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The morbidity and mortality of aortic pathologies remain significant in the 
current era despite continued progress in understanding and treatment. 
Aortic aneurysm and dissection accounted for 9,317 deaths in 2020, a rate 
of 2.8 per 100,000 people, though this has been slowly trending down over 
the past two decades.1 Despite this, the true impact of both thoracic and 
abdominal aortic disease may be underestimated as many of these patients 
expire without a diagnosis and prior to receiving care. Many of these deaths 
may be preventable, particularly for abdominal aortic aneurysm (AAA), with 
multiple large-scale studies demonstrating a mortality benefit from 
screening of at-risk patients.2–4 Thus far, exploration of mechanistic factors 
contributing to both loss of aortic wall integrity and aneurysm formation 
have mostly considered both sexes together despite consistent clinical data 
demonstrating sex-specific differences. In some cases, this is limited by the 
prevalence of the disease, yet the formation of national registries and 
collaborative working groups has yielded large data sets with robust patient 
data allowing for exploration of nuances in aortic disease.

This review summarizes the current understanding of sex differences in 
both thoracic and abdominal aortic disease and highlights critical 
knowledge deficits, which merit further investigation. Improved 
understanding of the sexual dimorphism in aortic disease will contribute 
to tailored care for these patients and underscore the importance of 
considering sex as a key variable in future basic science, translational, 
and clinical studies in aortic disease.

When addressing sex differences that pertain to biological sex at birth or 
other biological factors (including discussion of chromosomes, sex 
organs, and endogenous hormonal profiles), we have adopted the SAGER 
guidelines for sex and gender reporting. As such, we will designate sex 
differences with the terms ‘female’ and ‘male’. When addressing societal 

impact factors or in studies in which gender was self-reported, we will 
designate gender differences with the terms ‘women’ and ‘men’. We 
acknowledge there are data limitations in this review as many historic 
studies did not ask participants to specify biological sex and self-
designated gender.

Epidemiology and Clinical 
Presentation of Aortic Disease
Thoracic Aortic Disease
Unlike AAA, which is more common in men, the prevalence of thoracic 
aortic aneurysm (TAA) in patients with a normal (tricuspid) aortic valve 
appears to be equal between men and women. Population studies from a 
Minnesota county have demonstrated an equal incidence of TAA between 
the sexes; this is corroborated in a Swedish study of autopsy subjects.5–7 
Conflicting reports about TAA prevalence being higher in men may be 
attributed to the inclusion of aortic dissection and rupture cases, which 
appear be higher among men.8 A consistent finding in TAA epidemiology 
has been a later age of presentation, by approximately one decade, in 
women with TAA compared to men. In the two Minnesota population 
studies previously described, the authors noted ages of presentation of 65 
years and 62.8 years for men compared to 77 years and 75.9 years among 
women.5,6 Older age of presentation in women is important to note for 
diagnosis and management considerations because increased age is 
associated with both non-operative and operative morbidity and mortality. 
Etiology of TAA includes both heritable causes, usually with strong familial 
association and younger age of presentation, as well as degenerative TAA, 
which occurs at a later age. Sexual dimorphism has also been observed in 
aneurysm growth rates. In a prospective study of 82 patients with 
degenerative and heritable TAA, both absolute and indexed aneurysm 
growth rates were over twofold greater in women compared to men.9 
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Further stratification by etiology determined that aortic growth in women 
with degenerative TAA was over three-times greater than in men 
(p=0.0009); this contrasts with women with heritable TAA, who displayed 
similar growth rates to men.9 Aortic growth rates are an additional 
consideration in risk stratification for aortic complications and are, 
therefore, included in guidelines to guide timing of aortic intervention.

