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Abstract

Background: Marfan syndrome, a rare hereditary connective tissue disorder caused by mutations in fibrillin-1, can
affect many organ systems, especially the cardiovascular system. Previous research has paid less attention to health-
related quality of life and prospective studies on this topic are needed. The aim of this study was to assess changes in
health-related quality of life after 10 years in a Norwegian Marfan syndrome cohort.

Methods: Forty-seven Marfan syndrome patients > 18 years were investigated for all organ manifestations in the
1996 Ghent nosology and completed the self-reported questionnaire, Short-Form-36 Health Survey, at baseline in
2003-2004 and at follow-up in 2014-2015. Paired sample t tests were performed to compare means and multiple
regression analyses were performed with age, sex, new cardiovascular and new non-cardiovascular pathology as

predictors.

Results: At 10-year follow-up: a significant decline was found in the physical domain. The mental domain was
unchanged. Older age predicted a larger decline in physical health-related quality of life. None of the chosen Marfan-
related variables predicted changes in any of the subscales of the Short-Form 36 Health Survey or in the physical or

the mental domain.

Conclusion: Knowledge of decline in the physical domain, not related to organ affections, may be important in the

follow-up of Marfan syndrome patients.
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Introduction

Marfan syndrome (MFS) is a rare hereditary connective
tissue disorder (HCTD), caused by mutations in fibril-
lin-1 (FBNI) (OMIM 134797). The diagnosis is based on
clinical criteria and DNA sequencing. Population based
prevalence has been reported between 4.6 and 10.2 per
100,000 [1-3]. MFS can affect many organ systems,
among them the cardiovascular system with manifesta-
tions such as aortic dilatation and aortic dissection; the
ocular system; the skeletal system; the dura mater; the
pulmonary system and the skin and integuments. Organ
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manifestations seem to progress throughout life [4—6].
Although life expectancy has increased since the 1970’s
[7], it is still shortened in MFS patients, mainly due to
aortic and other cardiovascular affections [1, 8]. Research
on MFS has focused on organ affections, molecular
pathogenesis and surgical and medical management
[9], with less attention to health-related quality of life
(HRQoL) [10]. As treatment has improved and life expec-
tancy has increased, more knowledge is needed regard-
ing HRQoL and psychosocial consequences of living with
this chronic condition.

Studies on HRQoL in MFS patients are mainly
designed as cross-sectional studies, the quality are vary-
ing, the results diverging and in almost half of the stud-
ies, the participants do not have a verified diagnosis of
MES [10, 11]. Most studies report reduced HRQoL in
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MES patients compared to the general population or
other controls, but the study populations have often been
small, the response rates low and different methods for
assessing HRQoL have been used [12-20].

The Short Form-36 Health Survey (SF-36) from the
Medical Outcomes Study [21] has been the most fre-
quently used tool for assessing HRQoL in adults with
MES [10]. SF-36 measures self-reported health status
and comprises eight subscales: physical functioning, role-
physical, bodily pain, general health, vitality, social func-
tioning, role-emotional and mental health. The mental
component summary (MCS) and the physical component
summary (PCS) scores are calculated from these eight
subscales. Other instruments that have been used for
assessments of HRQoL in the adult MFS population are
the SF-12 (a shorter version of SF-36) [22], The Ferrans
and Powers QoL index [23], and the Nottingham Health
Profile [24], reflecting variations of the dimensions in
HRQol.

Reduced HRQoL in MFS patients has been associated
with mental fatigue [25] and difficulties in attentional
and memory abilities [20]. One study found good cor-
relations between some sleep complaints and reduced
HRQoL in some of the subscales of the SF-36 [12]. Most
studies have not found associations between the cardio-
vascular severity of the syndrome and low HRQoL [16,
17, 26]. Only one study found that disease-related fac-
tors, including cardiovascular manifestations, affected
HRQoL in MFS patients [27]. Severe scoliosis has been
weakly related to a reduced physical HRQoL [17]. Better
HRQoL has been associated with insurance and employ-
ment status [26]. Pain has been reported prevalent in
47-91% of MFS patients [12, 28]. One study found asso-
ciations between physical and mental health functioning
and pain-related disability [29].

