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Marfan syndrome (MFS) is an autosomal hereditary pathology affecting 1:5000 peoples. Alteration 
of the fibrillin 1 gene (FBN1) results in haplo-insufficiency of the FBN1 protein mainly altering the 
vascular system. International recommendations have gradually allowed MFS patients to perform 
training programs because of its potential benefits. However, to date, there are no data on the effect 
of a long training period in these patients. The aim of the present study is to investigate the effect of a 
3-month personalized home-based training on quality of life (QoL) of patients suffering from MFS. At 
least 50 MFS patients were included in the study. They were randomly placed into 4 groups: control 
group; endurance; resistance and endurance + resistance training groups. The training program lasted 3 
months and is performed at patients' home. There were 2 training sessions per week telemonitored by 
a specialist of physical activity and cardiology. Pre and post-training evaluations were performed at the 
Bichat-Paris Hospital, France. They consisted of assessing psychometrics based on self-administered 
questionnaires (FiRST, GPAQ, ISP-25, MOS SF-36) and physiological parameters such as the peak 
oxygen consumption, aorta diameter, cardiac ventricle function and skeletal muscle power at rest and 
during exercise. Our preliminary results showed an improvement of 50% in QoL, cardiorespiratory 
fitness and skeletal muscle power in a patient who completed the combined training program. This 
experimental approach might be a new alternative way for MFS patients' care that may improve their 
QoL, cardiorespiratory fitness and skeletal muscle power.

1. Introduction

Marfan syndrome (MFS) is an autosomal dominant 
genetic pathology affecting the cardiovascular system, 
the respiratory system, skeletal muscles, bones and eyes. 
This syndrome is the result of a mutation in the gene 
encoding fibrillin type I protein (FBN1), which forms a 
microfibrillar network interacting with elastin fibers to 
form the standard extracellular matrix.
 In MFS patients, the most serious risk is a 
progression to aortic dissection, which is associated 
with a high rate of mortality (i.e. 1% per hour during 
the first 48 hours). Several studies have highlighted 
anomalies in the left ventricle (LV) size, function, 
myocardial deformation and myocardial fibrosis (1,2). 
It has also been shown that the cause of LV dysfunction 

was also due to mutation of the FBN1 gene, related 
to the Transforming Growth Factor (TGF) pathway 
(3). Patients also have a slender morphotype with low 
muscle mass (4). In addition, they suffer from a decrease 
maximal quadriceps strength associated with a decrease 
in muscular mass (5). Musculoskeletal pains reduce 
endurance capacity as well (6).
 All the aforementioned disorders are associated 
with pain and disability, which affect professional 
activity, leisure, and family life. Furthermore, aortic 
dilation and the associated risk of aortic dissection are a 
source of anxiety for these patients (Peters et al. 2001) 
and depression is often found in patients MFS (7). In 
addition, quality of life (QoL) assessed by the SF-36 
questionnaire is very impaired in these patients (8), 
particularly in patients with the largest aortic dilations. 
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Therefore, it is essential to find a new global approach 
that should be proposed to reduce the cardiovascular 
impact but also the psychological impact (7) of MFS.
 Physical activity (PA) may play a vital role in 
secondary aortic dilation and dissection prevention in 
patients with MFS in association with routine clinical 
management based on prescription of treatment with 
beta-blockers and annual monitoring of aortic diameter 
(9). As reported by the new 2020 guidelines on sports 
cardiology and exercise in patients with cardiovascular 
disease of the European Society of Cardiology (ESC) 
(10) the prescription of regular physical activity is highly 
beneficial for patients with cardiovascular diseases and 
reduced their mortality. In patients with aortopathy, 
regular PA has a positive effect on hypertension and 
concomitant future risk of dissection. Moreover, regular 
PA appeared to be well tolerated in MFS patients and 
induced beneficial physical effects (11). However, to our 
knowledge, this is the only existing small prospective 
cohort study conducted in these patients and there are 
no randomized controlled trials or any prospective data 
regarding risks of more intensive PA practice in MFS 
patients. Finally, home-based training may represent a 
new alternative way for MFS patients' care. Indeed, it 
has been demonstrated that heart rate monitoring and 
the Internet were effective tools for management of 
patients after coronary artery disease by improving their 
cardiopulmonary fitness after a 12-week home-based 
program (12).
 In this context,  the present study aimed at 
determining the impact of a 3-month personalized home-
based training on the QoL of MFS patients.

2. Materials and Methods

This study was designed as an interventional, 
monocentral, prospective and randomized controlled trial 
at the Marfan National Reference Center in the Hospital 
of Bichat, Paris, France. They were 3 phases during 
the study: Phase 1) baseline evaluations at the hospital; 
Phase 2) post 3-month home-based personalized 
training evaluations at the hospital; Phase 3) Phone 
call evaluations 3 months after the end of training. All 
patients involved in the study provided written informed 
consent before entering the study. The study complies 
with the Declaration of Helsinki. The institutional ethics 
committee approved the study protocol (#2020-A01751-
38), the French Society of Cardiology promotes the study 
and informed consent will be obtained from the subjects.