Recent studies on gender-specific epidemiology of aortic dissection 
suggest that aortic dissection is more common among men, though, as in 
TAA, women tend to present at a later age. A study from the International 
Registry of Aortic Dissection (IRAD) database from 2004 found that men 
comprised 67.9% of enrollees, and that they were significantly younger 
than their women counterparts (60.3 years versus 66.7 years, p<0.001).10 
A 2022 IRAD study of 2,823 patients with acute type A dissection similarly 
found an approximately 2:1 ratio between genders (65.6% men), with 
women presenting later in life (65.4 years versus 58.6 years, p<0.001).11 A 
German registry recently published data on 3,380 patients with similar 
patterns of acute type A dissection being twice as common in men with 
women presenting at a later age.12 However, both the IRAD and German 
registries focus on patients undergoing surgical intervention and thus 
may not capture the full spectrum of patients with acute aortic dissection. 
This is particularly critical given that a more advanced age of presentation 
in women may result in a tendency to non-operative management. It is 
also important to note that the extent of dissection appears similar across 
genders, although the imaging findings, such as false lumen thrombosis 
and intramural hematoma, were significantly different between men and 
women.11 Taken together, these findings suggest both sex- and gender-
specific mechanisms may contribute not only to aortic wall integrity but 
also subsequent non-operative and surgical outcomes.

Prior studies have also noted sex and gender differences in inherited 
aortopathies including patients with a bicuspid aortic valve and those with 
connective tissue disorders. Both valvular disease and aortopathy display 
increased prevalence among males with a bicuspid aortic valve in 
comparison to females.13,14 A recent epidemiological study of 1,887 
bicuspid aortic valve patients from the Netherlands demonstrated a 
statistically significant difference in aortic dimensions, after adjustment 
for morphometric properties, at the level of the aortic annulus, the sinus 
of Valsalva, and the sinotubular junction, with males having larger 
diameters.13 There is a paucity of data examining aortic dissection 
specifically in patients with a bicuspid aortic valve though large-scale 
studies powered to explore sex differences may further guide indications 
for prophylactic aortic replacement in these subgroups.

Marfan syndrome, a connective tissue disorder associated with a defect in 
the fibrillin-1 gene, displays equal gender distribution. However, a 
population study revealed that men carry a significantly increased risk of 
aortic events (HR 1.75) and that these events occur at an earlier age than 
in females (median 36.5 versus 39.2 years).15 The risk of pregnancy-
associated aortic events in patients with Marfan syndrome is also worth 
noting. Though data remain limited, observations of pregnancy-associated 
aortic dissection have resulted in consensus guidelines recommending a 
threshold for surgical intervention at an aortic diameter of 40 mm for 
women with Marfan syndrome contemplating pregnancy.16–18 These 
patients warrant close monitoring and multidisciplinary follow-up as there 
is additional concern about postpartum and long-term risk of aortic 
events.

In patients with Ehlers-Danlos syndrome, particularly the vascular subtype 
resulting from a defect in collagen type III, men demonstrated lower 

median survival attributable to vascular rupture with men experiencing 
aortic complications at a mean age of 32.6 years compared to 41 years in 
women (p<0.01).19 Other aortopathies, such as Loeys-Dietz syndrome and 
familial thoracic aortic aneurysm and dissection, are rare, but appear to 
be more common in men. Turner syndrome, a genetic disorder affecting 
females exclusively and characterized by complete or partial loss of one X 
chromosome (XO), is associated with a bicuspid aortic valve and carries a 
risk of acute aortic dissection that is almost 100-fold higher than in the 
general population.20 Greater differentiation of sex-specific characteristics 
will likely result from multi-institutional, longitudinal data collection, which 
has the potential to provide key findings to guide management, reduce 
disease burden, and increase lifespan for both sexes in these younger 
patient populations.

Abdominal Aortic Disease
Variations in the cutoff diameter for diagnosis of AAA in the literature have 
led to inconsistent reporting of the prevalence of the disease overall. 
Despite this, multiple studies have confirmed the greater prevalence of AAA 
among men. In one study of patients screened regardless of risk, 4.6% of 
men had an AAA >3 cm compared to only 1.2% of women.21 Following 
adjustment, the odds ratio for AAA in men was 3.24.21 These ratios correlating 
male gender and the prevalence of AAA have been corroborated in other 
studies.22–24 Similar gender differences, namely predominance among men, 
are noted in epidemiological studies of patients with ruptured AAA.25,26 
Older age and current or prior smoking have been associated with AAA 
across genders.27 Similar to TAA, women are older at diagnosis with AAA. 
Current US Preventive Task Force (USPTF) guidelines recommend ultrasound 
screening only for men and particularly for men who have smoked.2,28 The 
2022 AHA/ACC guidelines for aortic disease suggest that screening for 
women ≥65 years of age who have ever smoked is reasonable.28 The 
incorporation of gender into AAA management guidelines clearly reflects 
the abundance of evidence confirming the gender dimorphism of AAA.