In our baseline study from 2003-2004 [16], reduced
scores were found in all the subscales of the SF-36 and for
MCS and PCS in the Norwegian MFS study cohort, com-
pared to the general Norwegian population. Increasing
age in MFS patients was associated with reduced HRQoL
in two subscales, bodily pain and physical functioning.
No associations were found between any of the subscales
and sex, body mass index, ascending aortic surgery or
joint hypermobility.

To our knowledge, only one observational pilot study
has presented HRQoL follow-up data in a small MFS
study population, 1 year after a 3-week rehabilitation
program, reporting improved HRQoL on one subscale of
the SE-36, role-physical, and on one subarea of the Not-
tingham Health Profile, emotional reaction [30].

With the contradictory associations between
organ pathology and HRQoL, prospective studies are
warranted.
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The aim of this 10-year follow-up study was to assess
changes in the eight subscales of the SF-36 and changes in
MCS and PCS. Secondly, we wanted to explore whether
age, sex, development of new cardiovascular pathology or
other new severe organ pathology predict decline in any
of the subscales or in MCS and PCS.

Materials and methods

This study is based on a Norwegian MFS cohort [31],
18 years of age or older. Patients with presumed MFS
were recruited through letters to all adults registered as
having MFS at TRS National Resource Centre for Rare
Disorders; through information letters delivered to MFS
patients at the Department of Cardiothoracic Surgery at
Oslo University Hospital or through information pub-
lished in the magazine for the Norwegian Marfan Asso-
ciation. All participants were investigated in 2003—2004
(baseline) for all the organ systems described in the 1996
Ghent nosology (Ghent-1) [32], and the SF-36 ques-
tionnaires were completed [16]. All received a report
with recommendations for future follow-up of Marfan-
related manifestations after the baseline study. FBNI was
sequenced in all participants and whole exome-based
high-throughput sequencing analysis of 53 genes asso-
ciated with HCTD was performed in all FBNI-negative
participants. Due to new knowledge, for the follow-up
study all the participants were reassessed according to
the diagnostic criteria. After reassessment, 84 of the orig-
inal 105 patients were diagnosed as having MFS accord-
ing to Ghent-1. The remaining patients were reclassified
to other diagnoses. At 10-year follow-up, 16 of 84 were
deceased and investigated for causes of death [8]. Of
68 survivors, 47 accepted an invitation to the follow-up
study. All participants gave their informed consent prior
to inclusion in the study. At follow-up, all the participants
received the questionnaire by mail prior to the investiga-
tions of the organ manifestations. The questionnaires
were completed and returned to the physician who coor-
dinated the investigations at the same day as they were
performed. All the participants were investigated for all
the features described in the diagnostic criteria with the
same methods and modalities as at baseline [6]. The car-
diovascular investigations included assessments of mitral
valve prolapse; dilatation or dissection of the ascend-
ing aorta, the aortic arch and the descending aorta; and
dilatation of the main pulmonary artery. For the pre-
sent analyses new cardiovascular manifestations were
defined as: aortic surgery, type A and type B dissection,
mitral valve prolapse with and without surgery, endocar-
ditis and stroke. New non-cardiovascular pathology was
defined as ectopia lentis, retinal detachment, surgeries
due to severe scoliosis, hip surgery and cancer. At follow-
up, the participants were interviewed about whether or
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not they had been followed-up as recommended from
the baseline report, and about their use of antihyperten-
sive medication.

Of demographic data, only data on age and sex was
obtained.

The Norwegian version 1 of SF-36 was used to assess
HRQoL both at baseline and follow-up. Missing data in
SE-36 were less than 1% for all the items and there were
only single missing items, which were substituted with
the subscale mean of the participants according to the
SE-36 software procedures.