2.1. Population

Patients with MFS aged between 18 and 65 years were 
included in the study. The patients had to receive an 
optimal and stable dose of ACE inhibitors and Beta-
blockers. They also had to be able to realize physical 
exercise and to possess social security insurance. The 

contradictions for randomization in the study were: 
pregnant patients, patients with cardiovascular diseases 
not due to MFS, an aortic dissection, an aortic diameter > 
45 mm, an aortic regurgitation, a non-controlled resting 
hypertension (diastolic blood pressure > 90 mmHg and 
systolic blood pressure > 140 mmHg), who were non 
reachable by phone, who participated in another research 
project, who refused or who were not able to sign the 
informed consent form. Participants eligible for research 
were randomized into 4 experimental groups: Group 1 
(control: no training), Group 2 (aerobic training), Group 
3 (muscle strengthening training) and Group 4 (endurance 
+ resistance training). The R program, with envelopes 
opened when the patient was randomized generated a 
randomization list.

2.2. Evaluations during visits 1 and 2

Cardiovascular capacity at rest was assessed before 
and after the training program. Patients underwent the 
following evaluations: i) Electrocardiogram (ECG) 
(200S-Cardioline). ii) Resting blood pressure assessment 
using an automatic tensiometer (dynamap®). iii) A 
standard echocardiography and a tissue Doppler imaging 
were performed to assess the ejection fraction (EF) of 
the left ventricle (LV), its diastolic diameter (LVDD), the 
systolic interventricular septum thickness (IVSTs), the 
global systolic and diastolic function of the LV (i.e. S, E 
and A waves of the lateral and septal walls) and the right 
ventricle (RV) (i.e. S wave, TAPSE and E/A peak), a full 
aorta analysis (i.e. ring, Valsalva sinus, tubular aorta, 
arch, descending thoracic aorta, and abdominal aorta) and 
a measure of the vena cava diameters during inspiration 
and expiration (Vivid 9 Dimension® ultrasound 
apparatus-GE Healthcare). A 2D strain echocardiography 
was performed to assess the global systolic longitudinal 
strain (GLS) of the LV and the RV.

2.3. Assessment of oxygen consumption (VO2) before 
and after the training program

Patients performed a VO2 test on an ergometric bike. This 
exercise intensity was increased by 10 watts every minute 
until patients reach a peak of VO2 or until voluntary 
cessation. The ventilatory threshold 1 (VT1), the oxygen 
absorption efficiency slope (OUES), the ratio ventilation 
(VE) on carbon dioxide production (VCO2) (VE/VCO2) 
as a prognostic value was measured and a spirometry 
performed to evaluate the following parameters: forced 
vital capacity (FVC), forced expiratory volume in one 
second (FEV1), FEV1/FVC and peak expiratory flow 
75% (PEF75).

2.4. Assessment of heart rate and blood pressure

Heart rate (HR) was monitored during the test. Two HR 
references were obtained, one at the VT1 (HRVT1) and 
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calculated using the following formula: BMI = kg/m2, 
where kg is a patient's weight in kilograms, and m2 is the 
patient's height in meters squared.

2.7. Psychometric questionnaires

The assessment of QoL, level of physical activity, pain 
and pre-workout self-esteem were given to all patients 
included in the study. QoL was assessed by the MOS 
SF36 (Medical Outcome Study Short Form - 36) (17) 
questionnaire. The GPAQ (Global Physical Activity 
Questionnaire) (18) evaluated daily physical activity 
in sixteen questions. The FiRST (Fibromyalgia Rapid 
Screening Tool) scale assessed pain of patients (19) and 
the ISP-25 (Inventaire du Soi Physique-25) questionnaire 
assessed self-esteem of patients (20).

2.8. Personalized home-based training program

The training program followed the last ESC guidelines 
recommendations for physical activity (10). All patients 
included in training groups performed a 3-month 
personalized home-based training program with 2 
sessions per week (Figure 1). The prescribed intensity 
of exercise was based on recommendations made by 
the European and American learned societies (9,21). 
These sessions were performed according to the level 
of patients evaluated during the initial cardiopulmonary 
and muscle capacity tests.

