
   1D'Ascenzi F, et al. Br J Sports Med 2024;0:1–7. doi:10.1136/bjsports-2023-107772

Sport PRactice and its Effects on aortic size and valve 
function in bicuspid Aortic valve Disease: a cross- 
sectional report from the SPREAD study
Flavio D’Ascenzi    ,1 Luna Cavigli    ,1 Matteo Cameli,1 Guido Claessen    ,2 
Emeline M van Craenenbroeck,3 Elena Cavarretta,4,5 Antonello D’Andrea,6 
Maria Sanz De la Garza,7 Thijs M H Eijsvogels    ,8 Roland R J van Kimmenade,9 
Laura Galian- Gay,10 Martin Halle,11 Giulia Elena Mandoli,1 Valentina Mantegazza,12 
Antonella Moreo,13 Bibi Schreurs,8 Laura Stefani    ,14 Jose L Zamorano,15 
Antonio Pelliccia,16 Michael Papadakis17,18 

Original research

To cite: D’Ascenzi F, 
Cavigli L, Cameli M, et al. 
Br J Sports Med Epub ahead 
of print: [please include Day 
Month Year]. doi:10.1136/
bjsports-2023-107772

For numbered affiliations see 
end of article.

Correspondence to
Dr Flavio D’Ascenzi;  
 flavio. dascenzi@ unisi. it

Accepted 25 July 2024

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective Concerns exist about the possible 
detrimental effects of exercise training on aortic size 
and valve function in individuals with bicuspid aortic 
valve (BAV). This multicentre international study aimed 
to determine the characteristics of aortic size and valve 
function in athletes versus non- athletes with BAV and 
athletes with tricuspid aortic valve (TAV).
Methods We enrolled competitive athletes with BAV 
and age- and sex- matched athletes with TAV and non- 
athletes with BAV. We assessed valve function, aortic 
size and biventricular measures using echocardiography. 
Individuals with established moderate- severe AV stenosis, 
regurgitation or significant aortic dilation were excluded 
from the study.
Results The study population comprised 504 
participants: 186 competitive athletes with BAV (84% 
males; age 30±11 years), 193 competitive athletes with 
TAV and 125 non- athletes with BAV. The aortic annulus 
was greater in athletes with BAV than athletes with TAV 
and non- athletes with BAV (p<0.001). Both athletic and 
non- athletic individuals with BAV had greater sinuses 
of Valsalva, sino- tubular junction and ascending aorta 
diameters than athletes with TAV (p<0.001). However, 
no significant differences were found between athletes 
and non- athletes with BAV. Left ventricular index 
volumes and mass were greater in athletes with BAV 
than in the other two groups (p<0.001). Individuals 
with BAV (athletes and non- athletes) had greater mean 
gradients than TAV athletes.
Conclusion This multicentre international study 
demonstrates no differences between athletes with 
BAV and non- athletes with BAV regarding aortic valve 
function or aortic dimensions. However, athletes with 
BAV have larger aortic diameters and a relatively worse 
valvular function than athletes with TAV.

INTRODUCTION
Bicuspid aortic valve (BAV) is the most common 
congenital heart valve disease in the general popula-
tion, including young athletes.1 2 Although initially 
considered a benign entity, it is now recognised as a 
valvulo- aortopathy of clinical interest. Patients with 
BAV may develop progressive valve dysfunction in 
the form of stenosis or regurgitation, dilation of the 

aortic root and ascending aorta, and reduced aortic 
elasticity, placing them at risk for dissection.3–5

Age, height, weight and body surface area (BSA) 
are key determinants of aortic root dimensions in 
healthy individuals, but also sex and blood pres-
sure may affect aortic root size.4 6 However, these 
parameters are only partially useful in BAV patients 
as predictors of disease progression and future 
occurrence of valve dysfunction and/or aortic dila-
tation. The progression of valvular disease and/
or aortopathy in patients with BAV is caused by 
multifactorial determinants, and the impact of 
sports practice remains uncertain.5 Intense exercise 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Concerns exist about the potential negative 
effects of exercise on valve function and aortic 
size in athletes with a bicuspid aortic valve 
(BAV). However, few studies with small sample 
sizes are available. Therefore, we conducted 
a multicentre study to enrol a population of 
athletes and non- athletes with BAV.

