardiovascular Disease, Warren 
Alpert Medical School of Brown UniversityLifespan Cardiovascular Institute, 
Providence, RI (J.D.A.); Cardiac Center, King Fahd Armed Forces Hospital, 
Jeddah, Saudi Arabia (M.A.); Interventional Cardiology Unit, San Raffaele 
Scientific Institute, Milan, Italy (A.C.); Schulich Heart Program, Sunnybrook 
Health Sciences Centre (H.C.W.), Institute of Health Policy, Management 
and Evaluation (H.C.W.), and ICES and Temerty Faculty of Medicine (H.C.W.), 
University of Toronto, ON, Canada; and National Institute for Health and Care 
Research (NIHR), Birmingham Biomedical Research Centre, Birmingham, 
UK (H.C.W.).

Sources of Fundings
None.

Disclosures
All authors take responsibility for all aspects of the reliability and freedom 
from bias of the data presented and their discussed interpretation. J. D. 
Abbott—Consulting Abbott, Medtronic, Penumbra, Recor. Research Boston 
Scientific, Med Alliance, Shockwave.

Supplemental Material
Data S1. STROBE checklist
Tables S1–S2
Figures S1–S3

REFERENCES
	 1.	 Coffey S, Roberts-Thomson R, Brown A, Carapetis J, Chen M, 

Enriquez-Sarano M, Zühlke L, Prendergast BD. Global epidemiology of 
valvular heart disease. Nat Rev Cardiol. 2021;18:853–864. doi: 10.1038/
s41569-021-00570-z

	 2.	 Osnabrugge RLJ, Mylotte D, Head SJ, Van MNM, Nkomo VT, LeReun 
CM, Bogers AJJC, Piazza N, Kappetein AP. Aortic stenosis in the el-
derly. J Am Coll Cardiol. 2013;62:1002–1012.

	 3.	 Goldsweig AM, Tak HJ, Chen L-W, Aronow HD, Shah B, Kolte DS, 
Velagapudi P, Desai N, Szerlip M, Abbott JD. The evolving man-
agement of aortic valve disease: 5-year trends in SAVR, TAVR, and 
medical therapy. Am J Cardiol. 2019;124:763–771. doi: 10.1016/j.
amjcard.2019.05.044

	 4.	 Alkhouli M, Alqahtani F, Ziada KM, Aljohani S, Holmes DR, Mathew V. 
Contemporary trends in the management of aortic stenosis in the USA. 
Eur Heart J. 2020;41:921–928. doi: 10.1093/eurheartj/ehz568

	 5.	 Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs 
J, Capodanno D, Conradi L, De Bonis M, De Paulis R, et al. 2021 ESC/
EACTS guidelines for the management of valvular heart disease: de-
veloped by the task force for the management of valvular heart dis-
ease of the European Society of Cardiology (ESC) and the European 
Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 
2022;43:561–632.

	 6.	 Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F, 
Jneid H, Krieger EV, Mack M, McLeod C, et al. 2020 ACC/AHA guideline 
for the management of patients with valvular heart disease: executive 
summary: a report of the American College of Cardiology/American 
Heart Association Joint Committee on clinical practice guidelines. 
Circulation. 2021;143:e35–e71.

	 7.	 Lowenstern A, Sheridan P, Wang TY, Boero I, Vemulapalli S, Thourani 
VH, Leon MB, Peterson ED, Brennan JM. Sex disparities in patients with 
symptomatic severe aortic stenosis. Am Heart J. 2021;237:116–126. 
doi: 10.1016/j.ahj.2021.01.021

	 8.	 Chaker Z, Badhwar V, Alqahtani F, Aljohani S, Zack CJ, Holmes DR, 
Rihal CS, Alkhouli M. Sex differences in the utilization and outcomes of 
surgical aortic valve replacement for severe aortic stenosis. J Am Heart 
Assoc. 2017;6:e006370. doi: 10.1161/JAHA.117.006370

