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Abstract 

Background This cross‑sectional controlled study aims to assess health‑related quality of life (HRQoL) of children 
and adolescents with a molecular diagnosis of Marfan syndrome (MFS) or related disorders and to evaluate the fac‑
tors associated with HRQoL in this population. Sixty‑three children with MFS and 124 age‑ and sex‑matched healthy 
children were recruited. HRQoL was assessed using the Pediatric Quality of Life Inventory (PedsQL™) generic question‑
naire. The correlation between HRQoL scores and the different continuous parameters (age, body mass index, disease 
severity, systemic score, aortic sinus diameter, and aerobic physical capacity) was evaluated using Pearson’s or Spear‑
man’s coefficient. A multiple linear regression analysis was performed on the two health summary self‑reported 
PedsQL™ scores (physical and psychosocial) to identify the factors associated with HRQoL in the MFS group.

Results Except for emotional functioning, all other domains of HRQoL (psychosocial and physical health, social 
and school functions) were significantly lower in children with MFS compared to matched healthy children. In 
the MFS group, the physical health summary score was significantly lower in female than in male patients (self‑report: 
absolute difference [95%CI] = ‑8.7 [‑17.0; ‑0.47], P = 0.04; proxy‑report: absolute difference [95%CI] = ‑8.6 [‑17.3; 0.02], 
P = 0.05) and also negatively correlated with the systemic score (self‑report: R = ‑0.24, P = 0.06; proxy‑report: R = ‑0.29, 
P = 0.03) and with the height Z‑score (proxy‑report: R = ‑0.29, P = 0.03). There was no significant difference in the physi‑
cal health summary scores between the different genetic subgroups. In the subgroup of 27 patients who performed 
a cardiopulmonary exercise test, self‑ and proxy‑reported physical health summary scores were highly correlated 
with their aerobic physical capacity assessed by peak oxygen consumption  (VO2max) and ventilatory anaerobic 
threshold (VAT). In the multivariate analysis, the most important independent predictors of decreased physical health 
were increased height, decreased body mass index, decreased VAT and use of prophylactic therapy.

Conclusions This study reports an impaired HRQoL in children and adolescents with MFS or related conditions, 
in comparison with matched healthy children. Educational and rehabilitation programs must be developed and eval‑
uated to improve exercise capacity and HRQoL in these patients.
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Background
Marfan syndrome (MFS) is an autosomal dominant 
genetic disorder of the connective tissue with an esti-
mated incidence of 1 in 5,000 live births [1]. This syn-
drome affects multiple organs and tissues including 
cardiovascular (i.e., mitral valve prolapse, aortic root 
aneurysm and dissection), ocular (i.e., severe myopia 
and ectopia lentis), and skeletal (i.e., disproportionately 
tall stature, arachnodactyly, pectus deformity, and sco-
liosis) systems. MFS is caused by a pathogenic variant in 
the FBN1 gene encoding fibrillin-1, inherited from one 
parent in nearly 75% of cases [2]. MFS diagnostic cri-
teria are based on the 2010 revised Ghent nosology [3] 
that combines clinical signs, family history and molecu-
lar diagnosis. According to this nosology, the combina-
tion of an aortic root aneurysm/dissection and ectopia 
lentis, i.e., the two cardinal features of MFS, is sufficient 
to make the diagnosis. When an aortic disease is present 
but ectopia lentis is not, a ‘systemic score’ including all 
other cardiovascular and ocular manifestations of MFS 
and findings in other organ systems, such as the skeleton, 
dura, skin and lungs, guides the diagnosis. Although not 
mandatory, genetic testing for FBN1 variants can also 
contribute to identifying pediatric forms of MFS, where 
age-related clinical manifestations may not be present, 
and also in adult forms overlapping with other herit-
able thoracic aortic diseases. Indeed, MFS shares car-
diovascular and skeletal features with related conditions, 
notably Loeys-Dietz syndromes (LDS) that are linked to 
pathogenic variants of genes encoding components of the 
TGFβ signaling pathway, notably transforming growth 
factor beta-receptors 1 and 2 (TGFβR1 and TGFβR2) and 
mothers against decapentaplegic homolog 3 (SMAD3) 
[4].