AAA growth rates also appear to differ between men and women. Mofidi 
et al. examined expansion rates in more than 1,200 patients and found 
median annular growth rates of 3.67 mm/year in women compared to 
2.03 mm/year in men, with gender independently predicting faster growth 
among women.29 This dichotomy was particularly evident for aneurysms 
≥60  mm.29 Furthermore, increased rates of expansion have also been 
correlated with elevated rupture risk.30 The addition of 3D modeling and 
longitudinal monitoring of changes in aortic shape, and not simply 
orthogonal diameter, may provide further insight into developing rupture 
risk.31,32 With the higher mean annular growth rates, particularly at greater 
diameters, women may benefit from more frequent surveillance of their 
aneurysms.

Though there are clear data demonstrating a greater prevalence of AAA 
among men compared to women, there is some debate about the relative 
risk of rupture across genders.33–35 In one study comparing aneurysms 
5–5.9 cm, rupture risk was 0.01% per year in men and 0.15% in women, 
with a similar pattern holding for aneurysms >6 cm.30 Others have astutely 
explored relative body size in relation to rupture risk with findings that an 
indexed aneurysm diameter was more predictive than diameter alone for 
determination of rupture risk among women.36 In men, diameter alone 
was most predictive of rupture.36 These gender differences are important 
to keep in mind in the development of screening guidelines, particularly if 
there is concern about higher morbidity associated with AAA in women 
despite the lower prevalence. Nevertheless, the lower prevalence of AAA 
in women has led to the underrepresentation of women in some screening 
trials, further contributing to the lag in understanding of AAA in women.37
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Pathophysiology
Thoracic Aortic Disease
Current clinical knowledge deficits in thoracic aortic disease center 
largely around the inability to predict TAA formation, progression, and risk 
of aortic catastrophe. Guidelines dictate prophylactic aortic replacement 
at a threshold diameter, dependent upon TAA etiology, yet in one study, 
59% of patients experiencing dissection fell below the diameter cut-off.38 
From a biological standpoint, much remains to be explored in the 
physiology and pathophysiology among the components of the aortic wall 
layers, including relevant cell types, the extracellular matrix, and local 
mediators.

One hallmark feature of the classic description of cystic medial 
degeneration observed in the pathologic evaluation of TAA is that of 
smooth muscle cell (SMC) apoptosis. As the key effector cells in the 
aortic media and primary mediators of extracellular matrix regulation, 
aortic SMCs play a vital role in aortic wall homeostasis; thus, regulation 
of cell turnover, differentiation, phenotypic switching, and proliferation 
may all contribute to pathogenesis. Clinical and basic science studies 
have associated TAA development in females with menopause, 
suggesting a potential protective role of sex hormones in aneurysm 
formation.39–41 Control of SMC turnover may be at least partially 
explained by the effects of estrogen on SMC proliferation. SMC 
proliferation and migration have been shown to be inhibited by 
physiologically relevant concentrations of 17β-estradiol, an effect that 
was reversed by treatment with an estrogen receptor inhibitor.42 Aside 
from the aortic media, cells in the aortic endothelium are also thought 
to contribute to TAA pathogenesis. Nitric oxide (NO), a potent vasodilator 
synthesized by NO synthase, promotes vasoprotection and may inhibit 
atherosclerosis.43 Treatment of aortic endothelial cells with estrogen 
increased NO production through increased endothelial nitric oxide 
synthase (eNOS) expression; treatment with testosterone, in contrast, 
had no effect.44 Estrogen-regulated eNOS expression has also been 
corroborated in an animal model.45 Testosterone, on the other hand, 
has been shown to promote oxidative stress in vitro and may mitigate 
some of the protective effects of estrogens in vascular cells.46,47 Despite 
these findings, there is a paucity of data on the influence of sex in other 
mechanisms implicated in thoracic aortic disease including transforming 
growth factor (TGF)-β signaling, extracellular matrix production, and 
mechanosensing, among others.

