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ABSTRACT

MILLETTE, T. J., R. K. RAMCHARITAR, O. J. MONFREDI, M. J. THOMAS, M. R. CONAWAY, and P. N. DEAN. Exercise, Sports

Participation, and Quality of Life in Young Patients with Heritable Thoracic Aortic Disease. Med. Sci. Sports Exerc.,

Vol. 57, No. 2, pp. 260-266, 2025. Introduction: Patients with heritable thoracic aortic disease (HTAD) are often restricted from sports

and certain types of exercise. This study was designed to investigate the effect of lifetime exercise exposure and competitive sports participa-

tion on quality of life (QOL) in patients 15–35 yr old with syndromic (Marfan syndrome, Loeys–Dietz syndrome, and vascular Ehlers–Danlos

syndrome) and nonsyndromic HTAD (nsHTAD).Methods: This cross-sectional study used questionnaires to assess lifetime exercise expo-

sure and utilized the PedsQL QOL Inventory. We developed an exercise exposure score (EES) to quantify lifetime exercise exposure. Question-

naires were completed via telephone with complimentary medical record review.Results: Forty patients were enrolled. Mean age was 26 yr. The

diagnosis wasMarfan syndrome in 83%. Despite 88% of patients being restricted by their provider, 65% reported competitive sports participation

and 93% reported recreational exercise. Participants with an EES greater than the median had significantly better total QOL scores compared with

those below the median (78 vs 65, P = 0.03). There were significant positive correlations between current frequency of exercise and psychosocial

QOL (slope = 3.9, 95%CI = 1.2–6.6,P = 0.005), physical QOL (slope = 8.1, 95%CI = 4.1–12,P < 0.001), and total QOL score (slope = 6.0, 95%

CI = 3.1–9.0, P < 0.001). We found no difference in aortic size or need for surgical intervention between those above and below the median EES,

or between those who did and did not participate in competitive sports.Conclusions:Despite exercise restrictions, youngHTADpatients are

physically active. Increased lifetime exercise and current physical activity levels were associated with improved QOL in HTAD patients.

Key Words: AORTIC DISSECTION, MARFAN SYNDROME, PHYSICAL ACTIVITY
Although current guidelines encourage regular low-
intensity physical activity for individuals with herita-
ble thoracic aortic disease (HTAD), most competitive

sports and activities are discouraged (1). The increase in blood
pressure, cardiac output, and aortic wall stress that occur with
more intense physical activity potentially translates into a
higher risk of acute aortic dissection and/or acceleration of
aortic dilation (1–3). Despite these concerns, current exercise
restrictions are not supported by outcomes-based data linking
correspondence: Theodore J.Millette,M.D., Division of Pediatric Car-
iversity of Virginia Medical Center, 1215 Lee Street, Charlottesville,
E-mail: tmillette@virginia.edu.
for publication May 2024.
or publication September 2024.
tal digital content is available for this article. Direct URL citations
he printed text and are provided in the HTML and PDF versions
le on the journal’s Web site (www.acsm-msse.org).

/25/5702-0260/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2024 by the American College of Sports Medicine

49/MSS.0000000000003570

260

Copyright © 2024 by the American College of Sports Medicine
exercise to adverse outcomes. Moreover, murine models sug-
gest that dynamic exercise may actually mitigate progression
of aortopathy in Marfan syndrome (MFS) (4,5).

The benefits of exercise and sports participation on physical
and psychological health in the general population are well
established (6–9). Those with HTAD already demonstrate
poorer quality of life (QOL) and are overall less physically
active comparedwith the general population (10–13). Restricting
these same individuals from sports participation may have addi-
tive unintended detrimental consequences in this already vulner-
able population. Although the most recent AHA recommenda-
tions still favor strict restriction for the majority of patients with
HTAD, there is a paradigm shift toward a model of shared
decision-making surrounding exercise and sports (14,15).