	 9.	 DesJardin JT, Chikwe J, Hahn RT, Hung JW, Delling FN. Sex differences 
and similarities in valvular heart disease. Circ Res. 2022;130:455–473. 
doi: 10.1161/CIRCRESAHA.121.319914

	10.	 Pajjuru VS, Thandra A, Guddeti RR, Walters RW, Jhand A, Andukuri 
VG, Alkhouli M, Spertus JA, Alla VM. Sex differences in mortality and 
90-day readmission rates after transcatheter aortic valve replace-
ment: a nationwide analysis from the USA. Eur Heart J Qual Care Clin 
Outcomes. 2022;8:135–142. doi: 10.1093/ehjqcco/qcab012

	11.	 Elbaz-Greener G, Rahamim E, Abu Ghosh Z, Carasso S, Yarkoni M, 
Radhakrishnan S, Wijeysundera HC, Igor T, Planer D, Rozen G, et al. 
Sex difference and outcome trends following transcatheter aortic valve 
replacement. Front Cardiovasc Med. 2022;9:1013739. doi: 10.3389/
fcvm.2022.1013739

	12.	 Elbaz-Greener G, Rahamim E, Abu Ghosh Z, Shadafny N, Alcalai R, 
Korach A, Carasso S, Wijeysundera HC, Igor T, Amir O, et al. Sex dif-
ference and outcome trends following surgical aortic valve replacement 
from the National Inpatient Sample (NIS) database. J Cardiovasc Surg. 
2024;65:161–168. doi: 10.23736/S0021-9509.23.12729-7

	13.	 Masiero G, Paradies V, Franzone A, Bellini B, de Biase C, Karam N, 
Sanguineti F, Mamas MA, Eltchaninoff H, Fraccaro C, et al. Sex-specific 
considerations in degenerative aortic stenosis for female-tailored trans-
femoral aortic valve implantation management. J Am Heart Assoc. 
2022;11:e025944. doi: 10.1161/JAHA.121.025944

	14.	 Chieffo A, Petronio AS, Mehilli J, Chandrasekhar J, Sartori S, Lefèvre T, 
Presbitero P, Capranzano P, Tchetche D, Iadanza A, et al. 1-year clinical 
outcomes in women after transcatheter aortic valve replacement: re-
sults from the first WIN-TAVI registry. J Am Coll Cardiol Interv. 2018;11:1–
12. doi: 10.1016/j.jcin.2017.09.034

	15.	 HCUP. Overview of the Nationwide Readmissions Database (NRD). 
https://​www.​hcup-​us.​ahrq.​gov/​nrdov​erview.​jsp.

	16.	 Austin PC, Anderson GM, Cigsar C, Gruneir A. Comparing the cohort 
design and the nested case–control design in the presence of both 
time-invariant and time-dependent treatment and competing risks: bias 
and precision. Pharmacoepidemiol Drug Saf. 2012;21:714–724. doi: 
10.1002/pds.3299

	17.	 Essebag V, Platt RW, Abrahamowicz M, Pilote L. Comparison of nested 
case-control and survival analysis methodologies for analysis of time-
dependent exposure. BMC Med Res Methodol. 2005;5:1–6. doi: 
10.1186/1471-2288-5-5

	18.	 Lindman BR, Piana RN. What does sex have to do with Transcatheter 
aortic valve replacement? JACC Cardiovasc Interv. 2018;11:21–23. doi: 
10.1016/j.jcin.2017.10.028

	19.	 Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, 
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, et  al. Transcatheter 
versus surgical aortic-valve replacement in high-risk patients. N Engl J 
Med. 2011;364:2187–2198. doi: 10.1056/NEJMoa1103510

	20.	 Williams M, Kodali SK, Hahn RT, Humphries KH, Nkomo VT, Cohen DJ, 
Douglas PS, Mack M, McAndrew TC, Svensson L, et  al. Sex-related 
differences in outcomes after transcatheter or surgical aortic valve re-
placement in patients with severe aortic stenosis. J Am Coll Cardiol. 
2014;63:1522–1528. doi: 10.1016/j.jacc.2014.01.036

