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ORIGINAL RESEARCH

Age, Sex, and Valve Phenotype Differences 
in Fibro- Calcific Remodeling of Calcified 
Aortic Valve
Martine Voisine, BSc*; Maxime Hervault, MSc*; Mylène Shen, MSc*; Anne-Julie Boilard, BSc; Benoît Filion, PhD; 
Mickael Rosa, PhD; Yohan Bossé, PhD; Patrick Mathieu, MD, MSc; Nancy Côté, PhD; Marie-Annick Clavel, 
DVM, PhD

BACKGROUND: In calcific aortic valve disease on tricuspid aortic valves (TAVs), men have higher aortic valve calcification and 
less fibrosis than women. However, little is known in bicuspid aortic valves (BAV). We thus aimed to investigate the impact of 
age, sex, and valve phenotype (TAVs versus BAVs) on fibro- calcific remodeling in calcific aortic valve disease.

METHODS AND RESULTS: We included 2 cohorts: 411 patients who underwent multidetector computed tomography (37% 
women) for aortic valve calcification density assessment and 138 explanted aortic valves (histological cohort; 50% women). 
The cohorts were divided in younger (<60 years old) or older patients with BAV (≥60 years old), and TAV patients. In each 
group, women and men were matched. Women presented less aortic valve calcification density than men in each group of 
the multidetector computed tomography cohort (all P≤0.01). Moreover, in women, younger patients with BAV had the low-
est aortic valve calcification density (both P=0.02). In multivariate analysis, aortic valve calcification density correlated with 
age (β estimate±standard error: 6.5±1.8; P=0.0004) and male sex (109.2±18.4; P<0.0001), and there was a trend with TAVs 
(41.5±23.0; P=0.07). Women presented a higher collagen content than men (77.8±10.8 versus 69.9±12.9%; P<0.001) in the 
entire cohort. In women, younger patients with BAV had denser connective tissue than TAV and older patients with BAV (both 
P≤0.05), while no difference was observed between men.

CONCLUSIONS: In calcific aortic valve disease, women had less calcification and more fibrotic remodeling than men, regard-
less of the phenotype of the valve or age of the patient. Moreover, younger women with BAVs had less valve calcification. 
Thus, mineralization/fibrosis of the aortic valve is likely to have sex/age- specific mechanisms and be influenced by the valve 
morphology.
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Calcific aortic valve disease (CAVD) is the most fre-
quent valvular heart disease in high- income coun-
tries and the second most common indication for 

cardiac surgery after coronary artery bypass grafting.1 
CAVD is characterized by a complex pathophysiology, 
which involves a fibro- calcific remodeling of the leaf-
lets.2 The incidence of CAVD increases markedly with 
age and affects 3% of the population over 65 years of 
age and 4.6% of the population over 75 years old.3,4 

Male sex has been associated with a 2- fold increased 
risk to develop CAVD.5,6

Bicuspid aortic valve (BAV) is the most frequent car-
diac congenital abnormality affecting 1% to 2% of the 
general population, with a ratio of 3 men to 1 woman.7 
BAV is characterized by an aortic valve presenting 2 
leaflets instead of 3. CAVD is the most common com-
plication of BAV and develops 10 to 15 years earlier in 
BAV compared with patients with tricuspid aortic valve 
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(TAV). Patients with BAV are at higher risk for an aor-
tic valve intervention during their lifetime, with nearly 
50% of them needing an aortic valve replacement for 
CAVD.1,8

Mineralization and extensive valvular fibrosis are the 
2 main culprit lesions of CAVD, leading to the thicken-
ing and stiffening of aortic valve leaflets and obstruc-
tion of cardiac outflow.9–11 Aortic valve calcification 
(AVC) load, measured by multidetector computed to-
mography (MDCT), and hemodynamic severity of aor-
tic stenosis, assessed by Doppler echocardiography, 
are well correlated.12–14 We recently showed that AVC 

is a predictor of the severity of CAVD in patients with 
TAV independently of the age, whereas in patients 
with BAV a major interaction was found between AVC 
and age on determining the severity of the disease. 
Indeed, AVC was a predictor of stenosis severity in 
older BAV but not in younger patients with BAV.15