Abdominal Aortic Disease
Though both TAA and AAA are characterized by structural deterioration of 
the aortic wall resulting in dilatation, there are distinct pathophysiological 
processes that play a role in AAA disease but are not as prominent in TAA 
disease. In addition to oxidative stress, extracellular matrix degeneration, 
and smooth muscle cell changes that occur in TAA, inflammation is a key 
process in AAA pathophysiology.48 Additionally, smoking is a major risk 
factor for AAA formation but appears to be less influential in TAA. The 
association of AAA with other aneurysms, such as popliteal aneurysms, 
also suggests global changes in vascular physiology.24 Despite the strong 
clinical association between smoking and AAA, which is not prominent in 
TAA, the pathogenetic mechanism linking the two entities remains elusive. 
Furthermore, the influence of smoking on AAA formation appears to be 
stronger in men than in women. There are some data to suggest, however, 
that smoking induces changes in extracellular matrix production and 
degradation and may impact cellular responses to oxidative stress.24 
Thus, though similarities exist between TAA and AAA, vascular biology 
studies should always be extrapolated with caution given that the 
pathophysiology of aneurysmal disease in the aorta varies by region.

Like TAA, a temporal relationship between AAA formation in females and 
menopause has been observed, potentially suggesting a role for sex 
hormones in AAA pathogenesis. Whereas androgens have been shown to 
promote inflammation, oxidative stress, and proteolysis in the aortic wall, 
estrogens appear to exert the opposite effect.48 These findings are further 
supported by sex differences in the content and structure of the 
extracellular matrix in males and females.48 In particular, female sex 
steroids when compared to testosterone have been demonstrated to 
reduce collagen deposition and increase elastin production in vitro as 
well as increase fibrillin-1 deposition.49 Thus, it appears that not only the 
presence of male versus female sex hormones but also their physiological 
variations over time appear to modulate the key pathophysiological steps 
contributing to aneurysmal dilatation.

In addition to sex hormones, the contribution of genetic factors to 
aneurysmal disease has been explored. One study compared male and 
female mice, both with XY chromosomes, and found elevated rates of 
aneurysm development among female XY mice, thought to be driven by 
inflammation, extracellular matrix (ECM) degradation, and oxidative 
stress.50 AAA pathophysiology is clearly multifactorial; however, it is 
important to consider the relative roles and nuances of the individual 
pathways as they relate to biological sex.

Management and Outcomes
Thoracic Aortic Disease
Reports on medical and surgical outcomes of women with acute aortic 
dissection have varied. Medical management of type A dissection is 
associated with high mortality, though patient preference may dictate this 
management course and it is certainly possible that the older age of 
female patients may play into decision-making for or against surgery. 
There have also been reports of differences in operative approach to type 
A dissection, although there are insufficient data to conclude whether this 
reflects surgeon experience or potential bias in management. It is also 
important to note that women are frequently underrepresented in many 
endovascular device trials and thus true understanding of sex-based 
outcomes may be limited.37 In a Swedish study of patients with acute 
aortic dissection, there were no gender differences in rates of open 
operative management, although men were more likely to undergo 
thoracic endovascular aortic repair (TEVAR) than women.51

Data on postoperative outcomes for thoracic aortic disease are conflicting 
with one large study reporting no difference in 30-day mortality for 
descending thoracic aortic aneurysms.52 Nienaber et al. described higher 
mortality among women with type A dissection compared to men but no 
significant difference for type B dissection.10 More recent studies, however, 
demonstrate no differences in survival following operative repair of type 
A dissection between the sexes.11,53 In a study examining outcomes 
following TEVAR, however, length of stay, 30-day, and 1-year mortality 
were significantly increased among women, and gender independently 
predicted worse outcomes.54