Previous studies have shown a high validity and reli-
ability of the SF-36 [33, 34]. Minimum clinically impor-
tant difference (MCID) has been suggested to be between
4 and 6 points for MCS and between 4 and 5 points for
PCS [35, 36]. We have chosen a cut-off of 4 points for
both MCS and PCS when calculating the proportion of
participants that has changed.

Analysis and statistics

Optum® PRO CoRE software version 1.4.7003.15542
was used to calculate the norm-based scores (mean 50,
SD 10) for all eight subscales, MCS and PCS [10]. The
norm is based on the 1998 U.S. general population. The
norm-based scores were used to calculate within sub-
ject changes over time. For comparison of our data with
the Norwegian norm population, we calculated z-scores
and used a z-score>0.5 [37] as a measure of clinical
significance.

Descriptive statistics are presented as mean values with
standard deviation (SD) or proportions. Paired sample ¢
tests were performed to compare the means of changes
in the eight subscales and MCS and PCS from baseline to
10-year follow-up. The variation in HRQoL changes over
10 years in MFS patients were not known. Hence, a pri-
ori sample size calculation was not performed. However,
we had estimated that with an SD of eight, we had 90%
power to detect the MCID difference of 4 points given
a significance level of 5%. In addition, we restricted the
multiple regressions to five independent variables.

To explore predictors of changes in the eight subscales
and MCS and PCS, we first performed simple linear
regression analyses with age, sex, new cardiovascular
pathology and non-cardiovascular pathology as predic-
tors, one at a time. Next we performed a total of ten mul-
tiple linear regression analyses with the changes in all of
the subscales and MCS and PCS as outcome variables,
controlling for the baseline score of the outcome variable
in addition to age, sex, new cardiovascular pathology and
non-cardiovascular pathology. Collinearity diagnostics
were used to determine the multicollinearity between the
variables.
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The results of the regression models are presented
with regression coefficients, 95% confidence interval
(CI), R? and p values. p < 0.05 was considered statistically
significant.

IBM SPSS Statistics for Windows, version 25 (IBM
Corp., Armok, NY) was used for the analyses.

Results
The main characteristics of the MFS cohort are presented
in Table 1.

In the baseline cohort (N=84), mean age was
40.2 years (SD 13.2) and the proportion of females was
64%. Mean age of the non-responders at baseline was
34.2 years (SD 13.7), nine males and 12 females. For the
baseline cohort, MCS was 46.8 (SD 11.5) and PCS was
40.7 (SD 11.4). For the non-responders, MCS at base-
line was 46.5 (SD 11.9) and PCS at baseline was 40.3 (SD
12.8), which is similar to the scores of baseline cohort.

Thirty-two percent of the patients did not receive
follow-up as recommended from the baseline study. At
follow-up statistically significant decline was found in the
subscales of physical functioning and bodily pain, with
the largest decline in physical functioning, and a statisti-
cally significant decline was found for PCS, but not MCS
(Fig. 1 and Table 2).

The decline in physical functioning and bodily pain
was associated with higher age, p<0.05. The results of
the multiple regression analyses showed that none of
the factors: sex, new cardiovascular pathology or new
non-cardiovascular pathology predicted changes in any
of the eight subscales or MCS or PCS at 10-year follow-
up. However, older age predicted a larger decline in PCS.
For every 1 year increase in age, there is a decrease in the
PCS score of 0.33.