Moreover, women reach similar hemodynamic 
stenosis severity than men for a lower AVC load.16,17 
We have previously shown in TAV that this sex- related 
discrepancy was linked to higher valvular fibrosis in 
women compared with men.18 Whether these results 
are observed in patients with BAV have not been inves-
tigated yet. However, such differences in calcification/
fibrosis ratio in men versus women, TAV versus BAV, 
and younger versus older patients could be of major 
importance to better understand CAVD pathophysiol-
ogy and, ultimately, develop medical therapies. Thus, 
the aim of this study was to determine sex- specific 
CAVD lesions according to age and aortic valve phe-
notype (TAV versus BAV).

METHODS
The authors declare that all supporting data and meth-
ods are available within the article.

Patient Populations
A total of 537 patients with CAVD who underwent a 
comprehensive Doppler transthoracic echocardiogra-
phy and an MDCT (n=434; MDCT cohort) or an aortic 
valve replacement were recruited for the study. From 
the 537 selected patients, 138 surgically explanted 
aortic valves were collected from the Quebec Heart 
and Lung Institute’s tissue bank for histological stud-
ies (histological cohort). Patients with rheumatic aor-
tic stenosis, infective endocarditis, cervical or thoracic 
radiotherapy- induced valve lesions, severe renal dis-
ease, reduced left ventricular ejection fraction (<50%), 
more than mild aortic/mitral regurgitation, mitral ste-
nosis, or prior aortic valve procedure were excluded. 
Patients were classified into 3 groups according to age 
and valve phenotype: (1) younger patients with bicus-
pid aortic valve (YBAV, <60 years old); (2) older patients 
with bicuspid aortic valve (OBAV, ≥60 years old); and 
(3) patients with tricuspid aortic valves (TAVs). In each 
group, men and women were frequency (MDCT co-
hort) or 1:1 (histological cohort) matched for (in order 
of importance) age (within 3  years), hemodynamic 
severity of CAVD determined by peak aortic jet ve-
locity (within 0.25  m/s) mean transvalvular gradient 
(MG; within 5 mm Hg), indexed aortic valve area (AVAi; 
0.1 cm2/m2), stroke volume index (within 3 mL/m2), left 
ventricular ejection fraction (within 5%), estimated glo-
merular filtration rate, systolic blood pressure (within 
5 mm Hg), body mass index (within 5 kg/m2; Figure 1). 

CLINICAL PERSPECTIVE

What Is New?
• Hemodynamic severity of aortic stenosis may 

not be correlated to the degree of aortic valve 
calcification in young women with bicuspid 
aortic valve; that is, young women may have a 
hemodynamically severe aortic stenosis with no 
or minimal aortic valve calcification.

• Women have a more fibrotic remodeling of the 
aortic valve, while men have a more calcific re-
modeling, irrespective of valve phenotype or 
age of the patients.

What Are the Clinical Implications?
• Quantification of aortic valve calcification should 

thus be interpreted with caution in young 
women with bicuspid aortic valve.

• The calcific/fibrotic patterns will be important to 
understand to develop pharmacological thera-
pies, and especially to design studies to test 
these therapies.

• In women, the menopausal status may need 
to be taken into consideration to individualize 
strategy.

Nonstandard Abbreviations and Acronyms

AVAi indexed aortic valve area
AVC aortic valve calcification
BAV bicuspid aortic valve
CAVD calcific aortic valve disease
MDCT multidetector computed tomography
MG mean transvalvular gradient
OBAV older patients with bicuspid aortic valve
TAV tricuspid aortic valve
YBAV  younger patients with bicuspid aortic 

valve
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The study protocol was approved by the research eth-
ics committee of the Quebec Heart and Lung Institute, 
and the participants gave written informed consent.