WHAT THIS STUDY ADDS
 ⇒ The study demonstrates that competitive 
athletes with BAV have larger aortic diameters 
and worse valvular function than athletes 
with tricuspid aortic valve (TAV). However, no 
differences were found between athletes and 
non- athletes with BAV without significant 
aortic valve stenosis/regurgitation or aortic root 
dilatation at study entry. Furthermore, athletes 
with BAV demonstrated a remodelling of the 
left ventricle that goes beyond usual training- 
induced adaptation.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The present findings suggest that competitive 
athletes with BAV do not differ from non- 
athletes with BAV. Close, longitudinal follow- up 
is needed, considering we observed a greater 
remodelling of the left ventricle, larger aortic 
diameters and worse aortic valve function than 
athletes with TAV.
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may potentially have a detrimental effect on athletes with BAV, 
placing them at a higher risk for valvular disease progression and 
aortic dissection or rupture.7 8

Exercise training may affect aortic size due to the haemo-
dynamic stress on the aorta, and elite athletes with tricuspid 
aortic valve (TAV) exhibit mild aortic enlargement,9 10 although 
the aortic remodelling is usually consistent with left ventric-
ular (LV) remodelling.11 In athletes with BAV, however, the 
evidence is conflicting: while some studies demonstrated that 
athletic training has no impact on the progression of aortic dila-
tation,1 12 others reported aortic dimensions increasing signifi-
cantly in athletes with BAV versus TAV in a 5- year follow- up 
period.13 Unfortunately, data currently available are mostly 
derived from single- centre studies and are usually restricted to 
small cohorts of individuals with BAV.1 2 12–15

This multicentre, international registry enrolled a large cohort 
of individuals with BAV and aimed to characterise competitive 
athletes with BAV compared with non- athletes with BAV and 
competitive athletes with TAV to determine whether these popu-
lations differ regarding aortic size and valve function.

METHODS
Study design
The SPREAD (Sport PRactice and its Effects on bicuspid aortic 
valve Disease) is a multicentre study promoted by the University 
of Siena, the European Association of Preventive Cardiology and 
the European Association of Cardiovascular Imaging.16 13 inter-
national centres with recognised sports cardiology and cardiac 
imaging expertise participated in the study. The first phase of 
the project, presented in this manuscript, consisted of a cross- 
sectional study aiming to evaluate valve function ascending 
aortic dimensions and establish the prevalence of aortic dilata-
tion and aortic regurgitation or stenosis in athletes with BAV, 
compared with TAV athletes and BAV non- athletes.

In the second phase of the project, all the participants will be 
followed up for 3–5 years to evaluate the impact of continued 
sports practice on the progression of BAV disease.

Study group
Three distinct groups of participants were enrolled: (1) competi-
tive athletes with BAV, (2) competitive athletes with TAV and (3) 
sedentary patients with BAV (non- athletes). All individuals were 
≥18 years old. Competitive athletes (with either BAV or TAV) 
were defined as individuals training regularly for >5 hours/week 
and for ≥3 years and participating in competitions in a wide 
variety of sports disciplines. Non- athletes were defined as indi-
viduals who performed less than 3 hours of organised exercise 
per week, have not practised sport at a professional level in the 
past, have not practised competitive sports in the previous 5 
years, and did not have a history of sports competitions in the 
previous 15 years. Athletes with TAV and non- athletes with BAV 
were age- and sex- matched to athletes with BAV. A case–control 
matching was performed with respect to important confounding 
factors represented by age and sex.

Our evaluation included the clinical and family history for 
coronary artery disease and/or sudden cardiac death, exercise 
history, physical examination and echocardiographic indices. 
Individuals with a definitive diagnosis of a high suspicion of 
cardiomyopathy were excluded from the study. Demographic 
parameters included age, sex, height and weight.