Medical treatment (i.e., β-adrenergic receptor blocker 
or angiotensin II receptor blocker) to slow aortic growth 
and prophylactic aortic aneurysm surgery to prevent aor-
tic dissections have led to improved lifespan in individu-
als with MFS [1]. According to the 2010 American Heart 
Association (AHA) / American College of Cardiology 
(ACC) Thoracic Aortic Disease guidelines, medical treat-
ment is indicated in children with MFS from 5 years of 
age, as studies demonstrate that medication slows aor-
tic dilatation, and the earlier medication is started, the 
greater the effect [5]. With the advances in the diagno-
sis and management of life-threatening cardiovascu-
lar events over the past 50  years, individuals with MFS 

currently have a life expectancy that approaches that of 
the general population [6]. However, patients with MFS 
continue to face many morbidities, including the sequelae 
of multiple surgeries as well as musculoskeletal impair-
ments that may affect their overall health-related quality 
of life (HRQoL). In the past decade, most HRQoL-con-
trolled studies in the MFS population have enrolled adult 
individuals and showed a significant impairment in their 
quality of life [7–18]. In these adult studies, psychologi-
cal and social factors were more strongly correlated with 
HRQoL than factors related to the severity of the disease. 
Conversely, the few studies that have evaluated HRQoL 
in children and adolescents with MFS [19–22] show 
divergent results, with normal or impaired HRQoL in 
children with MFS, and were difficult to compare, nota-
bly because of different scales used to measure HRQoL. 
In these pediatric studies, as in most adult studies, the 
lack of systematic molecular diagnosis of MFS makes any 
genotype–phenotype correlation analysis impossible. In 
this cross-sectional controlled study, we aimed to assess 
the HRQoL of 64 children and adolescents with a molec-
ular diagnosis of MFS or LDS in comparison with peers 
recruited in schools. We also sought to evaluate the fac-
tors associated with HRQoL in this population.

Methods
Study design
This cross-sectional controlled study was carried out 
between September 2018 and June 2022 in a pediat-
ric tertiary care national reference center for MFS and 
related conditions (Toulouse university hospital, Occit-
anie region, France), and in 14 school classes in the 
Occitanie region, France, randomly selected from the 
Department of Education’s database.

Patient population
Children and adolescents aged 5–18 years, with a molec-
ularly confirmed diagnosis of MFS or related condition 
(i.e., LDS), were prospectively recruited during a medical 
outpatient visit at the reference center of Toulouse Uni-
versity Hospital. We did not include children unable to 
understand the HRQoL questionnaire (e.g., non-French 
speakers, severe neurodevelopmental disorder) or chil-
dren with any recent surgical procedures (6 months prior 
to inclusion visit). Children filled in the HRQoL self-
questionnaire under the supervision of a trained clinical 

https://www.clinicaltrials.gov/study/NCT03236571
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research assistant, and their parents filled in the HRQoL 
proxy questionnaire in a separate room.

Control population
In the 14 selected school classes, parents or legal guard-
ians of all children aged 5 to 18  years were offered the 
chance to participate in the study, using the same recruit-
ment procedure for each class, which was similar to 
the one used at the hospital, as previously detailed [23, 
24]. Children completed the HRQoL self-questionnaire 
under the supervision of a clinical research assistant, at 
school. Parents filled in the HRQoL proxy questionnaire 
separately at home. Each child with MFS included in this 
study was matched on age and sex with 2 healthy chil-
dren of this control population.

Health‑related QoL assessment
In both groups, HRQoL was assessed using the Pediatric 
Quality of Life Inventory (PedsQL™) generic question-
naire. The PedsQL™ is a generic pediatric HRQoL instru-
ment widely used in healthy and chronically ill children 
[25]. Different age-adjusted PedsQL™ versions are avail-
able, with self-reported questionnaires to be completed 
by children aged above 5 years and proxy-reported ques-
tionnaires to be completed by their parents. Four versions 
of the PedsQL™ self and proxy questionnaires were used 
in this study (5–7, 8–12, 13–17 and 18–25 years old).

The 23 items in the PedsQL™ include four multi-
dimensional scales: physical (8 items), emotional (5 
items), social (5 items) and school (5 items) functioning. 
Each item uses a 5-point Likert scale from 0 (never) to 
4 (almost always). Items are reverse scored and linearly 
transformed to a 0-to-100 scale, with higher scores indi-
cating a better HRQoL. Two summary scores can be cal-
culated: the psychosocial health summary score and the 
physical health summary score.