The first aim of this study was to evaluate sports participa-
tion and lifetime exercise exposure in patients with HTAD.
Second, we sought to determine if greater exercise exposure
or participation in competitive sports was associated with
improved QOL. The last aim was to determine if greater exer-
cise exposure or participation in competitive sports was asso-
ciated with adverse cardiovascular events like aortic dilation
or dissection.
. Unauthorized reproduction of this article is prohibited.
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METHODS

Study design.Weperformed a single-center, cross-sectional
study of patients 15–35 yr old with HTAD. Using ICD-10 codes
for the diagnoses of MFS, Loeys–Dietz syndrome (LDS), vascu-
lar Ehlers–Danlos syndrome (vEDS), and nonsyndromic HTAD
(nsHTAD) (collectively referred to as HTAD hereafter), we
queried our electronic medical records system for patient en-
counters occurring in the 5-yr span from September 1, 2017,
to September 1, 2022. Inclusion criteria were current age be-
tween 15 and 35 yr, diagnosis of HTAD, ability to provide
assent/consent, and ability to complete a questionnaire over
the phone. The only exclusion criteria were inability to obtain
consent, assent, or contact over the phone. For those below the
age of 18 yr (n = 4), verbal assent was obtained from the par-
ticipant and verbal consent was obtained from their parent.
Participants 18 yr and older provided only verbal consent.
All interviews were performed via telephone by a single au-
thor. The University of Virginia Institutional Review Board
for Health Sciences Research approved the study.

Exercise history analysis.Wedevised an exercise ques-
tionnaire to allow us to quantify lifetime exercise exposure. In-
formation collected included the following:

1) Days per week of at least 30 min of moderate to vigorous
exercise for ≤14, 15–18, >19 yr of age, and currently. We
defined moderate to vigorous exercise as “exercise that
causes large increases in heart rate or respiratory rate such
that one would not be able to carry on a normal conversa-
tion.” This definition was extrapolated from that found in
the National Health and Nutrition Examination Survey
Physical Activity and Physical Fitness questionnaire (14).

2) Competitive sports participation, defined as “an organized
team or individual sport that requires systematic training
and regular competition against others and places a high
premium on athletic excellence and achievement” (15,16).

3) Recreational sports/exercise participation, defined as “ac-
tivities involving a range of exercise levels from modest
to vigorous, that can be practiced on a regular or more in-
consistent basis, and that do not require systematic ongo-
ing training or the pursuit of excellence. These sports do
not necessarily include a high level of pressure to excel
against others.” Employment requiring moderate to vig-
orous physical exertion or exertion beyond the recom-
mended activity restrictions was considered equivalent
to participation in a recreational sport.

4) History of physical activity restriction by their provider.

To determine lifetime exercise exposure, before patient en-
rollment the study team designed an exercise exposure score
(EES). This score was created by assigning three points for each
competitive sports season and one point for each recreational
sports season (or for each year of participation if there was
no defined “season”). The EES was calculated from the sum
of lifetime competitive and recreational sports participation.
For example, if a patient played four seasons of competitive
EXERCISE AND QUALITY OF LIFE IN HTAD
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basketball and four seasons of competitive volleyball, they
were given a score of 24 (4 seasons × 3 + 4 seasons × 3). If
a patient did 3 yr of recreational swimming and two seasons
of competitive soccer, theywere given a score of 9 (3 yr × 1 + 2
seasons × 3). With the exception of varsity-level competitive
sports, sports and exercise before age 14 yr was not included
in the EES, as youth sports below this age tend to involve less
strenuous training and competition.

QOL analysis. PedsQL Young Adult Quality of Life In-
ventory and PedsQL Adult Quality of Life Inventory were
used for QOL assessment (17). PedsQL scores range from 0
to 100 with a higher score indicative of a higher QOL.

Medical record review. After completion of a partici-
pant’s phone interview, we accessed the medical record to ob-
tain aortic root and ascending aorta diameters from the most
recent echocardiogram, CT, and/or MRI. Measurements were
taken from the official imaging report or, in the few echocar-
diograms in which complete measurements were not listed in
the official report, measured according to American Society
of Echocardiography recommendations (18). Reviews of addi-
tional medical history, including aortic surgery, past and cur-
rent medications, and available genetic testing, were collected.
In patients with histories of prior aortic surgery, only preoper-
ative aortic measurements were collected.

Statistical analysis. The nonparametric Kruskal–Wallis
test was used to compare continuous variables like QOL
scores between groups, defined by thresholds for EES or par-
ticipation in competitive sports. The Spearman rank correla-
tion and the linear regression analysis were used to estimate
the association between exercise scores, frequency of exercise,
and QOL measures. The chi-squared test was used to test for
associations between categorical variables such as aortic dila-
tion above or below the median and the need for surgery.
RESULTS

Chart review identified 132 patients with HTAD. Of these,
87 were unable to be contacted, 2 were unwilling to partici-
pate, 1 was deceased, and 2 were unable to participate due to
significant developmental delay and inability to complete the
questionnaires independently. The deceased patient died at
23 yr old from MFS-associated acute aortic dissection. In the
7 months before death, his aortic root and ascending aorta
demonstrated rapid dilation—from 4.4 to 4.8 cm and from
4.8 to 5.3 cm, respectively. He reportedly participated in no
regular competitive or recreational exercise and was taking
losartan and atenolol at the time of his death. The remaining
40 subjects were included.