The exclusion criteria were:
 ► Moderate or severe aortic valve stenosis or regurgitation 

at first evaluation, taking into account that BAV with mild 

valve dysfunction are the most common forms in the athletic 
population and that usually athletes with moderate or severe 
valve dysfunction are considered not eligible for sports 
competitions in most of the countries.

 ► Significant aortic root or ascending aorta dilatation, defined 
as >45 mm in men (M) and >41 mm in women (F) at first 
evaluation. These cut- off values were arbitrarily established, 
considering the current recommendations, the average 
values of aortic dimensions collected in male and female 
competitive athletes, and the clinical practice.7 10 17 18

 ► Moderate or severe mitral, tricuspid or pulmonary valve 
disease.

 ► Aortic coarctation.
 ► LV or right ventricular (RV) systolic dysfunction.
 ► History of rheumatic fever.
 ► The presence of other cardiovascular comorbidities, 

including arterial and/or pulmonary hypertension or regular 
therapy with an effect on the cardiovascular system.

 ► Technically unsatisfactory examinations due to a poor 
acoustic window.

 ► Individuals with a definitive or borderline diagnosis of 
Marfan syndrome, a positive family history of aortic aneu-
rysm dissection or first- degree family members with a defin-
itive diagnosis of aortopathy (except for BAV).

According to the exclusion criteria established for enrolling 
individuals with BAV in the absence of significant aortic dila-
tation and moderate or severe aortic valve regurgitation or 
stenosis, based on the different populations evaluated in the 
different centres, the range of individuals (athletes or non- 
athletes with BAV) excluded from the initial population varies 
from 24% to 55%.

In competitive athletes, sports disciplines were classified 
according to the ESC Sports Cardiology Guideline recommen-
dations7 into four types: (1) skill (ie, golf, table tennis, etc), (2) 
power (ie, wrestling, boxing, etc), (3) mixed (ie, soccer, tennis, 
volleyball, etc) and (4) endurance (ie, cycling, triathlon, etc). 
Information about the lifetime history of exercise, training and 
sports and the hours of training per week was systematically 
collected via an interview during the clinical evaluation.

Echocardiography
Echocardiographic examinations were performed by experi-
enced cardiologists or trained sonographers, according to the 
policy of each centre, using standardised echocardiograms. To 
harmonise data collection and to reduce heterogeneity, a video 
tutorial and online materials on how to measure aortic size and 
function and cardiac dimensions were prepared by the coordi-
nating centre (ie, the Division of Cardiology of the Department 
of Medical Biotechnologies of the University of Siena, here-
after the ‘echo lab’) and made available for all the participating 
centres. Given the excellent reproducibility of aortic diameters 
measured by echocardiography,19 20 we conducted the intraclass 
correlation coefficient (ICC) analysis in the coordinating centre, 
demonstrating an excellent inter- observed variability (ICC 0.89–
0.92). The inter- centre variability also demonstrated a good 
agreement (ICC 0.86–0.90).

The aortic annulus, sinuses of Valsalva, sino- tubular junction, 
ascending aorta and aortic arch diameters were measured as 
recommended.6 Aortic size and other valve regurgitation and/
or stenosis were assessed according to the current guidelines.21 22

The type of BAV was assessed, and the following code was 
used for the nomenclature: 1 for type 1 (right and left cusps 
fusion) without raphe; 2 for type 1 with raphe; 3 for type 2 
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(right and non- coronary cusps fusion) without raphe; 4 for type 
2 with raphe; 5 for type 3 (left and non- coronary cusps fusion 
with raphe).23

LV diameter and LV volumes were obtained as recommended.6 
These measures were indexed to BSA. LV ejection fraction (EF) 
and RV fractional area change were calculated as recommended.6 
Doppler interrogation of the tricuspid regurgitant jet was used 
to estimate pulmonary artery systolic pressure. Pulsed- wave 
Doppler and tissue Doppler imaging evaluation were recorded 
to obtain E peak and A peak velocities, E/A and E/e′ ratio and 
RV s′ velocity.6

Data analysis
Demographic and echocardiographic data were collected using 
the online platform REDCap software (Research Electronic 
Data Capture), a browser- based, metadata- driven electronic 
data capture software and workflow methodology for building 
and managing online surveys and databases that support online 
or offline data capture for research studies and specifically for 
multicentre studies. The Department of Medical Biotechnologies 
of the University of Siena, Italy, provided access to the online 
system. Data management (quality control, extraction, etc) 
was centralised and conducted by the Department of Medical 
Biotechnologies of the University of Siena. The data collected 
from different centres were anonymised.