	21.	 Panoulas VF, Francis DP, Ruparelia N, Malik IS, Chukwuemeka A, 
Sen S, Anderson J, Nihoyannopoulos P, Sutaria N, Hannan EL, et al. 
Female-specific survival advantage from transcatheter aortic valve im-
plantation over surgical aortic valve replacement: meta-analysis of the 
gender subgroups of randomised controlled trials including 3758 pa-
tients. Int J Cardiol. 2018;250:66–72. doi: 10.1016/j.ijcard.2017.05.047

	22.	 Pittams AP, Iddawela S, Zaidi S, Tyson N, Harky A. Scoring systems for 
risk stratification in patients undergoing cardiac surgery. J Cardiothorac 
Vasc Anesth. 2022;36:1148–1156. doi: 10.1053/j.jvca.2021.03.005

	23.	 Edwards FH, Peterson ED, Coombs LP, DeLong ER, Jamieson WRE, 
Shroyer ALW, Grover FL. Prediction of operative mortality after valve re-
placement surgery. J Am Coll Cardiol. 2001;37:885–892. doi: 10.1016/
S0735-1097(00)01202-X

	24.	 Roques F, Nashef SAM, Michel P, Gauducheau E, de Vincentiis C, 
Baudet E, Cortina J, David M, Faichney A, Gavrielle F, et al. Risk factors 
and outcome in European cardiac surgery: analysis of the EuroSCORE 
multinational database of 19030 patients. Eur J Cardiothorac Surg. 
1999;15:816–823.

	25.	 Dewey TM, Brown D, Ryan WH, Herbert MA, Prince SL, Mack MJ. 
Reliability of risk algorithms in predicting early and late operative 
outcomes in high-risk patients undergoing aortic valve replace-
ment. J Thorac Cardiovasc Surg. 2008;135:180–187. doi: 10.1016/j.
jtcvs.2007.09.011

	26.	 Goel H, Kumar A, Garg N, Mills JD. Men are from mars, women are from 
venus: factors responsible for gender differences in outcomes after sur-
gical and trans-catheter aortic valve replacement. Trends Cardiovasc 
Med. 2021;31:34–46. doi: 10.1016/j.tcm.2019.11.010

	27.	 Elhmidi Y, Piazza N, Mazzitelli D, Wottke M, Lange R, Bleiziffer S. 
Sex-related differences in 2197 patients undergoing isolated surgical 
aortic valve replacement. J Card Surg. 2014;29:772–778. doi: 10.1111/
jocs.12442

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 20, 2026

https://doi.org//10.1038/s41569-021-00570-z
https://doi.org//10.1038/s41569-021-00570-z
https://doi.org//10.1016/j.amjcard.2019.05.044
https://doi.org//10.1016/j.amjcard.2019.05.044
https://doi.org//10.1093/eurheartj/ehz568
https://doi.org//10.1016/j.ahj.2021.01.021
https://doi.org//10.1161/JAHA.117.006370
https://doi.org//10.1161/CIRCRESAHA.121.319914
https://doi.org//10.1093/ehjqcco/qcab012
https://doi.org//10.3389/fcvm.2022.1013739
https://doi.org//10.3389/fcvm.2022.1013739
https://doi.org//10.23736/S0021-9509.23.12729-7
https://doi.org//10.1161/JAHA.121.025944
https://doi.org//10.1016/j.jcin.2017.09.034
https://www.hcup-us.ahrq.gov/nrdoverview.jsp
https://doi.org//10.1002/pds.3299
https://doi.org//10.1186/1471-2288-5-5
https://doi.org//10.1016/j.jcin.2017.10.028
https://doi.org//10.1056/NEJMoa1103510
https://doi.org//10.1016/j.jacc.2014.01.036
https://doi.org//10.1016/j.ijcard.2017.05.047
https://doi.org//10.1053/j.jvca.2021.03.005
https://doi.org//10.1016/S0735-1097(00)01202-X
https://doi.org//10.1016/S0735-1097(00)01202-X
https://doi.org//10.1016/j.jtcvs.2007.09.011
https://doi.org//10.1016/j.jtcvs.2007.09.011
https://doi.org//10.1016/j.tcm.2019.11.010
https://doi.org//10.1111/jocs.12442
https://doi.org//10.1111/jocs.12442