In this cohort of 40 participants, the mean age was 26 yr, 55%
were male, and 83% were White. The most common HTAD di-
agnosis was MFS (83%, n = 33), followed by vEDS (10%,
n = 4), LDS (5%, n = 2), and nsHTAD (2.5%, n = 1) (Table 1).

Of the 33 participants with MFS, 23 had confirmed patho-
genic FBN1 variants. Six were diagnosed clinically via the re-
vised Ghent nosology and had inconclusive or no/unavailable
genetic testing, although three of those who were not tested had
Medicine & Science in Sports & Exercise® 261
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TABLE 1. Baseline characteristics.

Demographics Value

Sample size (n) 40
Mean age 26
Male, n (%) 22 (55)
Race, n (%) 33 (83)
Diagnosis, n (%)

MFS 33 (83)
vEDS 4 (10)
LDS 2 (5)
nsHTAD 1 (2.5)

Lifetime recreational/occupational exercise, n (%) 37 (93)
Lifetime competitive sports, n (%) 26 (65)
Median EES 20 (range 0–60)
Exercise restriction, n (%) 35 (88)
Medically managed, n (%) 32 (80)

Beta-blocker 19 (48)
ARB 13 (33)
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first-degree relatives with confirmed pathogenic FBN1 variants.
The specific mode of diagnosis was not able to be definitively
confirmed in the remaining four participants with MFS. Each
of these patients reported their diagnosis was made by some
combination of aortic root dilation, systemic score, and/or ge-
netic testing by their cardiologist, vascular medicine specialist,
or geneticist. Of the other seven participants without MFS, five
had confirmed pathogenic or likely pathogenic genetic variants.
Of the remaining two participants, one had a clinical diagnosis
of nsHTAD and the other had LDS with genetic test results that
were unavailable (Supplemental Table 1, Supplemental Digital
Content, http://links.lww.com/MSS/D97)

There were 18 different adult cardiologists, pediatric cardi-
ologists, and/or vascular medicine physicians caring for these
patients, although a core group of three providers cared for the
majority of the patients (22 of 40).

Six individuals (15%) had undergone surgery for aortic an-
eurysm or dissection before interview. One of these was a col-
legiate basketball player with MFS who had a history of acute
aortic dissection that occurred at 22 yr of age while asleep. Be-
fore this, he had continued to compete under a shared
decision-making agreement with his cardiologist. However,
he missed his last cardiology follow-up visit 8 months before
FIGURE 1—Distribution of current days per week of exercise. The mean numb

262 Official Journal of the American College of Sports Medicine
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dissection. Aortic root diameter at that time was 4.1 cm, which
was stable from his previous echocardiogram 6 months prior.

Most of our participants (35 of 40, 88%) reported receiving ac-
tivity restriction advice from their provider. The five subjects
who were not restricted included one with LDS and three with
MFS who had normal aortic dimensions. The fifth was the colle-
giate basketball player mentioned previously. Seven participants
reported a history of activity restrictions that were relaxed after
years of no significant progression of aortic dilation. Eighty per-
cent (n = 32) reported current medical therapy targeting afterload
reduction, most commonly beta-blockers (n = 19), angiotensin
receptor blockers (ARB) (n = 13), or both (n = 9) (Table 1).

Current frequency of moderate to vigorous exercise ranged
from 0 to 7 d·wk−1 with mean of 2.2 d·wk−1 (Fig. 1).

The large majority (93%) reported some degree of recrea-
tional sports participation, with 65% (n = 26) reporting com-
petitive sports participation (Table 1). Of those who engaged
in competitive sports, only three participated in sports consid-
ered safe by current AHA/ACC guidelines (golf, equestrian
sports) (Supplemental Table 1, Supplemental Digital Content,
http://links.lww.com/MSS/D97) (1,19,20). Four participants’
occupations involved demanding physical labor with moder-
ate to vigorous exertion, each year of which was included in
their EES as a recreational sports season. These occupations
included logging/diesel mechanic, chicken processing plant
worker, farmhand, and “field work” for the information and
technology industry (details in Supplemental Table 1, Supple-
mental Digital Content, http://links.lww.com/MSS/D97).