STATISTICAL ANALYSIS
The Department of Medical Biotechnologies of the University 
of Siena performed data analysis. The normality of quantitative 
variables was verified with the Shapiro- Wilk test. Continuous 
variables were reported as mean±SD or median and SE, and cate-
gorical variables were reported as absolute numbers or percent-
ages. Categorical data were tested with the χ2 test. According to 
data distribution, the analysis of variance or Friedman test was 
used to assess the statistical significance of the difference among 
the different groups. The post hoc analysis of multiple variables 
was conducted using the Bonferroni or Dunn test as appropriate 
for data distribution. Correlation analyses were performed to 
explore the association between aortic size and demographic 
variables (height, weight, BSA, age and sex) using the Pearson 
correlation coefficient, according to data distribution. A step-
wise linear regression analysis was also used to determine the 
independent predictors of aortic size. We employed a backward- 
stepping model. The input variables included in the models were 
parameters identified as independent predictors in the univariate 
analysis (p for inclusion <0.10). A p value <0.05 was consid-
ered statistically significant for all the analyses. The analysis was 
conducted using the SPSS V.21.0 (Chicago, Illinois).

The statistical analysis and presentation are consistent with 
the CHAMP statement.24

Equity, diversity and inclusion statement
The study was designed to include both males and females and is 
representative of the population of athletes practising competi-
tive sports. Study participants were enrolled regardless of sexual, 
gender identity or ethnicity. The author team included 15 men 
and 14 women, including young researchers who actively partic-
ipated in the research project.

RESULTS
The study population was composed of 504 participants: 186 
athletes with BAV (84% males; mean age 30±11 years), 193 
athletes with TAV (82% males; mean age 30±11 years), 125 

non- athletes with BAV (82% males; mean age 34±10 years). In 
athletes and non- athletes with BAV, right/left fusion with raphe 
was the most frequent anomaly (55% and 54%, respectively), 
followed by right/left fusion without raphe (19% and 20%, 
respectively).

The demographic characteristics of the study population are 
reported in table 1. Most athletes were engaged in mixed sports 
(61% and 63% in the BAV and TAV athletes, respectively), 
followed by endurance (17% and 22%, respectively), power 
(16% and 12%, respectively) and skill disciplines (5% and 3%, 
respectively), with no significant differences between athletes 
with BAV or TAV.

The echocardiographic aortic characteristics are reported in 
table 2. The aortic annulus, the aortic sinuses of Valsalva, the 
sino- tubular junction and the proximal ascending aorta indexed 
diameters were larger in athletes with BAV than in athletes with 
TAV (<0.001), but there were no significant differences between 
BAV athletes versus non- athletes.

Individuals with BAV, athletes and non- athletes, had a greater 
mean gradient and higher prevalence of mild stenosis or regurgi-
tation compared with TAV athletes, but there were no significant 
differences between the BAV groups.

The echocardiographic data of the LV, RV and left atrial (LA) 
are described in table 3. LV end- diastolic and end- systolic volume 
index and LV mass were significantly greater in competitive 
athletes with BAV than in the other two groups. LV EF did not 
differ among the study groups. E and A wave velocities and E/A 
ratio did not differ among the groups, but E/e′ was lower in TAV 
athletes than in BAV individuals (p<0.001). RV outflow tract 
diameters did not differ among the groups; however, athletes 
with TAV had greater inferior vena cava diameters than individ-
uals with BAV (p<0.001).

Figure 1 summarises the main findings of the study.