The reliability and validity of the PedsQL™ question-
naires have been demonstrated in healthy and chroni-
cally ill patient populations [25, 26]. The translation and 
cultural adaptation into French was performed by the 
MAnagement de Projets Insu (MAPI) Research Insti-
tute (www. mapi- trust. org; French project management 
support network), in accordance with international 
guidelines [27]. Our group has performed psychometric 
validation of the self and proxy French versions of the 
PedsQL™ (age range 8–12 years) [28] and shown the sen-
sitivity of this instrument in various controlled prospec-
tive HRQoL studies among healthy controls and children 
with various chronic diseases [23, 24].

Clinical outcomes in the MFS population
Personal history, as well as clinical data (including ocu-
lar, cardiovascular and skeletal features of MFS), were 

obtained by retrospective chart review from the French 
national rare disease patient database (BaMaRa). Auxo-
logical parameters (height and weight with the calcula-
tion of the bone mass index, BMI) were collected and 
converted into age- and sex-specific Z-scores using 
published reference data [29]. The ‘systemic score’ was 
calculated in accordance with the 2010 revised Ghent 
nosology. Apart from aortic disease and ectopia lentis, 
this score included all other MFS cardiovascular (i.e., 
mitral valve prolapse) and ocular (i.e., severe myopia) 
manifestations, as well as findings in other organ systems, 
such as the skeleton, dura, skin and lungs (i.e., dispropor-
tionately tall stature, arachnodactyly, pectus deformity, 
scoliosis, pes planus, protrusion acetabuli, pneumotho-
rax, dural ectasia, skin striae, and facial features). A sys-
temic score ≥ 7 was considered a major criterion for the 
diagnosis of MFS. Echocardiographic measurements 
(outflow tract diameter, aortic sinuses, sinotubular junc-
tion, and tubular ascending aorta) were also collected and 
converted to Z-scores [30]. Aortic dilatation was defined 
as aortic root Z-score > 2.

Aerobic physical capacity, a predictor of HRQoL in 
children with cardiovascular disease [31] was assessed 
in MFS patients undergoing cardiopulmonary exercise 
testing in their routine follow-up. A single pediatric cycle 
ergometer protocol was used to obtain a homogene-
ous incremental overall duration between 8 and 12 min, 
as in our previous similar studies [32, 33]. The exercise 
test was considered maximal when the following criteria 
were reached: respiratory exchange ratio (RER =  VCO2/
VO2) ≥ 1.05, the limit of the child’s tolerance despite 
verbal encouragement, and inability to provide a mini-
mum pedaling frequency of 60 per minute despite ver-
bal encouragement. The maximum heart rate > 85% of 
the maximum age-predicted heart rate was not used as 
a criterion for maximal effort in this study, as most MFS 
patients are on beta-blockers. The values of peak oxy-
gen consumption  (VO2 max) and ventilatory anaerobic 
threshold (VAT) were collected.  VO2max and VAT were 
expressed in raw values (mL/Kg/min) and normalized 
as a percentage of predicted  VO2max according to the 
height-based pediatric equations from Cooper et al. [34]. 
A  VO2 max < 80% of predicted values indicated impaired 
aerobic physical capacity [32, 33]. A lower VAT < 55% of 
predicted  VO2max values supported a finding of physical 
deconditioning [32, 33].

Parents of children with MFS were also questioned on 
their socioeconomic characteristics including education 
level, whether or not they were working, civil status (i.e., 
parents living together or divorced, death of one parent), 
residential area (i.e., urban or rural area, single-family 
home or apartment), number of children and sibling 
rank.

http://www.mapi-trust.org
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Molecular analyses in the MFS population
Molecular analyses were performed in a single refer-
ence laboratory using next-generation sequencing (NGS) 
panel of 35 genes involved in MFS and related disor-
ders, following previously reported standard procedures 
[2]. Where possible, familial segregation of variants was 
investigated. Only likely pathogenic or pathogenic vari-
ants (classes 4 and 5 according to American College of 
Medical Genetics and Genomics–Association for Molec-
ular Pathology [ACMG-AMP] recommendations, [35]) 
were considered for this study. FBN1 variants were cat-
egorized either as predicted to result in premature stop 
codon (PTC) or in-frame (i.e., haploinsufficiency/domi-
nant negative). In-frame were also categorized as variants 
affecting cysteine content (missense variants that sub-
stitute for a cysteine [+Cys] or that substitute a cysteine 
for another amino acid [−Cys]) or not affecting cysteine 
content [36].