2.8.1. Endurance training (Group 2)

Endurance training consisted of a training circuit 
(TC) to lead patients to reach a target HR intensity 
evaluated during visit 1 baseline evaluations (Table 1). 
The intervals of recovery times, efforts, and number of 
series were adapted according to aerobic capacity of the 

one at the peak of (HRpeak VO2). HRVT1 + 10-20% 
was used for targeting the intensity of training sessions 
and HRPeak VO2 was the HR limit to be reached during 
training sessions. The systolic blood pressure (SBP) and 
the diastolic blood pressure (DBP) were also carried out 
during the test. If the SBP was ≤ 160 mmHg for at least 
20 minutes, then the patient was allowed to continue the 
research. If this SBP was > 160 mmHg during exercise, 
then the patient was excluded from research (11,13-15). 
In parallel, the rating of perceived exertion (RPE) was 
evaluated during the test (16).

2.5. Muscular capacity evaluations

Patients performed one countermovement jump (cm), 
one squat jump (cm), repeated jumps (nb/min) and 
an evaluation of the one-repetition maximum (1RM) 
based on 3 consecutive squats. The muscular capacity 
evaluations consisted of the evaluation of the muscle 
power and the maximal force contraction using a linear 
encoder (Gymaware®).
 After these muscular capacity evaluations, patients 
performed different types of muscle-building movements 
under supervision (i.e. step, dynamic squat, isometric 
squat, crunch, abdominal and low back sheathing, 
isometric contraction of the quadriceps (chair position) 
and concentric contractions of the biceps (dumbbells of 
1-5 kg) (Supplemental Figure S1, http://www.irdrjournal.
com/action/getSupplementalData.php?ID=82).

2.6. Body composition

The body composition of MFS patients was measured 
using a bioimpedance scale (Tanita Body composition 
Analyzer BC-420MA). The bodyweight and the 
percent of fat mass (BF%), of lean mass (LM%) and of 
water were assessed. The body mass index (BMI) was 

Figure 1. Illustration of the experimental approach.
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patients. Globally, effort times were 15 to 50 seconds 
interspersed with recovery phases of 15 to 50 seconds 
and the series duration was 3 to 12 minutes. The 
training session time was 60 minutes. Exercises were 
performed at bodyweight or with low additional loads 
(20% of the 1RM maximum).

2.8.2. Resistance training (Group 3)

The resistance training consisted of a TC composed of 
a sum of series each comprising two times: 1) "effort" 
and 2) "recovery" (Table 2). Each series included a 
succession of dynamic or static exercises, chosen 
individually according to the initial assessment, and a 
rest time. The number of repetitions during the effort was 
between 6 and 12. The recovery times were higher than 
the effort time from 30 seconds to 3 minutes. The total 
duration of the workout was 60 minutes. All muscles 
were solicited in both specific and exclusive work (i.e. 
lower limb type, abdominal belt, or upper limb) or 
combined (i.e. grouping together several muscle groups). 
Initially, patients carried out work of coordination of 
gestures specific to muscular reinforcement. Then, they 
performed muscle-building sessions to body weight. 
Finally, the various exercises were performed with a 
higher load that can range from 30% to 50% of the 1RM 
depending on the capabilities of the patients.

2.8.3. Combination of endurance and resistance training 
(Group 4)

This training program consisted of 2 sessions alternating 
1 endurance TC session and 1 resistance TC session 

per week. The session of endurance was performed at 
a moderate-intensity corresponding to the target HR of 
VT1 and lasted 60 minutes. The session of resistance 
was performed at the HR of VT1, lasted 60 minutes and 
integrated muscular loads corresponding to 30-50% of 
the 1RM.

2.9. Telemonitoring

The investigators followed the training program weekly 
based on phone interviews and vidioconferences. 
Patients had a cardiofrequencemeter and a tensiometer 
before beginning the training at home. During each 
session of exercise, HR, DBP, SBP and the RPE scale 
were monitored. Patients were informed at visit 1 of the 
criteria for alarm at rest and for stopping exercise. These 
criteria were: at rest: a SBP of > 140 mmHg and a DBP 
of > 90 mmHg; on exertion: the SBP must remain ≤ 160 
mmHg) (12,14-16). Patients also had a training booklet 
made by the investigators at their disposal to understand 
the exercises to be done.
 Depending on variations of these parameters as 
training progresses, the investigators adjusted the 
exercise time and the recovery time in order to vary 
the intensity of the training. Moreover, a mismatch 
between the target training HR (i.e. HRVT1) and the HR 
communicated by the patient caused an adaptation of the 
work intensity, if necessary.

2.10. Statistical analyses

The ANOVA between the trained patients and the control 
patients was performed. Then the data of the 3 trained 

Table 1. Description of the endurance training circuit

Time × number se-ries

15''-15'' × 1
15''-10'' × 1
15''-5'' × 1
20''-10' × 1
20''- 5'' × 1
30''-15'' × 1
30''-10'' × 1
45''-10'' × 1
50''-10'' × 1

Total time

5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'

RPE: rating of perceived exertion.