Clinical Data
The clinical data included age, sex, body surface area, 
body mass index, documented diagnoses of hyperten-
sion, diabetes mellitus, coronary artery disease, renal 
disease, and estimated glomerular filtration rate, calcu-
lated using the formula of Modification of Diet in Renal 
Disease study.

MDCT Scans and AVC Assessment
MDCT scans without contrast were performed using a 
64 slices helical scanner (Somatom Definition, Siemens 
AG Medical Solution, Germany) with a tube potential 
at 120  kV and a tube current- time product at 60 to 
80 mAs. Operators blinded to patient data performed 
all MDCT examinations and analyses. The protocol for 
the MDCT image acquisition and interpretation was 
previously published.17,18 Image analyses were per-
formed offline on dedicated workstations with vali-
dated software (Aquarius iNtuition, TeraRecon, Foster 
City, CA) for the measurement of AVC. AVC scores 
were quantified with the Agatston scoring method, 
and all AVC data were expressed in Agatston units.19 
To account for smaller heart size in women, we calcu-
lated the AVC density by dividing the AVC score by the 
cross- sectional aortic annulus area (π×[Aortic annulus 
diameter/2]2) measured by echocardiography.17

Doppler Echocardiography
Comprehensive Doppler echocardiography was 
performed using commercially available ultrasound 
system. All echocardiographic exams were per-
formed by the same team of sonographers and car-
diologists, and all images were analyzed in the same 
laboratory by experienced readers according to the 
current recommendations of the American Society of 
Echocardiography.20 Doppler echocardiographic in-
dices of aortic stenosis severity included peak aortic 
jet velocity, MG obtained by the Bernoulli formula, and 
aortic valve area calculated by the continuity equation 
and indexed to body surface area (AVAi).20–22 Left ven-
tricular systolic function was assessed using left ven-
tricular ejection fraction as measured by the biplane 
Simpson method. Stroke volume was calculated by 
multiplying the left ventricular outflow tract area by the 
flow velocity- time integral obtained by pulsed wave 
Doppler and was indexed to body surface area.

Aortic Valve Histology
Each valve excised at the time of surgery was placed 
in a container filled with HEPES solution and analyzed 
in the department of pathology. One of the cusps 
was decalcified in Cal- Ex (Fisher, Nepean, Ontario, 
Canada) for 24 hours and fixed in formaldehyde 10% 
for histological processing. Aortic valve leaflets were 
embedded in optimal cutting temperature compound 
and 6 μm sections of the 138 matched YBAV, OBAV, 
and TAV men and women were obtained from a skilled 

Figure 1. Flowchart.
The flow chart of the study describes the multidetector computed tomography cohort and the histological 
cohort as well as the match between men and women in each age- valve phenotype group. AVAi indicates 
indexed aortic valve area; AVR, aortic valve replacement; eGFR, estimated glomerular filtration rate; LV, 
left ventricular; MDCT, multidetector computed tomography; MG, mean transvalvular gradient; and Vpeak, 
peak aortic jet velocity.
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operator using a cryotome. Histological sections were 
analyzed with Masson’s trichrome and Picrosirius red 
staining. Masson’s trichrome staining allowed us to dif-
ferentiate loose (light blue sections) and dense connec-
tive tissue (dark blue sections; Figure 2A). Picrosirius 
red staining was used to study, under polarized light, 
collagen fibers (red/orange/green; Figure 2B). All sec-
tions were fixed in acetone- methanol (60:40) at −20°C 
for 10 minutes and washed with running tap water for 
5 minutes. All staining kits were obtained from Sigma- 
Aldrich Corporation (Ontario, Canada).

They were later analyzed with a homemade algo-
rithm developed with MathWorks’s MATLAB software 
detecting pixel RGB values for color differentiation. 
Masson’s trichrome staining data were expressed as 
the ratio of dense and loose connective tissue area 
on the global tissue area in brightfield. Picrosirius red 
amount of collagen fibers were expressed as the ratio 
of polarized pixels on the global brightfield tissue pixels.