Statistical analysis
Auxological parameters (height and BMI) and aortic 
sinus diameters were converted into age- and sex-specific 
Z-scores from the mean result in the reference popula-
tion, using the published reference data cited in the 
description of each measurement technique. Descrip-
tive data were presented as frequencies for categorical 
variables and as mean and standard deviations (SD) for 
continuous variables. The continuous variables distribu-
tions were tested using the Shapiro-Wilk test. Character-
istics according to the pathogenic variant group (FBN1 vs 
TGFβ genes) and prophylactic cardiac therapy were com-
pared using parametric Student’s t-test if the distribution 
was Gaussian or the Mann–Whitney test otherwise and 
with Chi-square or Fisher test.

HRQoL scores were analysed using a linear mixed 
model with adjustments for age and gender. Brotherhood 
was introduced as a random effect.

The correlations between HRQoL scores and the dif-
ferent continuous parameters (age, BMI, systemic score, 
aortic sinus diameter, and aerobic physical capacity) were 
evaluated using Pearson’s coefficient if their distribution 
were Gaussian otherwise by Spearman’s coefficient.

To identify the factors associated with HRQoL in the 
MFS group, a multiple linear regression analysis was 
performed on the two health summary self-reported 
PedsQL™ scores (physical and psychosocial). The best 
method to select variables was determined using leave-
one-out cross-validation to minimized the sum of 
squared errors. Finally, it was a backward selection based 
on the corrected Akaike Information Criterion which was 
applied. No collinearity between variables was detected 
with variance inflation factors. The normality of residues 
in the final model was tested using the Shapiro-Wilk test.

Statistical significance was set at 0.05 and analyses were 
performed using the software SAS Enterprise Guide, ver-
sion 7.13 (SAS Institute, Cary, NC, USA).

Results
A total of 187 children were recruited (mean age 
11.9 ± 3.8  years, 37% female), including 63 subjects in 
the MFS group (mean age 12.4 ± 4.1  years, 37% female), 
and 124 subjects in the control group (mean age 
11.6 ± 3.6 years, 37% female). Both groups were similar in 
terms of age and gender. For the cohort of patients with 
MFS, all children and adolescents followed during the 
study period at the reference centre for Marfan syndrome 
of Toulouse University hospital agreed to complete the 
QoL questionnaires. In this MFS cohort, 27 (40%) chil-
dren underwent a cardiopulmonary exercise test as part 
of an exercise rehabilitation programme. The main rea-
sons for refusal to take part in this programme were dis-
tance from home to hospital and limited availability for 
additional follow-up visits. However, between the overall 
MFS cohort and the subgroup who underwent a cardio-
pulmonary exercise test demographic, skeletal, cardiac 
and ocular characteristics were similar.

Characteristics of the study population
The main characteristics of the MFS cohort are presented 
in Table  1. Twenty-six patients (41%) had ectopia lentis 
and lens surgery was required in 14 of them (54%). Most 
patients (N = 58, 92%) received pharmacological prophy-
lactic treatment for aortic root enlargement with beta-
blockers (N = 53, 91%), angiotensin II receptor blockers 
(N = 2, 3%), or both treatments combined (N = 3, 5%). 
Aortic root dilatation was observed in nearly two-thirds 
of children (N = 37, 59%), with a mean aortic root Z-score 
of 2.3 ± 1.3. Aortic dissection was not reported in this 
cohort, but two patients underwent prophylactic aortic 
surgery. A systemic score ≥ 7 was found for nearly half 
of the patients (N = 33, 52%). Five patients had a history 
of pneumothorax at a median age of 13 years at the first 
occurrence.

In terms of genetic molecular diagnosis, a (likely) 
pathogenic variant in FBN1 was found in most patients 
(N = 55, 87%), predicting respectively 44% of premature 
termination codon (PTC) and 56% of in-frame effects. 
Among in-frame variants of FBN1, 28% of these were 
cysteine loss variants, 6% were cysteine addition variants, 
12% were non-cysteine variants and 10% were in-frame 
del/dup. The variant was inherited from a heterozygous 
parent in 60% of patients. The remaining pathogenic 
variants (N = 8, 13%) affected genes involved in the TGFβ 
signaling pathway (one patient with a pathogenic variant 
in TGFβR1, one in TGFβR2, and 5 in SMAD3). As pre-
viously described, compared to patients with pathogenic 
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variants in the TGFβ signaling pathway, patients with 
(likely) pathogenic variants in FBN1 were taller, had more 
frequent ocular impairment and less frequent mitral 
valve abnormality (Table 1).