Exercise participation varied widely within our cohort, with
EES ranging from 0 to 60 and a median EES of 20—equivalent
to 6.5 competitive sports seasons or 20 yr or seasons of recrea-
tional sports (Fig. 2). Nearly all participants (90%) with EES
greater than the median reported competitive sports participation.

PedsQL physical, psychosocial, and total QOL scores were
similar to those previously reported for patients with chronic
illnesses, including MFS (12,17).

Participants with EES > median demonstrated higher total
QOL scores when compared with those with EES ≤ median
er of days of exercise per week was 2.2.

http://www.acsm-msse.org
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FIGURE 2—Distribution of EES. There was a wide range of EES (0–60). Median EES was 20.

C
LIN

IC
A
L
SC

IEN
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by G
R

9gV
rV

M
rS

Jgm
x4Z

375+
D

21bO
hV

eM
Q

J8R
G

p16O
7haU

m
lE

p4
2w

kw
i2U

eK
U

dS
ttH

M
Z

9avv89y30zzeU
R

ozaIzZ
xuqD

E
F

vZ
O

Y
A

D
6vqpC

lqX
+

m
S

6N
B

sX
e0ciB

B
eY

r3hj4scqraqJW
X

R
bX

C
s5U

rZ
sE

cj
I1rt2uX

1F
heU

W
 on 01/20/2025
(P = 0.03) (Table 2). Patients who reported participation in
competitive sports (n = 26) had higher mean physical, psycho-
social, and total PedsQL scores, although this did not reach
statistical significance (Table 3).

Linear regression of PedsQL scores on current exercise showed
positive relationships between psychosocial (r = 0.56), physical
(r = 0.55), and total PedsQL scores (r = 0.43). Each additional
day of exercise per week was associated with a 3.9 point (95%
confidence interval [CI] = 1.2–6.6, P = 0.005) increase in psycho-
social QOL score (Fig. 3A), an 8.1 point (95% CI = 4.1–12.1,
P < 0.001) increase in physical QOL score (Fig. 3B), and a 6.0
point (95% CI = 3.1–9.0, P < 0.001) increase in total QOL score
(Fig. 3C). Nearly identical results were observed when the same
statistical analyses were repeated using only participants with the
diagnosis ofMFS. Amodest but nonstatistically significant re-
lationship was observed with a linear regression model of
QOL scores on EES. Each 10-point increase in EES was asso-
ciated with a 1.9 point increase in the psychosocial QOL score
(r = 0.24, 95% CI = −1.3 to 5.2, P = 0.24), a 4.1 point increase
in the physical QOL score (r = 0.22, 95% CI = −1.0 to 9.3,
P = 0.11), and a 3.0 point increase in total QOL score
(r = 0.30, 95% CI = −0.7 to 6.8, P = 0.12).

Beta-blockers were the most commonly prescribed medica-
tion, currently taken by 48%of participants (n = 19). Ten of these
19 reported concomitant use of either ARB (n = 9) or angiotensin
converting enzyme (ACE) inhibitor (n= 1). Therewere no signif-
icant differences in psychosocial QOL (P = 0.89), physical QOL
(P = 0.33), or total QOL (P = 0.55) scores between those cur-
rently on beta-blocker therapy and those who were either on
no cardiac medications (n = 17) or ARB monotherapy (n = 4).

There were no differences in the prevalence of aortic root or as-
cending aorta dilation (≥4 cm) or history of surgical intervention
TABLE 2. PedsQL stratified by EES.

EES > Median (n = 20) EES ≤ Median (n = 20) P Value

PedsQL physical 79 (14) 69 (17) 0.074
PedsQL psychosocial 77 (21) 60 (29) 0.079
PedsQL total 78 (16) 65 (21) 0.030

Standard deviation in parentheses.

EXERCISE AND QUALITY OF LIFE IN HTAD
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after stratifying by EES greater than or less than the median
(Table 4). Similar results were found after stratifying by history
of competitive sports participation and by history of moderate to
vigorous exercise participation of at least 2 d·wk−1.
DISCUSSION

This is the first study demonstrating that, despite activity re-
striction recommendations, individuals with HTAD partici-
pate in a range of types and intensities of competitive sports
and exercise throughout adolescence and young adulthood.
This study is also the first to demonstrate that participation is
associated with improved QOL in patients with HTAD.