None of the MFS related factors predict the change
in MCS, still age is the strongest predictor for MCS,

Table 1 Characteristics of the MFS cohort at 10-year
follow-up, N=47

Females, n (%) 34(72.3)
Age, mean (SD) 499 (11.7)
FBNT mutation (%) 45 (95.7)
Body mass index, mean (SD) 253 (5.7)
-Adrenergic blocking agents or other antihypertensive 35(74.5)
medication, n (%)
Ascending aortic dilatation® at follow-up, n (%) 43 (91.5)
Aortic surgery during life, n (%) 30 (63.8)
New cardiovascular pathology during follow-up, n (%) 21 (44.7)
New non-cardiovascular pathology during follow-up, n (%) 14 (29.8)

® According to the normal material by Devereux et al. Numbers including
patients with aortic graft
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Fig. 1 Norm-based scores at baseline and at 10-year follow-up of
the Mental Component Summary (MCS), the Physical Component
Summary (PCS) and the eight subscales: Physical Functioning (PF),
Role-Physical (RP), Bodily Pain (BP), General Health (GH), Vitality
(VT), Social Functioning (SF), Role Emotional (RE) and Mental Health
(MH).*p <0.05

showing that for each 1 year increase in age there is an
increase in the MCS score of 0.15. However, this finding
is not statistically significant. For all subscales as well as
MCS and PCS, the decline was related to higher baseline
level of the variable (Table 3a, b). This finding is statis-
tically significant for all variables, except for physical
functioning, where p =0.054. The mean scores of MCS
and PCS at baseline and follow-up in age groups are pre-
sented in Fig. 2a, b. When using a MCID of 4 points for
both MCS and PCS, nearly half of the study population,
19/47, experienced improved MCS at follow-up, while
nearly half, 21/47, experienced reduced PCS at follow-up.
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At follow-up, we found significantly reduced scores in
all subscales, except mental health, for the MFS cohort
compared to the general Norwegian population. Physical
functioning z-score — 1.52, role-physical z-score — 0.96,
bodily pain z-score —0.59, general health z-score —1.01.
Vitality z-score —0.76, social functioning z-score —0.73
and role-emotional — 0.63.

Discussion

To our knowledge this is the first long-term study where
HRQoL has been reassessed after a 10-year period in a
MES cohort. The follow-up MFS cohort is representa-
tive of the baseline cohort regarding age. The proportion
of females is higher, and the baseline scores of MCS and
PCS is slightly higher than for the baseline cohort. We
found decline in the two subscales physical functioning
and bodily pain and the PCS scores after 10 years, and
that older age at baseline predicted a larger decline in
PCS and that older age at baseline is related to decline in
physical functioning and bodily pain after 10 years. Physi-
cal functioning contributed the most to HRQoL, followed
by bodily pain. Only one previous study has presented
follow-up data, reporting improved HRQoL on one sub-
scale, role-physical, but the patients were only followed
for 1 year [30]. It is unknown whether this improvement
in role-physical would sustain after 10 years, and this
1-year follow-up did not show any changes in MCS or
PCS.

Raw scores for the eight subscales of SF-36 in the
Norwegian general population has been published by
Jacobsen et al. [38, 39]. A challenge is the variable level
of expected scores dependent on age and gender, ren-
dering comparison between our small MFS sample with

Table 2 Raw scores of the eight subscales at baseline, follow-up and changes after 10 years, and norm-based scores
of the eight subscales, MCS and PCS at baseline, follow-up and changes after 10 years

Baseline Follow-up Changes after 10 years
Raw scores Norm-based Raw scores Norm-based Raw scores Norm-based
scores scores scores

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Physical functioning 76.6 19.7 473 83 63.5 286 418 12.0 —55 9.5 —55 9.5
Role physical 534 40.5 431 115 46.8 435 412 123 —-19 14.8 —-19 14.8
Bodlily pain 59.9 214 456 9.2 54.3 19.8 432 8.5 —24 74 —24 74
General health 50.8 214 409 10.0 514 213 413 10.0 03 11.7 03 1.7
Vitality 44.0 188 439 89 427 19.2 432 9.1 —0.7 9.5 —0.7 9.5
Social functioning 729 24.2 454 10.5 71.0 272 446 1.8 —-08 114 —-08 14
Role emotional 78.0 349 484 11.0 75.2 37.7 47.5 11.9 —-09 133 —-09 133
Mental health 73.5 17.7 49.0 10.0 74.7 153 49.7 87 0.7 94 0.7 94
MCS 482 11.6 49.5 10.9 13 10.3
PCS 431 10.0 395 1.7 —36 109
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Table 3 Multiple regression of the effect of age, sex and new pathology on change in (a) mental component summary
(MCS) from baseline to 10-year follow-up, controlling for baseline MCS (R?=0.30), (b) physical component summary
(PCS) from baseline to 10-year follow-up, controlling for baseline PCS (R?=0.30)