A total of 27 children with MFS performed a cardio-
pulmonary exercise test during the study period. Overall, 
their aerobic physical capacity was impaired, with a mean 
peak oxygen consumption  (VO2 max) of 32.8 ± 8.8  mL/
Kg/min, representing 63.4 ± 17.4% of predicted values, 
and a mean ventilatory anaerobic threshold (VAT) of 
18.0 ± 4.3  mL/Kg/min, representing 34.9 ± 8.6% of pre-
dicted values. Impaired  VO2max or VAT was observed in 
85% and 96% of children with MFS, respectively (Table 1).

Regarding socioeconomic characteristics of the parents 
of the children with MFS included in this study, about 
half of the parents (51% of mothers and 42% of fathers) 
had a high school diploma, and most of them (87% of 
mothers and 82% of fathers) were working. One-third 
(35%) of families received social benefits. Seventy-one 
per cent of parents lived together, 22% were divorced and 

one parent had died due to MFS. In terms of residential 
location, 45% of families lived in urban areas and 55% in 
rural areas, 80% lived in single-family homes and 20% in 
apartments. The mean number of children per family was 
2.5 ± 1.4 (ranging from 1 to 7) and sibling rank was on 
average 1.9 ± 1.1.

HRQoL in patients with MFS compared to matched healthy 
controls
HRQoL assessed by the PedsQL™ questionnaire was sig-
nificantly lower in children with MFS than in age- and 
sex-matched healthy controls, for self-reported total 
scores (73.9 ± 15.1 vs 82.5 ± 11.9, P = 0.0001, absolute 
difference -8.7 [-12.0; -4.7], respectively), as well as for 
proxy-reported total scores (70.2 ± 16.4 vs 81.8 ± 12.4, 
P < 0.0001, absolute difference -10.9 [-15.2; -6.5], respec-
tively) (Fig. 1, Supplemental Table 1). Similar significant 
differences were observed in all domains of HRQoL, 
except for emotional functioning, with the magni-
tude of the difference ranging from -10 to -5 points for 

Table 1 Population characteristics of the MFS group

Values were expressed as number of patients (%) or mean ± SD

VAT Ventilatory anaerobic threshold, VO2max Peak oxygen consumption
a P-value comparing patients with pathogenic variants in FBN1 versus TGFβ genes
b Information available in only 38 patients
c Evaluated in 61 patients because 2 patients had prophylactic aortic surgery

Total cohort (n = 63) FBN1 variant (n = 55) TGFβ-genes related 
variant (n = 8)

P‑valuea

Female 23 (37) 21 (38) 2 (25) 0.70

Age (years) 12.4 ± 4.1 12.5 ± 4.2 11.5 ± 3.6 0.52

Ocular features
  Myopiab 14/38 (37) 14/31 (45) 0/7 (0) 0.03
 Ectopia lentis 26 (41) 26 (47) 0 (0) 0.02
Cardiac features
 Abnormal mitral valve 27 (43) 20 (36) 7 (88) 0.02
 Aortic sinus diameter (Z‑score) 2.3 ± 1.3 2.4 ± 1.3 1.8 ± 1.7 0.28

 Aortic root dilatation (Z‑score ≥ 2)c 37/61 (61) 33/54 (61) 4/7 (57) 1.00

Skeletal features
 Height (Z‑score) 2.7 ± 1.5 2.9 ± 1.4 1.7 ± 1.5 0.03
 Body mass index (Z‑score) ‑1.0 ± 1.7 ‑1.1 ± 1.7 ‑0.7 ± 1.4 0.44

 Systemic score ≥ 7 33 (52) 31 (56) 2 (25) 0.14

Cardiopulmonary exercise test parameters (n = 27) (n = 24) (n = 3)

 Maximum heart rate (beats/min) 162.1 ± 22.0 161.9 ± 22.2 164.3 ± 25.3 0.86

 Per cent‑predicted maximum heart rate (%) 78.2 ± 10.8 78.3 ± 11.0 77.7 ± 11.6 0.93

 Respiratory exchange ratio 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.0 0.45

  VO2max (mL/Kg/min) 32.8 ± 8.8 32.1 ± 8.9 37.9 ± 8.3 0.30

 Percent‑predicted  VO2max 63.4 ± 17.4 62.5 ± 17.8 70.4 ± 14.3 0.47

 Impaired  VO2max (< 80% of per cent‑predicted  VO2max) 23 (85) 21 (88) 2 (67) 0.39

 VAT (mL/Kg/min) 18.0 ± 4.3 17.4 ± 4.0 22.4 ± 4.4 0.06

 Per cent‑predicted VAT 34.9 ± 8.6 34.0 ± 8.3 41.9 ± 9.0 0.14

 Impaired VAT (< 55% of per cent‑predicted  VO2max) 26 (96) 23 (92) 3 (100) 1.00
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self-reports, in the following dimensions (by descend-
ing order): social functioning, physical health summary 
score, psychosocial health summary score, and school 
functioning (Fig.  1, Supplemental Table  1). In proxy 
reports, the magnitude of the difference ranged from -16 
to -10 points, by descending order, for physical score, 
psychosocial score, social functioning, and school func-
tioning (Fig. 1, Supplemental Table 1).