Statistical Analysis
Continuous variables were tested for normality by the 
Shapiro- Wilk test. Results were expressed as mean 
±SD, median (percentile 25–75), or percentage as 
appropriate.

Differences between groups and sexes were eval-
uated by a 2- way ANOVA followed by Tukey post hoc 
tests for continuous normally distributed variables; 
Wilcoxon rank sum test, followed by Steel- Dwass post 
hoc tests for continuous non-normally distributed; and 
chi- square or Fisher exact tests as appropriate for cat-
egorical variables. In the MDCT cohort, correlates of 
AVC density were identified by univariate and multivari-
ate linear regressions and presented with β estimate±-
standard error.

A P<0.05 was considered statistically significant. 
All statistical analyses were performed with JMP 14.0 
(SAS Institute) and SigmaPlot 11.0 (Systat Software) 
softwares.

Figure 2. Masson’s trichrome and Picrosirius red staining of aortic valves according to the sex- 
age- phenotype group.
A, Valve histology at 20× original magnification with Masson’s trichrome staining. Dark blue sections 
represent collagen fibers (dense connective tissue); light blue sections represent extracellular matrix fibers 
(loose connective tissue); red and purple nodules represent calcium nodules; and red fibers represent 
myofibroblast- like cells. B, Valve histology at 20× under polarized light with Picrosirius red staining. Red- 
orange- green fibers represent collagen fibers. ♂ indicates men; ♀, women; OBAV, older patients with a 
bicuspid aortic valve; YBAV, younger patients with a bicuspid aortic valve; and TAV, tricuspid aortic valve. 
Scale bar=1 mm.

A

B
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RESULTS
MDCT Cohort
Patients Characteristics

Among the 434 patients of the MDCT cohort, 310 
(71%) patients had TAV (116 [37%] women, 76±7 years 
old), 55 (13%) were YBAV patients (14 [25%] women, 
50±9 years old), and 69 (16%) were OBAV patients 
(22 [32%] women, 71±9  years old). Patient demo-
graphics and clinical characteristics are summarized 
in Table 1. The matched variables were not different 
between men and women in each group (all P>0.25). 
In each group, as expected, women had a lower 
body surface area and a lower prevalence of coro-
nary artery disease. Given that YBAV patients were 
younger, they had fewer comorbidities than older 
TAV and OBAV patients. However, stenosis severity 
was comparable between sexes in the 3 groups (all 
P>0.47).

Differences in Aortic Valve Calcification 
Evaluated by MDCT

In YBAV, OBAV, and TAV groups, women had lower 
AVC density (YBAV: 202 [0–341] versus 476 [265–701] 
Agatston units/cm², P=0.001; OBAV: 429 [227–929] ver-
sus 889 [477–1080] Agatston units /cm², P=0.01; TAV: 
360 [157–544] versus 428 [279–731] Agatston units/cm², 
P=0.009) compared with men (Figure 3A). In women, 
YBAV patients had significantly lower AVC density than 
OBAV and TAV patients (both P=0.02). In men, OBAV 
patients presented a higher AVC density compared 
with YBAV and TAV patients (P=0.003 and P<0.0001, 
respectively), which may be related to a slightly more 
severe stenosis in OBAV patients (Figure 3B).
In univariate analysis, AVC density was correlated 
with stenosis severity (ie, AVAi and MG; all P≤0.0001) 
in the whole cohort. After adjustment for body sur-
face area, coronary artery disease, systolic blood 
pressure, diabetes mellitus, estimated glomerular 
filtration rate, stenosis severity (MG and AVAi), and 
stroke volume index, AVC density was significantly 
correlated to age (6.5±1.8; P=0.0004) and male sex 
(109.2±18.4; P<0.0001), and there was a trend to-
ward association with tricuspid valve morphology 
(41.5±23.0; P=0.07). In univariate analysis, AVC den-
sity was correlated with stenosis severity (ie, AVAi 
and MG; all P≤0.0003) in all groups, except in YBAV 
women (P=0.45). After adjusting for systolic blood 
pressure, coronary artery disease, estimated glo-
merular filtration rate, and stroke volume index, AVC 
density was correlated with stenosis severity (ie, AVAi 
and MG; all P<0.004) in all groups, except in OBAV 
women, where there was only a trend toward asso-
ciation (P≥0.06), and in YBAV women where the as-
sociation was absent (both P≥0.58). The interaction 