Predictor variable

Regression 95% Cl for t p value
coefficient, B
Lower bound Upper bound
@)
Age 0.15 —-0.12 041 1.10 0.28
Sex 1.82 —4.51 8.14 0.58 0.57
New cardiovascular pathology 094 —-50 6.86 032 0.75
New non-cardiovascular pathology —042 —6.54 5.70 —-0.14 0.89
MCS —0.50 —0.74 —0.25 —4.00 0.000
(b)
Age —033 —0.60 —0.06 —246 0.02
Sex —042 —7.74 6.89 —0.12 0.91
New cardiovascular pathology —3.10 —948 327 —0.98 0.33
New non-cardiovascular pathology 047 —6.04 6.97 0.14 0.89
PCS —057 —0.90 —0.24 —3.46 0.001

the Norwegian reference population difficult. However,
a crude comparison between the reference values for
the age groups 40-59 years and our population indicate
lower scores in MFS patients. In the Norwegian popula-
tion there is a slight decline in physical functioning and
bodily pain from the age group 40-49 years to the age
group 50-59 years. In our MFS cohort the decline is from
a lower baseline level.

Our MES cohort has a slightly higher MCS and slightly
lower PCS than the ischemic heart disease patients in
Huber’s study [40] (MCS 45.9, SD 10.9; PCS 42.3, SD 9.7
in patients <51 years).

The findings in our study of decline in PCS and no
changes in MCS support previous studies which have
shown significant lower physical QoL, but no affections
of mental QoL [14, 17]. One study even reported slightly
better MCS than the general population, but still lower
PCS [18]. Only one study has found the opposite result,
with lower MCS, but no affections of PCS [15].

The results of this 10-year follow-up indicate that
physical limitations might negatively affect HRQoL.
Traditionally, MFS patients have had many restrictions
regarding physical activity, due to fear of progression of
aortic pathology. In recent years, these advice has been
moderated. This study supports the use of measures to
prevent physical decline and not only focus on organ
pathology in the follow-up of MFS patients.

Our findings support other comparable studies which
report lower HRQoL in all SF-36 domains compared to
healthy controls or the general population [12, 19, 29].
Two studies have only assessed the physical domain
of SF-36 and not the mental domain, where one of the

studies found reduced physical QoL compared to the
general population and the other compared HRQoL
between two MFS groups [26, 41].

The results from our study showed that neither new
cardiovascular pathology nor new non-cardiovascular
pathology predicted changes in HRQoL after 10 years.
Only one previous study indicates an association between
disease-related factors and HRQoL in MFS patients, but
this study has a different design and no follow-up data
[27].

No gender differences were found in our study. A study
of the general Norwegian population from 2002-2003
reported lower scores for females across almost all eight
subscales in all age groups. The minor exceptions were
physical functioning for the age group 15-19 years, bod-
ily pain for the age group 20-29 years and general health
for those over 79 years, where females had slightly bet-
ter scores [42]. The same study reported that for both
genders, the age groups 40-49 and 60—69 years had the
highest scores for role-emotional and mental health,
respectively. The younger age groups had the highest PCS
scores, which declined with successive age groups. The
results of our study show similar findings as for the gen-
eral Norwegian population regarding decline of physical
HRQoL with increasing age. However, the decline is sig-
nificantly larger in our MES cohort than for the reference
population. Most interestingly, higher age was related to
better mental HRQoL at follow-up.