HRQoL predictors in patients with MFS
In the MFS group, significant associations with vari-
ous parameters were observed in the PedsQL™ physical 
health dimension. The physical health score was signifi-
cantly lower in female than in male patients (self-report: 
69.5 ± 7.5 vs 78.3 ± 2.7, P = 0.04; proxy-report: 65.7 ± 3.8 
vs 74.4 ± 3.1, P = 0.05). The physical health score was also 
negatively correlated with the systemic score (self-report: 
r = -0.24, P = 0.06; proxy-report: r = -0.29, P = 0.03) and 
with the height Z-score (proxy-report: r = -0.29, P = 0.03).

In terms of genetic molecular diagnosis, self-reported 
PedsQL™ social functioning was significantly lower in 
patients with a (likely) pathogenic FBN1 variant than in 
those with a variant in genes involved in the TGFß sign-
aling pathway (71.7 ± 3.0 vs 89.7 ± 7.6, P = 0.03, respec-
tively). There was no significant difference in the other 
PedsQL™ scores according to the other FBN1 subgroups 
(PTC vs in-frame variants, cysteine loss variant vs other 
in-frame variants, cysteine loss variant vs PTC).

In the subgroup of 27 patients who performed a car-
diopulmonary exercise test, HRQoL was associated with 
the level of aerobic physical capacity in children with 
MSF. Indeed, self- and proxy-reported PedsQL™ physi-
cal health summary and social functioning scores were 

highly correlated with  VO2max (expressed in mL/Kg/
min or in the percentage of predicted  VO2max) and VAT 
(expressed in mL/Kg/min or in the percentage of pre-
dicted  VO2max) (Fig. 2).

In a multivariate analysis, the following parameters 
were independent predictors of a lower PedsQL™ self-
reported physical health summary score: greater height 
(expressed in Z-score), lower body mass index (BMI) 
(expressed in Z-score), lower VAT (expressed in mL/Kg/
min) and use of a prophylactic cardiac therapy (Table 2).

The psychosocial health summary score was positively 
associated with civil status (parents living together vs 
divorce/death; adjusted β [95%CI] = 9.41 [0.77; 18.04], 
P = 0.03) but not with MFS characteristics.

Discussion
In this study, we reported a significantly lower HRQoL 
in children and adolescents with MFS and related dis-
orders compared to age- and sex-matched healthy chil-
dren. Except for emotional function, all the other HRQoL 
domains (psychosocial and physical health, social and 
school functions) were affected. Greater height, lower 
body mass index, lower exercise capacity (VAT) and use 
of prophylactic cardiac therapy were independent predic-
tors of a lower physical health summary score.

Only a few studies have evaluated HRQoL in the 
pediatric MFS population [19–22]. The results of these 
studies are sometimes divergent and difficult to com-
pare notably because of differing scales used to measure 
HRQoL. Our results are in line with two other uncon-
trolled studies using the PedsQL questionnaire includ-
ing respectively 11 and 256 children and adolescents 
with MFS [19, 20]. Consistent with our results, HRQoL 

Fig. 1 Comparison of PedsQL™ scores between patients with MFS versus age‑ and ‑sex‑matched healthy controls. A Self‑report, B Proxy‑report. 
The bottom and top of the box represent the first and third quartiles, the band inside the box represents the second quartile (median), the circle 
represents the mean and the end of the whiskers represents the minimum and maximum values
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Fig. 2 Correlation between PedsQL™ scores and clinical parameters. A Self‑report, B Proxy‑report

Table 2 Predictors of HRQoL self‑reported physical functioning in children with Marfan syndrome