between phenotype and sex to predict AVC density 
was statistically significant (P=0.02).

Histological Cohort
Patients Characteristics

In the histological cohort, 76 patients were classified 
in the TAV (38 women, 72.4±8.1 years old), 22 in the 
YBAV group (11 women, 57.0±3.1 years old) and 40 in 
the OBAV group (20 women, 72.4±8.2 years old).

There were no significant differences between men 
and women inside each group except for body surface 
area (Table 2); ie, women had lower body surface area 
when compared with men in each group (all P<0.001). 
By design, YBAV patients were younger than OBAV 
and TAV patients (both P<0.001). As expected, they 
had a lower prevalence of systemic arterial hyperten-
sion when compared with TAV (P=0.01); however, they 
had a higher prevalence of coronary artery disease 
compared with OBAV.

Semiquantitative Assessment of Fibrous 
Tissue With Masson’s Trichrome and 
Picrosirius Staining

As previously shown,18 in our histological cohort, we 
confirmed by a semiquantification of Masson’s tri-
chrome staining that women had a higher content of 
dense fibrosis compared with men (reaching statisti-
cal significance in the whole cohort, YBAV and TAV 
patients, all P<0.05; Figure  5A). Interestingly, YBAV 
women seem to have more dense connective tissue 
than OBAV and TAV women (P=0.05). This difference 
in the amount of dense connective tissue was not seen 
in men (all P>0.07).

Picrosirius red staining showed that women had 
more collagen fibers than men in the entire cohort 
(77.8±10.8 versus 69.9±12.9%; P<0.001) and in TAV 
patients (77.7±8.4 versus 68.8±12.1%; P<0.001), while 
there was only a trend in YBAV (78.0±15.7 versus 
70.5±18.9%; P=0.06) and in OBAV (77.8±12.2 versus 
71.6±10.8%; P=0.09) patients (Figure 5B). No difference 
was seen between groups nor interaction between sex 
and group (P=0.79). Interestingly, the percentage of 
collagen fibers was correlated with hemodynamic se-
verity of the stenosis in YBAV women (P=0.001), while 
there was no significant association in other groups (all 
P≥0.14).

DISCUSSION
Our study demonstrates for the first time that (1) 
women with stenosed BAV have less calcification than 
men for the same hemodynamic severity of CAVD and 
confirm that women with stenosed TAV have less cal-
cification than men; (2) in young (<60  years of age) 
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women with BAV, the degree of aortic valve calcifica-
tion is not related to hemodynamic severity of aortic 
stenosis, while the quantity of collagen fibers is; (3) 
the quantity of dense connective tissue was higher 
in young BAV women than in other female groups. 
Interestingly, this variation of dense connective tissue 
was not seen in men according to phenotype of the 
valve and age; and (4) collagen fibers are more abun-
dant in women than in men but without differences 
between the valve morphology (BAV versus TAV) or 
the age of the patients.

Several studies have recently shown that women, 
for similar aortic stenosis severity, exhibit lower AVC 
than men after taking into account the effect of smaller 
body size, heart, and aortic annulus size.16–18,23,24 
However, in these studies TAV and BAV patients were 
analyzed together, with a large predominance of TAV 
patients and/or comorbidities that were highly differ-
ent between men and women. In our cohort, men and 
women were well matched for all clinical data and he-
modynamic severity of CAVD, and we have demon-
strated that BAVs from women also have lower AVC 
density compared with BAVs from male patients with 
similar CAVD severity and comorbidities.