Awareness of current and past exercise exposure in the HTAD
population is important for providers as they care for these pa-
tients. Overall, our cohort reported a considerable amount of life-
time physical activity, with 65% reporting lifetime competitive
sports participation and 93% reporting involvement in recrea-
tional sports. Among the competitive athletes, all but three
participated in sports considered to be high risk.

AHA/ACC guidelines limit sports participation to low to
moderate static/low dynamic sports (class IA and class IIA;
e.g., yoga, golf, archery) (1). Similarly, European Society of
Cardiology guidelines suggest avoidance of high-intensity ex-
ercise, contact, and power sports for patients with HTAD,
even in the absence of aortic dilation (21). Both sets of guide-
lines become increasingly more restrictive in the presence of
aortic dilation >4 cm or other risk factors. The caution advised
regarding sports participation is supported by expert opinion
based on animal models, engineering models, case series,
and physiologic extrapolations rather than outcomes-based
data (2,3,22,23). This paucity of data limits the ability of
TABLE 3. PedsQL stratified by competitive sports participation.

Competitive Sports
(n = 26)

No Competitive
Sports (n = 14) P Value

PedsQL physical 77 (17) 69 (13) 0.12
PedsQL psychosocial 72 (27) 62 (24) 0.13
PedsQL total 75 (21) 65 (15) 0.07

Standard deviation in parentheses.

Medicine & Science in Sports & Exercise® 263
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FIGURE 3—Correlation of (A) psychosocial, (B) physical, and (C) total PedsQL scores with current exercise days per week. Each additional day of exercise
per week is associated with a 3.9-point increase in psychosocial QOL score, an 8.1-point increase in physical QOL score, and a 6.0 point increase in total
QOL score. A. Psychosocial subscale, slope = 3.9, 95%CI = 1.2–6.6, P = 0.005. B. Physical subscale, slope = 8.1, 95%CI = 4.1–12.0, P < 0.001. C. Total score,
slope = 6.0, 95% CI = 3.1–9.0, P < 0.001.

TABLE 4. Prevalence of aortic dilation and need for aortic surgery stratified by EES.

EES > Median EES ≤ Median P Value

Aortic root ≥4 cm 5/17 (29%) 4/19 (21%) 0.56
Ascending aorta ≥4 cm 1/20 (5%) 1/20 (5%) 1.0
Surgical

intervention
3/20 (15%) 3/20 (15%) 1.0

Aortic root
diameter (cm)

Mean = 3.7,
median = 3.7

Mean = 3.6,
median = 3.6

0.70

Ascending aorta
diameter (cm)

Mean = 3.0,
median = 2.9

Mean = 2.8,
median = 2.8

0.39
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providers to confidently determine which HTAD patients
should participate and which types of exercise are appropriate.

The second significant finding of our study was that exer-
cise exposure and current exercise participation are associated
with improved QOL. Those with HTAD are known to have
lower QOL scores and are less physically active compared
with the general population (10–13). Our findings suggest that
exercise may be a modifiable risk factor, such that improved
physical activity and exercise may bolster QOL in the HTAD
population. Specifically, we found that higher EES, a surro-
gate for lifetime exercise exposure, and current exercise fre-
quency were both positively associated with QOL scores.
We identified measurable improvements in psychosocial,
264 Official Journal of the American College of Sports Medicine
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physical, and total PedsQL scores (3.9, 8.1, and 6.0 points, re-
spectively) with each additional day of current exercise per
week. For context, Handisides et al. (12) reported differences
in PedsQL scores of 4 to 11 points between those with and
http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

http://www.acsm-msse.org


C
LIN

IC
A
L
SC

IEN
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by G
R

9gV
rV

M
rS

Jgm
x4Z

375+
D

21bO
hV

eM
Q

J8R
G

p16O
7haU

m
lE

p4
2w

kw
i2U

eK
U

dS
ttH

M
Z

9avv89y30zzeU
R

ozaIzZ
xuqD

E
F

vZ
O

Y
A

D
6vqpC

lqX
+

m
S

6N
B

sX
e0ciB

B
eY

r3hj4scqraqJW
X

R
bX

C
s5U

rZ
sE

cj
I1rt2uX

1F
heU

W
 on 01/20/2025
without MFS. Although there was a significant improvement
in total QOL score when stratifying by EES >/≤ the median,
the linear relationship was not as strong as that observed be-
tween current exercise frequency and QOL, which suggests
that current exercise more strongly influences current QOL
than does overall lifetime exercise exposure.