All variables were candidated in multivariate analysis. Variables associated with PedsQL self-reported physical functioning in both univariate and multivariable 
analyses are marked in bold

cβ Crude β, aβ Adjusted β, CI Confidence interval

Variables N Univariate analysis Multivariable analysis (n = 21)

cβ [95%CI] P‑value aβ [95%CI] P‑value

Age (years) 62 ‑0.86 [‑1.95; 0.25] 0.1258 ‑ ‑
Gender

 Female 22 8.51 [‑17.80; 0.78] 0.0719 ‑ ‑

 Male 40 ‑

Height (z‑score) 62 ‑0.57 [‑3.74; 2.59] 0.7185 ‑4.86 [‑8.71; ‑1.02] 0.0164
Body mass index (z‑score) 62 0.37 [‑2.33; 3.07] 0.7855 3.37 [0.86; 5.89] 0.0117
Aortic sinuses diameter (z‑score) 60 ‑1.14 [‑4.69; 2.41] 0.5213 ‑ ‑
Medical prophylactic therapy

 No 57 ‑20.00 [‑35.96; ‑4.04] 0.0149 ‑29.19 [‑46.77; ‑11.61] 0.0001
 Yes 5 ‑ ‑

Ectopia lentis

 Yes without surgery 37 1.87 [‑10.33; 14.08] 0.2998 ‑ ‑
 Yes with surgery 14 ‑7.87 [‑19.02; 3.29]

 No 11 ‑

Systemic score 62 ‑1.30 [‑2.86; 0.26] 0.1008 ‑ ‑
VO2max (mL/Kg/min) 27 1.01 [0.33; 1.69] 0.0053 ‑ ‑
VAT (mL/Kg/min) 27 2.20 [0.82; 3.57] 0.0029 2.96 [1.71; 4.21] 0.0028
Inheritance

 De novo 35 ‑3.02 [‑13.12; 7.09] 0.5522 ‑ ‑
 Familial 22 ‑ ‑ ‑
Place among siblings 56 ‑3.21 [‑7.52; 1.09] 0.1406 ‑ ‑
Civil status

 Divorce / death 41 ‑10.96 [‑21.01; ‑0.94] 0.0327 ‑ ‑

 Together 16 ‑

Living area

 Urban zone 26 ‑7.54 [‑16.59; 1.51] 0.1006 ‑ ‑

 Rural zone 33 ‑
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was lower across multiple domains (physical, social, 
and school functions), except for emotional function 
[19]. This relative sparing of emotional function may be 
explained by the development of coping skills in chil-
dren that allow normal emotional function despite their 
physical limitations. Using the Child Health Question-
naire (CHQ), Warninck et  al. also reported impaired 
HRQoL in 74 children with MFS mainly due to 
impaired physical functioning, general health and nega-
tive mental health state [22]. In this study, children with 
MFS did not report experiencing low self-esteem and 
limitations in family activities. Moreover, compared to 
other heritable connective tissue disorders, children 
with MFS were less severely affected than children with 
hypermobile Ehlers-Danlos syndrome [22]. Only one 
study, which included 46 children with MFS and used 
the German KINDL-R instrument [21] has reported 
that HRQoL was unimpaired.

In this study, we also sought to identify predictors of 
quality of life. In a disease characterized by age-depend-
ent progressive clinical manifestations, deterioration in 
HRQoL with age is to be expected. However, a compari-
son of prepubertal (< 12  years) with postpubertal chil-
dren (> 12 years) did not reveal any worsening of HRQoL 
during childhood and adolescence, and age was not cor-
related with physical health summary scores in multiple 
regression analyses. Usually, older age in adult patients 
is significantly associated with impaired HRQoL [8, 13]. 
However, children may be less aware than adults of dis-
ease severity, and it is possible that the potentially life-
threatening adulthood complications do not affect the 
daily life of pediatric patients. The stability of HRQoL 
during childhood and adolescence may also reflect bet-
ter management and support of pediatric patients dur-
ing their follow-up. Indeed, in recent years, psychological 
support and educational programs have been set up in 
our reference center with very positive feedback from 
patients. We drew inspiration from similar interventions 
in other chronic diseases, such as transition education 
programs, created to improve patient self-efficacy, dis-
ease knowledge, and ultimately quality of life [37].

Regarding the influence of sex-based differences, the 
physical health score was significantly lower in female 
compared to male patients using a linear mixed model 
with adjustment for age but this variable was no longer 
significant in multiple regression analyses suggesting 
confounding factors. In adults, it has been reported that 
females scored significantly lower than males on physical 
well-being and behavioral functioning [38]. However, in 
that adult study, no factors associated with lower HRQoL 
in female versus male patients could be identified. In pedi-
atric studies, results were mixed. Whereas two studies did 
not identify sex-based differences in HRQoL [21, 22], a 

third reported that male sex was significantly associated 
with worse psychosocial HRQoL [19].