Our study support studies which have reported that the
severity of the syndrome does not seem to affect HRQoL
[17, 26]. Nearly 45% have developed new cardiovascu-
lar manifestations during the 10-year period. These new
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Fig. 2 a Mean scores of MCS in age groups at baseline and at follow-up, b mean scores of PCS in age groups at baseline and at follow-up

18-20 21-30 31-40 41-50 51-60 61-70 71-80

pathologies did not induce any decline in MCS, which
indicate that the severity of the syndrome does not affect
the mental health and that MFS patients seem to cope
with this aspect of the syndrome well.

One study reported that better HRQoL was associ-
ated with insurance and employment status [26]. This is
not an important issue for a study of a MFS population
in Norway, since national health services are free for all
Norwegian residents and a private health insurance is not
necessary.

Other papers on QoL in MFES patients have been pub-
lished, but these are either not HRQoL [43-45] or the
study population has been children or young adults with
MFES [46, 47]. The results from these studies are not

directly comparable to our study, since other methods
have been used and none of these studies are long-term
follow-up studies.

The strength of our study is that FBNI has been
sequenced in all patients and all have a confirmed diag-
nosis of MFS. In addition, all relevant organ systems have
been investigated twice, which have given us detailed
knowledge about changes of organ manifestations in a
10-year period. Another strength of this study is that all
patients completed the questionnaire with less than 1%
missing items, and that we do not have any missing data
regarding the predictors.

The weakness of this study is the small cohort and
the skewness with a higher proportion of females in the
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baseline cohort. 61% of the drop-outs at follow-up were
females. The variation within subject changes were
higher than our a priori guess. It is argued by Hoe-
nig and Heisey that post hoc sample size calculations
or calculations of detectable effect size do not help in
interpretation of the results post hoc [48]. However,
the changes in MCS were clearly below the MCID. As
MEFS is a rare disorder, and the patients were recruited
from the Norwegian population of 5.4 million, it was
not possible to increase the study cohort. The low sam-
ple size was also the reason for restricting the predic-
tors. Lack of analysing the impact of demographic data
such as education, profession, socioeconomic status
and working status is a clear weakness of the present
study. Unfortunately these data were not collected at
baseline, since the main focus of the study was to assess
organ pathology in MFS. Knowledge of the influence
of such factors on HRQoL in a lifetime perspective is
needed to provide personalized treatment and follow-
up programs. However, due to the low prevalence of
MES multinational studies or registers on much larger
cohorts would be needed to obtain such information.
One may also discuss whether SF-36 captures the most
relevant aspects of life in MFS patients. Living with a
chronic and potentially mortal condition may induce
a response shift in values compared to the general
population. Possibly, education, employment and par-
ticipation in prioritized life areas may represent more
relevant aspects.

Conclusions

This adult MES cohort has lower scores in all the domains
of the SF-36 compared to the reference population, with
a significant decline of HRQoL in the physical domain
after 10 years. HRQoL in the mental domain seems to be
stable over a 10-year period and gender and development
of new organ pathology, including cardiovascular mani-
festations, does not seem to affect HRQoL. Knowledge
of decline in physical HRQoL, not related to organ affec-
tions, may be important in the follow-up of MFS patients.

Abbreviations

FBNT: Fibrillin-1 gene; HCTD: Hereditary connective tissue disorders; HRQoL:
Health-related quality of life; MCS: The mental component summary; MCID:
Minimum clinically important difference; MFS: Marfan syndrome; PCS: The
physical component summary; SF-36: Short Form-36 health survey.

Acknowledgements

We want to express our thanks to Kai Andersen (Dept. of Cardiothoracic
Surgery, Oslo University Hospital (OUH)), Benedicte Paus (Dept. of Medical
Genetics, OUH), Rigmor Lundby, Tordis Boker, Hans-Jargen Smith (Dept. of
Radiology and Nuclear Medicine, OUH), Finn Lilleds and Curato Rentgen (now
Aleris Rgntgen), Liv Drolsum, Gunhild Falleth Sandvik, Symira Cholidis and
Marit Seethre (Dept. of Ophthalmology) for their investigations related to the
MFS diagnosis in this study and thanks to Johan Stanghelle for his support.