In addition to clear cognitive, social, and psychological ben-
efits, sports participation in childhood can translate into a more
physically active adulthood (6–8,24,25). The benefits of phys-
ical activity in reducing cardiovascular risk in the general pop-
ulation are widely accepted, with well-supported evidence of
improved mortality in multiple cardiovascular disease pro-
cesses (9,26,27). Permitting a wider range of exercise for
HTAD patients could help mitigate the risk of developing
superimposed acquired cardiovascular disease later in life.

Although this study was not powered to evaluate the safety of
exercise in patients with HTAD, it was encouraging that there
was no difference in aortic size or need for surgical intervention
between those above and below the median EES, or between
those who did and did not participate in competitive sports. This
is in keeping with recent murine models that evaluated the effect
of exercise on aortic size. In 2017, findings from two separate
murine models were published, suggesting that exercise may ac-
tually confer significant benefits on MFS-associated aortopathy
(4,5). Mas-Stachurska et al. found that, in comparison to seden-
tary littermates, mice with MFS who engaged in moderate-
intensity aerobic exercise demonstrated a significantly reduced
rate of aortic root dilation, left ventricular hypertrophy, and dem-
onstrated no additional structural damage to the aortic tunicame-
dia. Similarly, Gibson et al. (4) demonstrated improved aortic
structure and function in MFS mice subjected to exercise com-
pared with their sedentary counterparts, although this effect
was attenuated with the highest intensity exercise group (85%
V̇O2max). Counterintuitively, this implies that the hemodynamic
changes that occur with exercise, such as increased cardiac out-
put, blood pressure, and shear stress on the aortic wall, do not
have a significantly detrimental effect on aortopathy in MFS
and aortic dilation may instead be driven by other factors.

As has occurred in the management of athletes with hyper-
trophic cardiomyopathy and longQT syndrome, some cardiol-
ogists are moving toward a shared decision-making model
with individualized risk stratification and counseling for those
with HTAD (19,28–32).Weyland et al. (28) recently surveyed
a group of pediatric HTAD providers and identified a trend to-
ward more lenient exercise restrictions compared with current
guidelines, but notable variation in practice still exists.

Shared decision-making in cardiology and sports medicine
should always consider the balance between the risks and
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the benefits of the decision at hand. This study certainly does
not conclude that competitive sports will be safe in all HTAD
patients, but it helps define the benefit side of this balance be-
cause exercise exposure was associated with a significant ben-
efit in QOL. Our hope is that now that we have demonstrated
that patients with HTAD are participating in sports and exercise
and this participation is associated with improved QOL, other
studies can be designed and performed to quantitatively evalu-
ate the risk of participation (similar to studies in hypertrophic
cardiomyopathy and long QT syndrome).

Limitations. These results should be interpreted with consid-
eration of several limitations. The small sample size of 40 partici-
pants limits statistical power, particularly in regard to the associa-
tion between exercise and adverse outcomes. Multicenter studies
will be important to increase the number of patients from whom
observations can be drawn. We devised the EES during the study
design process, before conducting interviews as amethod to quan-
tify lifetime exercise exposure. Although this is not a validated
method of quantifying exercise exposure, the definitions and
questions used in the exercise questionnaire were adapted pri-
marily from the National Health and Nutrition Examination
Survey on physical activity (14). Calculation of EES required
participants, whose mean age was 26 yr, to report their history
of sports and exercise participation beginning at age 14 yr.
This inherently introduces the possibility of significant recall
bias, which is another limitation of this work.

CONCLUSIONS

This single-center, cross-sectional study suggests that lifetime
exercise exposure and frequency of current exercise are associated
with improved QOL in young patients with HTAD.We found no
increased risk of adverse outcomes in HTAD patients who partic-
ipated in either competitive sports or higher levels of exercise
through their lifetime, although the small sample size limits statis-
tical power and the ability to draw definitive conclusions. Al-
though encouraging, further study is required to more fully assess
the effects of exercise on aortopathy in patients with HTAD.

This study received no funding. The authors have no conflicts of inter-
est to disclose. The results of the study are presented clearly, honestly,
and without fabrication, falsification, or inappropriate data manipulation.
The results of the present study do not constitute endorsement by the
American College of Sports Medicine. Abstract presented at American
Heart Association Scientific Sessions onNovember 13, 2023. All authors
made substantial contributions to the conception and/or analysis of the
work, reviewed it critically for important intellectual content, gave ap-
proval of the final draft, and agreed to be accountable for all aspects of
the work. The data generated during and/or analyzed during the current
study are stored in a private database and are not publicly available due
to possible presence of protected health information. Data will be shared
on reasonable request to the corresponding author.
REFERENCES

1. Braverman AC, Harris KM, Kovacs RJ, Maron BJ. Eligibility and 3. Cheng A, Owens D. Marfan syndrome, inherited aortopathies and
disqualification recommendations for competitive athletes with car-
diovascular abnormalities: task force 7: aortic diseases, including
Marfan syndrome. Circulation. 2015;132(22):e303–9.