Table 1 Demographic characteristics of the study population

Variables
BAV athletes 
(n=186)

TAV athletes 
(n=193)

BAV non- 
athletes (n=125)

P value 
overall

Age, years 30±11 30±11 34±10* 0.01

Males, n (%) 157 (84) 158 (82) 102 (82) 0.72

Height, cm 177±9 179±10† 176±10 0.01

Weight, kg 73±12 75±13 75±15 0.11

BSA, m2 1.89±0.19 1.94±0.21 1.88±0.22 0.06

BMI 23.1±2.5 23.3±2.7 23.4±3.9 0.58

Smoker, n (%) 17 (9) 14 (7) 15 (12) 0.31

Dyslipidaemia, n (%) 8 (4) 5 (3) 6 (5) 0.53

Family history CAD, 
n (%)

28 (15) 20 (10) 10 (8) 0.14

Sport discipline NA

Skill 10 (5.4) 6 (3.1)

Power 30 (16.1) 23 (11.9)

Mixed 114 (61.3) 121 (62.7)

Endurance 32 (17.2) 43 (22.3)

Hours of training per 
week

8±5 11±6† 2±1* <0.001

Years of training 12±7 14±7 NA 0.16

*P<0.005 between other groups.
†P<0.005 versus BAV non- athletes.
‡P<0.005 versus TAV athletes.
§P<0.005 versus BAV athletes.
BAV, bicuspid aortic valve; BMI, body mass index; BSA, body surface area; CAD, 
coronary artery disease; NA, not applicable.
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CORRELATION AND REGRESSION ANALYSIS
In the entire cohort, the univariate correlation analysis demon-
strated that age, sex, weight, height and BSA were signifi-
cantly associated with aortic annulus size (R=0.38, R=−0.39, 
R=0.45, R=0.39, R=0.46, respectively; p<0.001 for all the 
parameters), aortic root size (R=0.37, R=−0.27, R=0.31, 
R=0.22, R=0.30, respectively; p<0.001 for all the parameters) 
and ascending aorta diameters (R=0.38, R=−0.39, R=0.45, 
R=0.39, R=0.46, respectively; p<0.001 for all the parameters). 
The practice of competitive sports or specific disciplines did not 
correlate with aortic size.

In the population of competitive athletes with BAV, BSA, 
weight and height were significantly associated with aortic 
annulus size (R=0.36, R=0.34 and R=0.33, respectively; 
p<0.001 for all the parameters), aortic root diameters (R=0.47, 
R=0.42 and R=0.46, respectively; p<0.001 for all the parame-
ters), ascending aorta size (R=0.38, R=0.35 and R=0.36, respec-
tively; p<0.001 for all the parameters) and aortic arch diameters 
(R=0.37, R=0.35 and R=0.32, respectively; p<0.001 for all 
the parameters). In this population, a multivariate regression 
analysis was performed to determine the independent predictors 
of aortic size. In the multivariate regression analysis, the model 
with height+age+sex accounted for 59% of the variability of 
the aortic root and 45% of the ascending aorta explained by the 
model.

DISCUSSION
This is the first international, multicentre study on a large cohort 
of 504 individuals, comparing competitive athletes with BAV 
with athletes with normal aorta and with non- athletes with BAV. 
Considering the haemodynamic load associated with intense 

physical training, there are concerns that competitive sports 
may worsen the anatomic and clinical presentation of valvular 
disease and aortopathy in athletes with BAV.5 8 The present 
study is largely reassuring in this context by showing that: (1) 
competitive athletes with BAV had similar aortic dimensions to 
non- athletes with BAV, but larger than athletes with TAV, demon-
strating no differences in aortic dimensions between athletes and 
non- athletes with BAV; (2) individuals with BAV, athletes and 
non- athletes, had a greater mean gradient and higher prevalence 
of mild stenosis or regurgitation compared with TAV athletes but 
there were no significative differences within the BAV groups; 
(3) athletes with BAV demonstrated greater LV volumes and 
mass compared with both athletes with TAV and non- athletes 
with BAV, suggesting a peculiar LV remodelling in athletes with 
BAV.