Recovery time

15''
10''
  5''
10''
  5''
15''
10''
10''
10''

Exercise time

15''
15''
15''
20''
20''
30''
30''
45''
50''

Number of workshops

3-6
3-6
3-6
3-6
3-6
3-6
3-6
3-6
3-6

RPE scale

3/10
4/10
5/10
5/10
6/10
6/10
7/10
8/10
8/10

Table 2. Description of the resistance training circuit

Time × number se-ries

20''-30'' × 1
20''-30'' × 1
20''-1' × 1
20''-3' × 1
30''-3' × 1
30''-3' × 1

Total time

5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'
5' à 10'

RPE: rating of perceived exertion.

Recovery time

  < 30'' or more
  < 30'' or more
  < 1' or more
  < 3' or more
  < 3' or more
  < 3' or more

Exercise time

20''/8r
20''/8r
20''/8r
20''/8r
30''/8r

  50''/12r

Number of workshops

3-6
3-6
3-6
3-6
3-6
3-6

RPE scale

3/10
4/10
5/10
5/10
7/10
7/10
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subgroups was compared by ANOVA. Qualitative 
data were reported as a percentage, and quantitative 
data as means and standard deviation. All results were 
expressed as mean ± SD. The Software used was SPSS 
20. Differences were considered significant at P values ≤ 
0.05.

3. Results and Discussion

Regular physical activity is highly beneficial for patients 
with cardiovascular disease. Indeed, physically active 
patients have a decrease in cardiovascular mortality and 
in the risk of increasing the severity of their pathology 
(22). Moreover, regular, moderate to intense exercises 
have been reported to significantly lower blood pressure 
and therefore may have a significant impact on the 
appearance of cardiovascular diseases and aorthopathy 
(23-25). Patients with MFS might also benefit from 
regular physical activity but, to date, there are no 
randomized studies evaluating the longitudinal effect of 
exercise on survival or risk of aortic dissection in patients 
with aorthopathy including MFS patients (26).
 Only two studies performed on a mouse model of 
MFS demonstrated that a five-month training consisting 
of moderate to intense dynamic exercises induced either 
an improvement of the aortic wall elasticity (27) or no 
significant reduction of the aortic diameter (28) compared 
to sedentary control animals. Only one study performed 
in patients with MFS demonstrated the feasibility of 
training in such patients and no adverse events were 
found after the three-week training program during 
their one-year follow-up (11). Hence, there still is no 
evidence of contraindications for an exercise prescription 
in patients with MFS. Moreover, there is a need to 
investigate the precise effects of training in such patients 
has been recently mentioned (10,26). In this context, 
the preliminary results of our study that is underway 
are very encouraging. At this time, 8 patients (means: 
age: 30 ± 2 years; height: 178 ± 2 cm; weight: 66 ± 6 
kg) completed the 3-month combined training protocol. 
There is a tendency towards an increase of the score for 
their QoL between pre- and post-training (74 ± 15 vs. 
91 ± 6 ≈ + 25%). The evolution of their physiological 
parameters post-training also showed encouraging 
results. The VO2peak increased from 24 ± 4 to 27 ± 5 
mL/min/kg (p = 0.05), the slope of VE/VCO2 tended to 
decrease from 34 ± 19 to 24 ± 2, the pulsed wave speed 
decreased from 5.3 ± 0.4 to 5.1 ± 0.4 ms (p < 0.001), the 
Aix decreased from 24 ± 12 to 16 ± 13 (p < 0.001), the 
FEVG tended to increase from 60 ± 11 to 64 ± 12 %, and 
the 1RM increased from 64 ± 29 to 96 ± 25 kg (p < 0.05). 
Interestingly, despite the moderate intensity of training, 
the aortic diameter did not change between pre and post 
training (39.0 ± 52 vs. 39.3 ± 4.6 mm). This potentially 
demonstrates the safety of the training program and its 
feasibility for Marfan patients. We think that the other 
results from the whole population study will follow the 

previously described results and permit us to propose a 
new healthcare for MFS patients in the future based on 
adapted physical activity and telemonitoring.
 Telemonitoring is a unique feature of the training, 
facilitating control and compliance of the performed 
physical exercises by patients at home. In a review 
comparing studies performing telemonitoring or 
a traditional rehabilitation program in patients 
with cardiovascular diseases, authors reported that 
telemonitoring was as relevant as traditional training to 
induce benefits with no adverse effects in such patients 
(29). Again, based on our preliminary results, it is 
believed that patients with MFS might also benefit from 
an adapted home-based training program.
 In conclusion, this personalized home-based training 
program appears to improve the QoL of MFS patients. 
It is anticipated that this specific training program 
associating mild to moderate regular endurance and 
resistance exercises should be prescribed because of 
its known positive effects on global health. It is also 
believed that this study will prove that telerehabilitation 
is a safe intervention and that it can help to prevent 
thoracic aortic dissection by implementing it into 
standard preventive care for patients with MFS.
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