2. Thijssen CGE, Bons LR, Gökalp AL, et al. Exercise and sports par-
ticipation in patients with thoracic aortic disease: a review. Expert
Rev Cardiovasc Ther. 2019;17(4):251–66.
exercise: what is the right answer? Br J Sports Med. 2016;50(2):
100–4.

4. Gibson C, Nielsen C, Alex R, et al. Mild aerobic exercise blocks
elastin fiber fragmentation and aortic dilatation in a mouse model
of Marfan syndrome associated aortic aneurysm. J Appl Physiol
(1985). 2017;123(1):147–60.
Medicine & Science in Sports & Exercise® 265

. Unauthorized reproduction of this article is prohibited.



C
LI
N
IC
A
L
SC

IE
N
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by G
R

9gV
rV

M
rS

Jgm
x4Z

375+
D

21bO
hV

eM
Q

J8R
G

p16O
7haU

m
lE

p4
2w

kw
i2U

eK
U

dS
ttH

M
Z

9avv89y30zzeU
R

ozaIzZ
xuqD

E
F

vZ
O

Y
A

D
6vqpC

lqX
+

m
S

6N
B

sX
e0ciB

B
eY

r3hj4scqraqJW
X

R
bX

C
s5U

rZ
sE

cj
I1rt2uX

1F
heU

W
 on 01/20/2025
5. Mas-Stachurska A, Siegert A-M, Batlle M, et al. Cardiovascular ben-
efits of moderate exercise training inMarfan syndrome: insights from
an animal model. J Am Heart Assoc. 2017;6(9):e006438.

6. Eime RM, Young JA, Harvey JT, Charity MJ, PayneWR. A system-
atic review of the psychological and social benefits of participation in
sport for children and adolescents: informing development of a con-
ceptual model of health through sport. Int J Behav Nutr Phys Act.
2013;10:98.

7. Carek PJ, Laibstain SE, Carek SM. Exercise for the treatment of de-
pression and anxiety. Int J Psychiatry Med. 2011;41(1):15–28.

8. Smith PJ, Merwin RM. The role of exercise in management of mental
health disorders: an integrative review.Annu RevMed. 2021;72:45–62.

9. Morris JN, Crawford MD. Coronary heart disease and physical activ-
ity of work; evidence of a national necropsy survey. Br Med J. 1958;
2(5111):1485–96.

10. de Koning L, Warnink-Kavelaars J, van Rossum M, et al. Physical
activity and physical fitness in children with heritable connective tis-
sue disorders. Front Pediatr. 2023;11:1057070.

11. Andonian C, Freilinger S, Achenbach S, et al. Quality of life in pa-
tients with Marfan syndrome: a cross-sectional study of 102 adult pa-
tients. Cardiovasc Diagn Ther. 2021;11(2):602–10.

12. Handisides JC, Hollenbeck-Pringle D, Uzark K, et al. Health-related
quality of life in children and young adults with Marfan syndrome. J
Pediatr. 2019;204:250–5.e1.

13. Warnink-Kavelaars J, de Koning L, Rombaut L, et al. Heritable con-
nective tissue disorders in childhood: decreased health-related quality
of life andmental health.Am JMed Genet A. 2022;188(7):2096–109.

14. NHANES Questionnaires, Datasets, and Related Documentation
[date unknown]; [cited 2023 Oct 16] Available from: https://wwwn.
cdc.gov/nchs/nhanes/Default.aspx.

15. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA guideline
on the primary prevention of cardiovascular disease: a report of the
American College of Cardiology/AmericanHeart Association Task Force
on Clinical Practice Guidelines. Circulation. 2019;140(11):e596–646.

16. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity
guidelines for Americans. JAMA. 2018;320(19):2020–8.

17. Varni JW, Limbers CA. The PedsQL™ 4.0 Generic Core Scales
Young Adult Version: feasibility, reliability and validity in a univer-
sity student population. J Health Psychol. 2009;14(4):611–22.

18. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac
chamber quantification by echocardiography in adults: an update from
the American Society of Echocardiography and the European Association
ofCardiovascular Imaging. JAmSocEchocardiogr. 2015;28(1):1–39.e14.

19. Isselbacher EM, Preventza O, Hamilton Black IIIJ, et al. 2022 ACC/
AHA guideline for the diagnosis and management of aortic disease: a
266 Official Journal of the American College of Sports Medicine

Copyright © 2024 by the American College of Sports Medicine
report of the American Heart Association/American College of Car-
diology Joint Committee on Clinical Practice Guidelines. J Am Coll
Cardiol. 2022;80(24):e223–393.

20. Pelliccia A, Zipes DP, Maron BJ. Bethesda Conference #36 and the
European Society of Cardiology Consensus Recommendations
revisited a comparison of U.S. and European criteria for eligibility
and disqualification of competitive athletes with cardiovascular ab-
normalities. J Am Coll Cardiol. 2008;52(24):1990–6.

21. Pelliccia A, Sharma S, Gati S, et al. 2020 ESC guidelines on sports
cardiology and exercise in patients with cardiovascular disease. Eur
Heart J. 2021;42(1):17–96.

22. Koullias G, Modak R, Tranquilli M, Korkolis DP, Barash P,
Elefteriades JA.Mechanical deterioration underlies malignant behav-
ior of aneurysmal human ascending aorta. J Thorac Cardiovasc Surg.
2005;130(3):677–83.

23. Vorp DA, Schiro BJ, EhrlichMP, Juvonen TS, ErginMA, Griffith BP.
Effect of aneurysm on the tensile strength and biomechanical behavior
of the ascending thoracic aorta. Ann Thorac Surg. 2003;75(4):1210–4.

24. Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in
children. Br J Sports Med. 2011;45(11):866–70.

25. Bidzan-Bluma I, Lipowska M. Physical activity and cognitive func-
tioning of children: a systematic review. Int J Environ Res Public
Health. 2018;15(4):800.

26. Piepoli MF, Davos C, Francis DP, Coats AJS, ExTraMATCH Col-
laborative. Exercise training meta-analysis of trials in patients with
chronic heart failure (ExTraMATCH). BMJ. 2004;328(7433):189.

27. Lavie CJ, Kachur S, Sui X. Impact of fitness and changes in fitness on
lipids and survival. Prog Cardiovasc Dis. 2019;62(5):431–5.

28. Weyland CN, Salciccioli KB, Beecroft T, Soludczyk EN,Morris SA.
Evaluating variation in the cardiac management of children with he-
reditary thoracic aortic disease in the United States. Pediatr Cardiol.
2024;45(1):133–42.

29. Lander B, Parisi EJ, Kim JH, Shah AB. Top three late breaking clin-
ical trials in sports cardiology and hypertrophic cardiomyopathy from
ACC.23. American College of Cardiology. [date unknown]; [cited
2023 Oct 30 ] Available from: https://www.acc.org/Latest-in-
Cardiology/Articles/2023/05/08/16/00/Top-Three-Late-Breaking-
Clinical-Trials-in-Sports-and-HCM-from-ACC-2023.

30. Lampert R, AckermanMJ,Marino BS, et al. Vigorous exercise in patients
with hypertrophic cardiomyopathy. JAMA Cardiol. 2023;8(6):595–605.

31. Jouini S, Milleron O, Eliahou L, Jondeau G, Vitiello D. Is physical ac-
tivity a future therapy for patients with Marfan syndrome? Orphanet J
Rare Dis. 2022;17(1):46.

32. Schnell F, Behar N, Carré F. Long-QT syndrome and competitive
sports. Arrhythm Electrophysiol Rev. 2018;7(3):187–92.
http://www.acsm-msse.org

. Unauthorized reproduction of this article is prohibited.

https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://www.acc.org/Latest-in-Cardiology/Articles/2023/05/08/16/00/Top-Three-Late-Breaking-Clinical-Trials-in-Sports-and-HCM-from-ACC-2023
https://www.acc.org/Latest-in-Cardiology/Articles/2023/05/08/16/00/Top-Three-Late-Breaking-Clinical-Trials-in-Sports-and-HCM-from-ACC-2023
https://www.acc.org/Latest-in-Cardiology/Articles/2023/05/08/16/00/Top-Three-Late-Breaking-Clinical-Trials-in-Sports-and-HCM-from-ACC-2023
http://www.acsm-msse.org