Aortic dimensions
Our study did not find significant differences in the aortic size 
between BAV athletes and BAV non- athletes without signifi-
cant aortic valve stenosis/regurgitation or aortic root dilatation, 
suggesting the absence of a significant impact of regular training 
and competitive sport on aortic diameters in this specific popu-
lation. In a similar study, Boraita et al compared 41 BAV athletes 
with 41 BAV non- athletes and 41 TAV athletes. In agreement 
with our results, the authors reported that the aortic diameters 
were similar in both elite athletes and non- athletes with BAV 
but significantly larger compared with elite athletes with TAV, 
concluding that athletic activity, per se, had a limited impact 
on the aortic diameters.1 Similarly, Stefani et al observed that 
although aortic root dimensions were significantly greater in 
athletes with BAV compared with TAV athletes, no association 

Table 2 Echocardiographic aortic characteristics

Echocardiographic variables BAV Athletes TAV athletes BAV non- athletes P value

Aortic annulus, mm 25.0±3.6* 21.7±2.9† 23.9±3.6 <0.001

Aortic annulus index, mm/m2 13.3±1.9 11.3±1.5* 12.8±1.7 <0.001

Aortic annulus/height, mm/m 14.1±1.9 12.1±1.6 13.5±1.9 <0.001

Sinuses of valsalva, mm 33.1±4.2 32.0±3.2* 33.3±4.8 0.006

Sinuses of valsalva index, mm/m2 17.6±2.1 16.6±1.8* 17.9±2.2 <0.001

Sinuses of valsalva/height, mm/m 18.7±2.1 17.8±1.6 18.9±2.5 <0.001

Sinotubular junction, mm 29.4±4.4 27.6±3.3* 28.5±4.6 <0.001

Sinotubular junction index, mm/m2 15.6±2.2 14.3±1.8* 15.2±2.1 <0.001

Proximal ascending aorta, mm 32.7±5.1 29.4±3.4* 33.1±5.4 <0.001

Proximal ascending aorta index, mm/m2 17.4±2.6 15.2±1.9* 17.8±2.9 <0.001

Proximal ascending aorta/height, mm/m 18.5±2.6 16.1±2.2* 19.0±3.1 <0.001

Aortic arch, mm 25.1±4.0 24.8±3.0 24.2±4.7 0.15

BAV typeright and left cusps fusion without raphe, n (%) 36 (19.3) NA 26 (20.8) 0.46

Right and left cusps fusion with raphe, n (%) 103 (55.4) NA 68 (54.4)

Right and non- coronary cusps fusion without raphe, n (%) 16 (8.6) NA 11 (8.8)

Right and non- coronary cusps fusion with raphe, n (%) 29 (15.6) NA 17 (13.6)

Left and non- coronary cusps fusion with raphe, n (%) 2 (1.1) NA 3 (2.4)

Mean gradient, mm Hg 8.0±5.3‡ 3.9±1.5 6.3±5.4§ <0.001

Mild aortic stenosis, n (%) 31 (16.6) NA 13 (10.6) 0.12

Aortic regurgitation:
mild, n (%)

136 (73.1)‡ 3 (1.6) 82 (65.6) p<0.001

Mild mitral regurgitation, n (%) 57 (31.0)† 39 (20.5) 18 (14.6) 0.02

*P<0.005 between other groups.
†P<0.005 versus BAV non- athletes.
‡P<0.005 versus TAV athletes.
§P<0.05 versus TAV athletes.
¶P<0.005 versus BAV athletes.
BAV, bicuspid aortic valve; NA, not applicable; TAV, tricuspid aortic valve.
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existed between aortic size and years of training other than age, 
BSA or aortic regurgitation.2

As described in previous studies,17 25 TAV athletes show only a 
mild increase in aortic dimension compared with healthy seden-
tary controls, suggesting that sports, including the most intense 
endurance disciplines, per se, have only limited influence on 
aortic dimensions. Significant enlargement of the aortic root in 
highly conditioned athletes is uncommon and unlikely to repre-
sent the physiological sequelae of exercise training.17 25 26 Instead, 
a high prevalence of aortic dilatation is observed in sedentary 
BAV, suggesting that aortic enlargement is closely related to the 
pathophysiology of valve disease.3