Page 7 of 8

Authors’ contributions

SRH has contributed to the conception and design of this study. TTV
conducted the data collection. CR, CB and TTV contributed with analyses

and interpretation of the data. TTV, SRH, CB, ORG and CR, all participated in
drafting of the manuscript and revising it critically for important intellectual
content; final approval of the version to be published and agreed to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated
and resolved. All authors read and approved the final manuscript.

Funding

This study has been funded by TRS, National Resource Centre for Rare Disor-
ders, Sunnaas Rehabilitation Hospital, Nesoddtangen; Roy Magnus Lakens
Foundation for Medical Imaging.

Availability of data and materials
The dataset used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Regional Committees for Medical Research
Ethics, South East, Norway (#2013/2109). Written informed consent was
received from all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details

! Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo,
Norway. ? Department of Cardiothoracic Surgery, Oslo University Hospital
(OUH), Oslo, Norway. > TRS National Resource Centre for Rare Disorders,
Sunnaas Rehabilitation Hospital, Nesoddtangen, Norway. 4 Oslo Centre for Bio-
statistics & Epidemiology, Oslo, Norway. > Department of Physical Medicine
and Rehabilitation, OUH, Oslo, Norway.

Received: 4 December 2019 Accepted: 26 November 2020
Published online: 01 December 2020

References

1. Fuchs J. Marfan syndrome and other systemic disorders with congenital
ectopia lentis. A Danish national survey. Acta Paediatr. 1997;86(9):947-52.

2. Chiu HH, Wu MH, Chen HC, Kao FY, Huang SK. Epidemiological profile
of Marfan syndrome in a general population: a national database study.
Mayo Clin Proc. 2014;89(1):34-42.

3. Groth KA, Hove H, Kyhl K, Folkestad L, Gaustadnes M, Vejlstrup N, et al.
Prevalence, incidence, and age at diagnosis in Marfan Syndrome.
Orphanet J Rare Dis. 2015;10:153.

4. Detaint D, Faivre L, Collod-Beroud G, Child AH, Loeys BL, Binquet C, et al.

Cardiovascular manifestations in men and women carrying a FBNT muta-

tion. Eur Heart J. 2010;31(18):2223-9.

Judge DP, Dietz HC. Marfan's syndrome. Lancet. 2005;366(9501):1965-76.

6. Vanem TT, Boker T, Sandvik GF, Kirkhus E, Smith HJ, Andersen K, et al.
Marfan syndrome: evolving organ manifestations—a 10-year follow-up
study. Am J Med Genet A. 2020;182(2):397-408.

7. Silverman DI, Burton KJ, Gray J, Bosner MS, Kouchoukos NT, Roman
MJ, et al. Life expectancy in the Marfan syndrome. Am J Cardiol.
1995;75(2):157-60.

8. VanemTT, Geiran OR, Krohg-Sorensen K, Roe C, Paus B, Rand-Hendriksen
S. Survival, causes of death, and cardiovascular events in patients with
Marfan syndrome. Mol Genet Genom Med. 2018;6(1114):1123.

9. DeBie S, De Paepe A, Delvaux |, Davies S, Hennekam RC. Marfan syn-
drome in Europe. Commun Genet. 2004;7(4):216-25.

10. Velvin G, Wilhelmsen JE, Johansen H, Bathen T, Geirdal AO. Systematic
review of quality of life in persons with hereditary thoracic aortic aneu-
rysm and dissection diagnoses. Clin Genet. 2019,95:661-76.

bl



Vanem et al. Health Qual Life Outcomes (2020) 18:376

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

. Nielsen C, Ratiu |, Esfandiarei M, Chen A, Selamet Tierney ES. A review of

psychosocial factors of marfan syndrome: adolescents, adults, families,
and providers. J Pediatr Genet. 2019;8(3):109-22.