J Am Heart Assoc. 2025;14:e038463. DOI: 10.1161/JAHA.124.038463� 16

Castaldi et al� Sex Disparities in Aortic Stenosis Treatment

	28.	 Dixon LK, Dimagli A, Di Tommaso E, Sinha S, Fudulu DP, Sandhu M, 
Benedetto U, Angelini GD. Females have an increased risk of short-term 
mortality after cardiac surgery compared to males: insights from a national 
database. J Card Surg. 2022;37:3507–3519. doi: 10.1111/jocs.16928

	29.	 Faerber G, Zacher M, Reents W, Boergermann J, Kappert U, Boening 
A, Diegeler A, Doenst T. Female sex is not a risk factor for post pro-
cedural mortality in coronary bypass surgery in the elderly: a second-
ary analysis of the GOPCABE trial. PLoS One. 2017;12:e0184038. doi: 
10.1371/journal.pone.0184038

	30.	 Steeds RP, Messika-Zeitoun D, Thambyrajah J, Serra A, Schulz E, 
Maly J, Aiello M, Rudolph TK, Lloyd G, Bortone AS, et al. IMPULSE: 
the impact of gender on the presentation and management of aortic 
stenosis across Europe. Open Heart. 2021;8:e001443. doi: 10.1136/
openhrt-2020-001443

	31.	 Généreux P, Stone GW, O’Gara PT, Marquis-Gravel G, Redfors B, 
Giustino G, Pibarot P, Bax JJ, Bonow RO, Leon MB. Natural history, 
diagnostic approaches, and therapeutic strategies for patients with as-
ymptomatic severe aortic stenosis. J Am Coll Cardiol. 2016;67:2263–
2288. doi: 10.1016/j.jacc.2016.02.057

	32.	 Peeters FECM, Doris MK, Cartlidge TRG, Kwiecinski J, Pawade TA, 
Jenkins WSA, Kietselaer BLJH, Crijns HJGM, Newby DE, Dweck MR. 
Sex differences in valve-calcification activity and calcification progres-
sion in aortic stenosis. JACC Cardiovasc Imaging. 2020;13:2045–2046. 
doi: 10.1016/j.jcmg.2020.02.034

	33.	 Tribouilloy C, Bohbot Y, Rusinaru D, Belkhir K, Diouf M, Altes A, 
Delpierre Q, Serbout S, Kubala M, Levy F, et al. Excess mortality and 
Undertreatment of women with severe aortic stenosis. J Am Heart 
Assoc. 2021;10:e018816. doi: 10.1161/JAHA.120.018816

	34.	 Singh GK, Delgado V. Multimodality imaging to explore sex differ-
ences in aortic stenosis. Eur Heart J Rev. 2022;17:e26. doi: 10.15420/
ecr.2022.26

	35.	 Bienjonetti-Boudreau D, Fleury M-A, Voisine M, Paquin A, Chouinard I, 
Tailleur M, Duval R, Magnan P-O, Beaudoin J, Salaun E, et al. Impact of 
sex on the management and outcome of aortic stenosis patients. Eur 
Heart J. 2021;42:2683–2691. doi: 10.1093/eurheartj/ehab242

	36.	 Benfari G, Gori AM, Rossi A, Papesso B, Vassanelli C, Zito GB, Nistri S. 
Feasibility and relevance of right parasternal view for assessing severity 
and rate of progression of aortic valve stenosis in primary care. Int J 
Cardiol. 2017;240:446–451. doi: 10.1016/j.ijcard.2017.04.091