In our study, where we enrolled individuals with BAV without 
significant aortic valve stenosis/regurgitation or aortic root dila-
tation, BAV athletes and BAV non- athletes had more frequently 
mild aortic stenosis or aortic regurgitation and higher mean 
gradients than competitive athletes with a normal aorta, without 
significative differences between the two BAV groups. In the 
study by Boraita et al, aortic valve regurgitation was the only 
functional abnormality detected through Doppler echocardiog-
raphy in BAV athletes and was less frequent (65%) compared 
with the non- athletic BAV population (84%).1

LV remodelling
In our study, competitive athletes with BAV demonstrated 
significantly greater LV end- diastolic (and end- systolic) volumes 
and LV mass than the other two groups. Although the difference 
with BAV non- athletes is expected, the greater LV dimensions 
observed in athletes with BAV compared with competitive athletes 
with a trileaflet aortic valve requires further consideration. The 

difference in LV dimensions and mass cannot be considered 
uniquely as the expression of training- induced cardiac remod-
elling, because both groups participated in similar sports, and 
athletes with TAV reported an even higher training volume 
per week. The difference in LV mass may be, at least in part, 
explained by the specific haemodynamic pressure and volume 
overload imposed by BAV in addition to the increased cardiac 
output dictated by exercise conditioning. Furthermore, previous 
evidence demonstrated that, in patients with BAV, the increase in 
LV mass and the type of LV remodelling (ie, concentric remod-
elling, concentric or eccentric hypertrophy) were independently 
associated with clinical outcomes as AV repair/replacement 
and all- cause mortality, further supporting the importance of a 
comprehensive echocardiographic analysis of all cardiac cham-
bers to obtain relevant prognostic information.27 However, our 
data are insufficient to support a hypothesis of adverse remodel-
ling of the LV in competitive athletes with BAV when exposed to 
the haemodynamic load induced by intensive training. Similarly, 
in a large population of athletes with BAV, Stefani et al observed 
a progressive enlargement of the end- diastolic (and end- systolic) 
LV dimensions as well as an increase of the LV mass over a 
5- year observation period.14 Further, longitudinal studies with 
prolonged follow- up are therefore needed to confirm our results 
and such a hypothesis.

LIMITATIONS
The first limitation of the study is that this is a cross- sectional eval-
uation of athletes with BAV compared with non- athletes with BAV 
and athletes with a normal aorta. Although definitive conclusions 
regarding a cause–effect relationship cannot be made, the comparison 