Intrinsic differences between valves from men 
and women have been demonstrated at cellular and 

genetic levels.25,26 Apart from genetic mutations re-
lated to BAV and CAVD development, mechanical 
stress has been pointed out as an important feature 
leading to calcification and fibrosis of bileaflet valves. 
Interestingly, electron microscopy established that the 
ventricular side of the BAV is massively stripped from 
the protective endothelium layer compared with TAV, 
suggesting a much higher mechanical stress imposed 
on BAVs.27 In our study, the level of calcification was 
indeed higher in younger and older men with BAVs 
compared with men with TAVs, supporting these re-
sults. However, the degree of fibrosis was not affected 
by the morphology of the valve in all the different age 
groups in men, but was higher in women with TAVs. In 
the literature, numerous in vitro studies using Flexcell 
technology to reproduce the different forces imposed 
on valvular interstitial cells have been published.28–32 
Proteins implicated in the development of the valvu-
lar mineralization (ie, bone morphogenetic protein 2, 
osteoprotegerin, receptor activator of nuclear factor 
kappa- Β ligand, osteocalcin, osteopontin) have been 
highlighted as well as many markers of fibrosis and 
extracellular matrix reorganization like matrix metal-
loproteinases. Unfortunately, none of these studies 
investigated the sexual differences in response to 
these stimuli. However, one could speculate that, as 

Figure 3. Aortic valve gradient assessed by echocardiography and calcification assessed by MDCT according to the sex- 
age- phenotype group.
Box plot graphs showing (A) mean transvalvular gradient and (B) aortic calcification density (ie, aortic valve calcification divided by 
cross- sectional aortic annulus). In each age- phenotype group, women and men had equivalent hemodynamic severity aortic stenosis; 
however, women had lower calcification than men. In men, OBAV patients show higher aortic valve calcification than TAV patients 
linked to slightly more severe aortic stenosis, and YBAV despite equivalent aortic stenosis severity. In women, YBAV shows the lowest 
aortic valve calcification density despite similar aortic stenosis severity. Box plot format: the box indicates the 25th to 75th percentiles; 
the line within the box indicates the median; and the whiskers indicate the 10th to 90th percentiles. OBAV indicates old bicuspid aortic 
valve; PM, P- value between men groups; PW, P- value between women groups; TAV, tricuspid aortic valve; and YBAV, young bicuspid 
aortic valve.
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we obtained in our study, the calcification markers are 
upregulated in men with BAVs as well as TAVs but to 
a lesser extent, while in women, actors of the fibrotic 
processes could be activated independently of valvular 
morphology and age of the patients, and result in en-
hanced remodeling.

Sex hormones may also have an impact on 
valve calcification. Recently, androgen receptors 
have been found to be expressed in aortic valves 
and their expression was more important in cal-
cified valves.33 In this study, in vitro testosterone 
supplementation increased calcification of vascu-
lar smooth muscle cells, while in other studies the 
opposite was found.34 In postmenopausal women, 
PvuII polymorphism in estrogen receptor α gene 
is related to the development of CAVD.35 Also, β- 
estradiol treatment of rat/porcine valvular interstitial 
cells cultured in osteogenic media decreased cell 
proliferation in female cells.36 However, the used os-
teogenic media contained a high concentration of 

dexamethasone, which may have an antiestrogen 
effect. In women, the calcification process seemed 
to be influenced by the phenotype of the valve and, 
more importantly, by the age of the patient, while 
fibrosis is not regulated by these factors. Especially 
in young BAV women, calcification is less import-
ant, while collagen content is equivalent to that of 
older BAV and TAV patients, and connective tissue 
appears to be more dense. These age- related dif-
ferences were not seen in men. This could be linked 
to the hormonal status that is different in women 
before and after menopause.