	37.	 Ikonomidis I, Aboyans V, Blacher J, Brodmann M, Brutsaert DL, 
Chirinos JA, De Carlo M, Delgado V, Lancellotti P, Lekakis J, et al. The 
role of ventricular-arterial coupling in cardiac disease and heart fail-
ure: assessment, clinical implications and therapeutic interventions. A 
consensus document of the European Society of Cardiology Working 
Group on Aorta & Peripheral Vascular Diseases, European Association 
of Cardiovascular Imaging, and Heart Failure Association. Eur J Heart 
Fail. 2019;21:402–424. doi: 10.1002/ejhf.1436

	38.	 Namasivayam M, He W, Churchill TW, Capoulade R, Liu S, Lee H, Danik 
JS, Picard MH, Pibarot P, Levine RA, et al. Transvalvular flow rate deter-
mines prognostic value of aortic valve area in aortic stenosis. J Am Coll 
Cardiol. 2020;75:1758–1769. doi: 10.1016/j.jacc.2020.02.046

	39.	 Bohbot Y, Renard C, Manrique A, Levy F, Maréchaux S, Gerber BL, 
Tribouilloy C. Usefulness of cardiac magnetic resonance imaging in aor-
tic stenosis. Circ Cardiovasc Imaging. 2020;13:e010356. doi: 10.1161/
CIRCIMAGING.119.010356

	40.	 Coisne A, Scotti A, Latib A, Montaigne D, Ho EC, Ludwig S, Modine 
T, Généreux P, Bax JJ, Leon MB, et al. Impact of moderate aortic ste-
nosis on long-term clinical outcomes: a systematic review and meta-
analysis. J Am Coll Cardiol Intv. 2022;15:1664–1674. doi: 10.1016/j.
jcin.2022.06.022

	41.	 Coisne A, Montaigne D, Aghezzaf S, Ridon H, Mouton S, Richardson 
M, Polge A-S, Lancellotti P, Bauters C; VALVENOR Investigators. 
Association of Mortality with Aortic Stenosis Severity in outpatients: re-
sults from the VALVENOR study. JAMA Cardiol. 2021;6:1424–1431. doi: 
10.1001/jamacardio.2021.3718

	42.	 Franke KB, Bhatia D, Roberts-Thomson RL, Psaltis PJ. Aortic valve 
replacement reduces mortality in moderate aortic stenosis: a system-
atic review and meta-analysis. J Geriatr Cardiol. 2023;20:61–67. doi: 
10.26599/1671-5411.2023.01.003

	43.	 Keteepe-Arachi T, Sharma S. Cardiovascular disease in women: under-
standing symptoms and risk factors. Eur Heart J Rev. 2017;12:10–13. 
doi: 10.15420/ecr.2016:32:1

	44.	 DeVon HA, Pettey CM, Vuckovic KM, Koenig MD, McSweeney JC. A re-
view of the literature on cardiac symptoms in older and younger women. 
J Obstet Gynecol Neonatal Nurs. 2016;45:426–437. doi: 10.1016/j.
jogn.2016.02.002

	45.	 Nau DP, Ellis JJ, Kline-Rogers EM, Mallya U, Eagle KA, Erickson SR. 
Gender and perceived severity of cardiac disease: evidence that 
women are “tougher”. Am J Med. 2005;118:1256–1261. doi: 10.1016/j.
amjmed.2005.08.006

	46.	 Greenwood BN, Carnahan S, Huang L. Patient-physician gender 
concordance and increased mortality among female heart attack pa-
tients. Proc Natl Acad Sci USA. 2018;115:8569–8574. doi: 10.1073/
pnas.1800097115

	47.	 Tsugawa Y, Jena AB, Figueroa JF, Orav EJ, Blumenthal DM, Jha AK. 
Comparison of hospital mortality and readmission rates for Medicare 
patients treated by male vs female physicians. JAMA Intern Med. 
2017;177:206–213. doi: 10.1001/jamainternmed.2016.7875