Abdominal Aortic Disease
Like TAA, elective repair of AAA is based on diameter thresholds, with 
features such as rapid growth also contributing to evidence-based 
indications for repair. Prior to widespread adoption of endovascular aortic 
repair (EVAR), gender was associated with increased mortality for both 
elective and ruptured AAA repair as well as increased length of stay 
among women.55 The decision for open or endovascular repair is dictated 
by aneurysm anatomy and operative risk. Interestingly, variations in 
operative approach are evident between the sexes for both elective and 
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rupture repair.25 With the adoption of endovascular approaches for 
elective AAA repair, the year 2010 marked a shift from a predominantly 
open approach to an endovascular approach among men in a Canadian 
study, though rates of open and endovascular repair remained similar 
among women through 2016.25 A 2021 study of patients with AAA in the 
US found that women were 25% less likely to undergo surgery for AAA 
and, among those undergoing intervention, women were less likely to 
receive an endovascular compared to an open repair.56 Both authors do 
note that the reduced rates of endovascular repair may be attributable to 
anatomic differences precluding EVAR in women. Nevertheless, it is 
important to better understand patterns in surgical referral, decision-
making, patient preference, and surgical planning among genders to 
ensure equitable care.

These gender differences in AAA management are particularly critical, 
given that EVAR has been associated with lower mortality and shorter 
length of stay and thus may improve outcomes, which have historically 
been worse among women.26 Among patients undergoing operative 
repair for ruptured AAA, one study found that women had a 48% increase 
in 30-day mortality compared to men, which they attributed to delays in 
intervention.57 Interestingly, another investigation found that women 
displayed worse outcomes than men for elective EVAR though there were 
no gender differences in open repair or emergency repair using either 
approach.58 The increased mortality in women was accompanied by 
greater blood loss, more frequent ischemic complications, and greater 
rates of intraoperative arterial rupture or endoleak requiring intervention.58 
Others have found inferior outcomes for both open and endovascular 
approaches among women undergoing elective AAA repair.59,60 Further 
work will be critical to understand whether these disparities are driven by 
technical factors making aneurysm repair more complicated in women or 
physiological factors, such as the later age at presentation.

Future Directions
Clinical observations on sex and gender differences in aneurysm disease 
presentation, management, and outcomes reveal a multitude of areas for 
further investigation. It is clear that the treatment approach for these 
patients should incorporate all available data regarding sex and gender 
differences with respect to the epidemiology, pathophysiology and 
outcomes of TAA and AAA. It is plausible that future guidelines for TAA will 

be sex-specific, as in AAA, as more information is obtained about relative 
dissection risk and the benefit of elective repair. Furthermore, elucidation 
of specific perioperative complications following elective and emergent 
repair of aneurysmal disease among genders may guide operative 
approach and postoperative management to improve mortality. Ultimately, 
improved understanding of various contributors to aneurysmal 
degeneration, including sex- and gender-specific data, will inform 
personalized management and understanding of aortic catastrophe risk. 
Incorporation of biological sex, as well as self-identified gender, as key 
variables in clinical, translational, and basic science research studies on 
aortic disease ensures comprehensive understanding of the disease 
process and represents an initial step towards mitigating any disparities in 
treatment. The interplay between sex, genetics, environmental factors, 
gender-bias among patients and providers, and molecular and cellular 
pathophysiology is undoubtedly complex. Despite this, significant 
progress has been made in the past few decades to bridge the knowledge 
gap. Continued efforts, including multi-institution clinical databases, 
collaborative studies using translational research, and application of 
advanced statistical techniques will further delineate the role of sex in TAA 
and AAA and help to guide clinical practice.

Conclusion
A large body of research has focused on sex and gender differences in 
AAA; however, less work has been published exploring such differences 
in TAA. Accountability regarding inclusion of sex as a biological variable in 
all human studies was recently highlighted in a 2015 National Institutes of 
Health (NIH) notice, underscoring its importance for all human studies.61 
Additionally, a statement from the Arteriosclerosis Thrombosis Vascular 
Biology Council has recently issued guidelines specific to cardiovascular 
disease for experimental design to accurately account for sex in preclinical 
studies.62 Given what is known and unknown from a clinical and biological 
standpoint about sex differences in thoracic and abdominal aortic disease, 
it is reasonable to question, for example, how the aortic wall biology and 
pathophysiology of a 60-year-old male relates to that of a 70-year-old 
female. Echoing the call to include sex and gender as a biological variable 
in experiments by the NIH, future work with a deliberate attention to and 
incorporation of sex and gender in experimental design will be necessary 
to further elucidate key pathogenic mechanisms that may provide insight 
into potential therapeutic targets. 
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