Table 3 Echocardiographic characteristics of the study population

Echocardiographic variables BAV athletes TAV athletes BAV non- athletes P value

LV end- diastolic diameter, mm 50.9±4.8 50.6±5.3 48.6±5.2* <0.001

LV end- systolic diameter, mm 32.3±4.4 32.5±5.3 32.0±4.3 0.75

Interventricular septum, mm 9.2±1.6 8.9±1.5 8.8±1.8 0.12

Posterior wall, mm 8.9±1.6 8.8±1.3 8.2±1.5* <0.01

RWT 0.35±0.06 0.35±0.05 0.34±0.06 0.34

LV end- diastolic volume, mL 128.2±33.1* 116.8±31.9 115.3±28.7 <0.001

LV end- diastolic volume index, mL/m2 66.8±15.2* 60.1±14.2 60.8±13.5 <0.001

LV end- systolic volume, mL 49.9±15.6 47.5±15.1 46.3±14.6 0.13

LV end- systolic volume index, mL/m2 26.3±7.5* 24.4±7.1 24.3±6.7 0.02

LV ejection fraction, % 61±4 60±4 60±5 0.06

LV mass 171.1±54.3* 154.7±47.0† 139±41.5 0.001

LV mass index 90.0±25.0* 79.1±20.7 73.2±18.5 <0.001

E wave velocity, m/s 0.83±0.19 0.82±0.18 0.81±0.18 0.71

A wave velocity, m/s 0.56±0.17 0.50±0.11 0.53±0.14 0.24

E/A ratio 1.64±0.58 1.65±0.54 1.61±0.63 0.84

e′ lateral wall velocity, m/s 0.16±0.4 0.17±0.4 0.15±0.7 0.08

e′ septal velocity, m/s 0.12±0.3 0.14±0.3* 0.11±0.3 <0.001

E/e′ ratio 6.1±1.8 5.6±1.4* 6.5±1.7 <0.001

RV fractional area change, % 45.0±6.3‡ 48.1±8.0 46.0±6.0 0.01

TAPSE, mm 24.9±3.6† 24.8±3.6 23.8±4.4 0.04

s′, m/s 0.14±0.03 0.14±0.03 0.13±0.03 0.09

PAPs, mm Hg 21.4±7.4 21.8±4.5 23.9±3.9 0.62

IVC, mm 16.8±3.8 18.9±3.8* 15.9±4.4 <0.001

*P<0.005 between other groups.
†P<0.005 versus BAV non- athletes.
‡P<0.005 versus TAV athletes.
§P<0.005 versus BAV athletes.
IVC, inferior vena cava; LA, left atrial; LV, left ventricular; PLAX, parasternal long- axis view; RV, right ventricular; RVOT, RV outflow tract; RWT, relative wall thickness.
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across the three distinct groups, that were sufficiently powered, 
strengthens the hypothesis that exercise may be less harmful than 
previously thought. Future prospective studies are warranted to 
investigate this possibility and provide directions for future guide-
lines. The second phase of the study, including the follow- up, will 
answer the questions raised by this manuscript and the current liter-
ature, further understanding whether the sport may have an impact 
on valve function or aortic dilatation, as recently demonstrated in a 
longitudinal study enrolling collegiate athletes with TAV.28

Another limitation is that, in this study, we excluded individuals 
(athletes and non- athletes) with BAV and significant aortic valve 
stenosis/regurgitation or aortic root dilatation. Therefore, this 
selected cohort does not reflect the entire spectrum of patients with 
BAV, potentially underestimating the impact of exercise in the more 
severe forms of the disease. However, a recent paper by Schreurs et 
al15 demonstrated, in a large population of BAV patients with no 
exclusion criteria for disease severity, that lifelong exercise does not 
appear to induce adverse cardiovascular effects in patients with a 
BAV.

In this study, although the population of competitive athletes 
was selected according to specific criteria, and we inquired 
about the training volume per week, the training intensity was 
not objectively measured. Therefore, we cannot conclusively 
exclude that the differences between the groups of athletes are 
due to different training intensities or volumes. Moreover, the 
study population of competitive athletes was primarily repre-
sented by athletes engaged in mixed sports, as they are the 
most popular sports disciplines practised in Europe. Although 
other sports disciplines were represented, the small number of 
athletes engaged in different disciplines represents a limitation 
in analysing the impact of different sports on aortic size and 

valvular dysfunction. Similarly, we cannot obtain information 
regarding the impact of endurance and resistance training proto-
cols on aortic remodelling in athletes with BAV.

Echocardiographic data were not reviewed by a core lab. However, 
a video tutorial and online materials on how to measure aortic size 
and function and cardiac dimensions were prepared by the coordi-
nating centre and available for all the collaborating centres. These 
resources, together with the recognised expertise of the international 
centres, help us harmonise data collection and reduce heterogeneity.

CONCLUSIONS
This multicentre cross- sectional study demonstrates no differences 
between athletes with BAV and non- athletes with BAV regarding 
aortic valve function or dimensions. However, athletes with BAV 
demonstrated greater LV volumes and LV mass than athletes with 
TAV and non- athletes with BAV, suggesting that competitive sports 
may cause a greater LV remodelling in individuals with BAV. The 
exact significance of this observation remains to be determined by 
the longitudinal follow- up of the SPREAD registry.
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