The feeling of being different from their peers due to 
their physical appearance may affect the quality of life of 
children with MFS. Indeed, in our study, clinical features 
such as tall stature and lean body were negatively asso-
ciated with HRQoL. Accordingly, in Mueller et al. study, 
children with more distinct skeletal features had reduced 
emotional well-being subscales compared to unaffected 
children [21].

Surprisingly, no significant association was found 
between HRQoL and ocular impairment (ectopia len-
tis) whatever the severity, which is in line with other 
studies performed in children [19] and adults with 
MFS [7, 8, 13, 17, 18].

Genotype-phenotype correlations have been reported 
in MFS regarding the different cardiovascular, ocular and 
skeletal manifestations. Patients with predicted PTC var-
iants of FBN1 (leading to haploinsufficiency, quantitative 
defect) have more severe aortic dilatation and systemic 
manifestations than patients with predicted in-frame 
pathogenic variants (leading to a dominant negative 
effect, qualitative defect) [36, 39–46]. Regarding in-frame 
variants, variants that substitute a cysteine, which is 
involved in disulfide-bridge formation, for another amino 
acid (-Cys) are associated with more severe aortic and 
skeletal phenotypes whereas variants that substitute for a 
cysteine (+Cys) are associated with more ocular manifes-
tations [36]. In contrast with previous pediatric and adult 
HRQoL studies, molecular diagnosis of MFS or related 
conditions was available for all patients included in this 
study, allowing investigation of potential genotype–
phenotype correlations. Unfortunately, no significant 
HRQoL difference according to the different genetic sub-
groups was observed in this study. However, this negative 
result may be due to the small number of patients in each 
subgroup.

An original result of this study was the significant 
positive association of physical health score with car-
diopulmonary fitness, as assessed by  VO2 max and VAT. 
Although maximum oxygen uptake  (VO2max) reflects 
an integrative exercise response involving the pulmo-
nary, cardiovascular and skeletal muscle systems, the 
ventilatory anaerobic threshold (VAT) is an index used 
to estimate exercise capacity. Patients with an impaired 
exercise capacity reached the VAT earlier, suggesting a 
higher degree of muscular deconditioning. Children and 
adolescents with MFS report increased pain and fatigue, 
and limited participation in activities and daily life, com-
pared with their healthy peers [22, 43–46]. The same 
complaints are reported in adults with MFS, resulting 
in impaired HRQoL [11, 17]. Physical deconditioning in 
MFS is multifactorial and may involve the severity of the 
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ocular, cardiac and skeletal manifestations of the disease, 
however the physical activity restriction recommenda-
tions by physicians and the over-protectiveness of parents 
are also factors. Moreover, children and adolescents with 
a sedentary lifestyle may be trapped in a vicious cycle of 
muscular deconditioning, even in the initial absence of 
severe physical impairment. As a result, the promotion 
of physical activity should be a major educational objec-
tive for these patients. Greater awareness among all pro-
fessionals involved in the care of children with MFS and 
their families must be developed. Furthermore, specific 
rehabilitation programs are needed to improve the exer-
cise capacity and consequently the quality of life of these 
patients, as in children with congenital heart disease [37].

Although our study is one of the largest series of chil-
dren and adolescents with a molecular diagnosis of MFS 
assessed for quality of life, it has several limitations. 
There was a slight predominance of males over females 
(63 vs 37%), but this discrepancy was taken into account 
in the statistical analysis. In the MFS cohort, less than 
half (40%) of the children underwent a cardiopulmonary 
exercise test as part of an exercise rehabilitation pro-
gramme, but there was no statistical difference between 
the overall MFS cohort and this subgroup. Unfortunately, 
the number of patients in each genetic abnormality sub-
group was small, which may explain the lack of genotype-
phenotype correlations. Finally, individual longitudinal 
follow-up with age on QoL scores would be very interest-
ing and could be proposed in future studies.

Conclusions
This study reports impaired HRQoL in children and ado-
lescents with MFS, in comparison with healthy matched 
peers. These findings emphasize the need to monitor the 
HRQoL of children and adolescents with MFS. Moreover, 
this study established a correlation between physical fit-
ness and quality of life, highlighting the need to develop 
and evaluate educational and rehabilitation programs to 
improve exercise capacity and HRQoL in these patients.
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