	48.	 Burgess S, Cader FA, Shaw E, Banerjee S, Stehli J, Krishnamorthy R, 
Khor L, Forotan H, Bastiany A, Rao S, et al. Under-representation of 
women as proceduralists and patients in TAVR and TMVr procedures: 
data, implications and proposed solutions. Eur Cardiol. 2022;17:e27. 
doi: 10.15420/ecr.2022.33

	49.	 Gao SW, Forcillo J, Watkins AC, Antonoff MB, Luc JGY, Chung JCY, 
Ritchie L, Eikelboom R, Shashidharan S, Maruyama M, et al. 60 years 
after the first woman cardiac surgeon: we still need more women 
in cardiac surgery. CJC Open. 2021;3:S89–S94. doi: 10.1016/j.
cjco.2021.07.012

	50.	 O’Neil A, Russell JD, Thompson K, Martinson ML, Peters SAE. The 
impact of socioeconomic position (SEP) on women’s health over the 
lifetime. Maturitas. 2020;140:1–7. doi: 10.1016/j.maturitas.2020.06.001

	51.	 Daher M, Al Rifai M, Kherallah RY, Rodriguez F, Mahtta D, Michos ED, 
Khan SU, Petersen LA, Virani SS. Gender disparities in difficulty ac-
cessing healthcare and cost-related medication non-adherence: the 
CDC Behavioral Risk Factor Surveillance System (BRFSS) survey. Prev 
Med. 2021;153:106779. doi: 10.1016/j.ypmed.2021.106779

	52.	 Bullock-Palmer RP, Bravo-Jaimes K, Mamas MA, Grines CL. 
Socioeconomic factors and their impact on access and use of coronary 
and structural interventions. Eur Cardiol. 2022;17:e19. doi: 10.15420/
ecr.2022.23

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 20, 2026

https://doi.org//10.1111/jocs.16928
https://doi.org//10.1371/journal.pone.0184038
https://doi.org//10.1136/openhrt-2020-001443
https://doi.org//10.1136/openhrt-2020-001443
https://doi.org//10.1016/j.jacc.2016.02.057
https://doi.org//10.1016/j.jcmg.2020.02.034
https://doi.org//10.1161/JAHA.120.018816
https://doi.org//10.15420/ecr.2022.26
https://doi.org//10.15420/ecr.2022.26
https://doi.org//10.1093/eurheartj/ehab242
https://doi.org//10.1016/j.ijcard.2017.04.091
https://doi.org//10.1002/ejhf.1436
https://doi.org//10.1016/j.jacc.2020.02.046
https://doi.org//10.1161/CIRCIMAGING.119.010356
https://doi.org//10.1161/CIRCIMAGING.119.010356
https://doi.org//10.1016/j.jcin.2022.06.022
https://doi.org//10.1016/j.jcin.2022.06.022
https://doi.org//10.1001/jamacardio.2021.3718
https://doi.org//10.26599/1671-5411.2023.01.003
https://doi.org//10.15420/ecr.2016:32:1
https://doi.org//10.1016/j.jogn.2016.02.002
https://doi.org//10.1016/j.jogn.2016.02.002
https://doi.org//10.1016/j.amjmed.2005.08.006
https://doi.org//10.1016/j.amjmed.2005.08.006
https://doi.org//10.1073/pnas.1800097115
https://doi.org//10.1073/pnas.1800097115
https://doi.org//10.1001/jamainternmed.2016.7875
https://doi.org//10.15420/ecr.2022.33
https://doi.org//10.1016/j.cjco.2021.07.012
https://doi.org//10.1016/j.cjco.2021.07.012
https://doi.org//10.1016/j.maturitas.2020.06.001
https://doi.org//10.1016/j.ypmed.2021.106779
https://doi.org//10.15420/ecr.2022.23
https://doi.org//10.15420/ecr.2022.23

	Sex-Associated Disparities in Surgical and Percutaneous Management of Aortic Stenosis With Severe Features: Retrospective Analysis From the National Readmission Database
	METHODS
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	Sources of Fundings
	Disclosures
	REFERENCES