Finally, response to other stimuli could be differently 
regulated in men and women, such as the higher im-
pact of interferon- α in men compared with women. 
Interferon- α is a weak proinflammatory cytokine that 
cooperates with lipopolysaccharide in aortic valve in-
terstitial cells. In cell culture, inflammation, apoptosis, 
and osteoblastic differentiation were more important 
after 24 hours of a treatment with interferon- α in men 

Figure  4. Correlation between aortic valve calcification density and hemodynamic severity of aortic stenosis (mean 
gradient) according to the sex- age- phenotype group.
Correlation in men (A) and in women (B). *P value adjusted for body surface area, systolic blood pressure, coronary artery disease, 
estimated glomerular filtration rate, and stroke volume index.
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compared with women,37 which may explain the in-
crease in aortic valve calcification in men compared 
with women.

A recent study investigated the sex differences in 
the pathology of aortic valves in rheumatic heart dis-
ease, an autoimmune disease caused by group A 
streptococci infection and frequently affecting the 
aortic valve. Aortic valves from female patients had in-
creased collagen, monocytes/macrophages, neovas-
cularization, and inflammatory genes involved in the 
nuclear factor kappa- light- chain enhancer of activated 
B cells pathway. They also found reduced apoptotic 
signals in women, which is consistent with reduced 
mineralization that we observed in our specimens from 
female patients.38

Interestingly, it seems like the disease is more 
similar between OBAV and TAV than in YBAV pa-
tients. These findings suggest that the pathophysi-
ological mechanisms leading to the development of 
CAVD might be, at least in part, different between 
the older and the younger middle- aged patients. In 
the younger patients, it is believed that lipid- mediated 
inflammation, and insulin resistance might play a pre-
dominant role in the pathogenesis of CAVD, whereas 
altered phosphocalcic metabolism and activation 
of the renin- angiotensin system might be the cause 

in older patients.39–43 Further studies are needed to 
identify the age- related differences in the pathogen-
esis of CAVD.

However, sex- specific pathophysiology of CAVD ex-
plaining the differences observed between men and 
women and in women between YBAV, OBAV, and 
TAV patients are far from being understood. The un-
derstanding of these processes may help develop tar-
geted medical therapies in aortic stenosis.

LIMITATIONS
The principal limitation of this study is the limited num-
ber of stenosed BAVs. The smaller BAV group trans-
lates into lower power to detect differences.

CONCLUSIONS
In stenosed aortic valves, the pathophysiology ap-
pears to be sex- specific and probably age- specific in 
women. Aortic valves explanted from women present 
with less calcification and denser connective tissue, 
with more fibrosis than men regardless of age and 
phenotype (ie, bicuspid versus tricuspid). Moreover, 
YBAV women had the lowest valve calcification for the 
same hemodynamic stenosis severity compared with 

Figure 5. Histological assessment of matched stenotic valves.
Box plot graphs showing (A) dense connective tissue proportion by Masson’s trichrome staining and (B) collagen fibers proportion 
by Picrosirius red staining. In each age group, percentage of dense connective tissue and percentage of collagen fibers are higher in 
women than in men, while significance is reach only in TAV patients and YBAV patients for dense connective tissue. The percentage 
of dense connective tissue appear to be higher in YBAV, especially in women, while the percentage of collagen was equivalent in 
each group according to sex of the patient. Box plot format: the box indicates the 25th to 75th percentiles; the line within the box 
indicates the median; and the whiskers indicate the 10th to 90th percentiles. OBAV indicates older patients with bicuspid aortic valve; 
PM, P- value between men groups; PW, P value between women groups; TAV, tricuspid aortic valve; and YBAV, younger patients with 
bicuspid aortic valve.
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OBAV and TAV women. This age- related difference 
was not seen in men. Further studies are required to 
better understand aortic valve remodeling in aortic ste-
nosis according to the sex and age of the patient.
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