Verbraecken J, Declerck A, Van de Heyning P, De Backer W, Wouters EF.
Evaluation for sleep apnea in patients with Ehlers-Danlos syndrome and
Marfan: a questionnaire study. Clin Genet. 2001;60(5):360-5.

Peters KF, Kong F, Hanslo M, Biesecker BB. Living with Marfan syndrome III.
Quiality of life and reproductive planning. Clin Genet. 2002;62(2):110-20.
Foran JR, Pyeritz RE, Dietz HC, Sponseller PD. Characterization of the
symptoms associated with dural ectasia in the Marfan patient. Am J Med
Genet A. 2005;134a(1):58-65.

Fusar-Poli P, Klersy C, Stramesi F, Callegari A, Arbustini E, Politi P
Determinants of quality of life in Marfan syndrome. Psychosomatics.
2008;49(3):243-8.

Rand-Hendriksen S, Johansen H, Semb SO, Geiran O, Stanghelle JK, Finset
A. Health-related quality of life in Marfan syndrome: a cross-sectional
study of Short Form 36 in 84 adults with a verified diagnosis. Genet Med.
2010;12(8):517-24.

Schoormans D, Radonic T, de Witte P, Groenink M, Azim D, Lutter R, et al.
Mental quality of life is related to a cytokine genetic pathway. PLoS ONE.
2012;7(9):e45126.

Ghanta RK, Green SY, Price MD, Arredondo CC, Wainwright D, Preventza O,
et al. Midterm survival and quality of life after extent Il thoracoabdominal
aortic repair in marfan syndrome. Ann Thorac Surg. 2016;101(4):1402-9
discussion 9.

Rao SS, Venuti KD, Dietz HC 3rd, Sponseller PD. Quantifying health status
and function in Marfan syndrome. J Surg Orthop Adv. 2016;25(1):34-40.
Ratiu |, Virden TB, Baylow H, Flint M, Esfandiarei M. Executive function
and quality of life in individuals with Marfan syndrome. Qual Life Res.
2018,;27(8):2057-65.

Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health

survey (SF-36). . Conceptual framework and item selection. Med Care.
1992;30(6):473-83.

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220-33.

Ferrans CE, Powers MJ. Psychometric assessment of the Quality of Life
Index. Res Nurs Health. 1992;15(1):29-38.

Hunt SM, McEwen J. The development of a subjective health indicator.
Sociol Health Ilin. 1980;2(3):231-46.

BathenT, Velvin G, Rand-Hendriksen S, Robinson HS. Fatigue in adults
with Marfan syndrome, occurrence and associations to pain and other
factors. Am J Med Genet A. 2014;164a(8):1931-9.

Goldfinger JZ, Preiss LR, Devereux RB, Roman MJ, Hendershot TP, Kroner
BL, et al. Marfan syndrome and quality of life in the GenTAC registry. J Am
Coll Cardiol. 2017;69(23):2821-30.

Moon JR, Cho YA, Huh J, Kang IS, Kim DK. Structural equation modeling
of the quality of life for patients with marfan syndrome. Health Qual Life
Outcomes. 2016;14:83.

Peters KF, Kong F, Horne R, Francomano CA, Biesecker BB. Living

with Marfan syndrome I. Perceptions of the condition. Clin Genet.
2001,60(4):273-82.

Speed TJ, Mathur VA, Hand M, Christensen B, Sponseller PD, Williams KA,
et al. Characterization of pain, disability, and psychological burden in
Marfan syndrome. Am J Med Genet A. 2017;173(2):315-23.
Benninghoven D, Hamann D, von Kodolitsch Y, Rybczynski M, Lech-
inger J, Schroeder F, et al. Inpatient rehabilitation for adult patients with
Marfan syndrome: an observational pilot study. Orphanet J Rare Dis.
2017;12(1):127.

Rand-Hendriksen S, Lundby R, Tjeldhorn L, Andersen K, Offstad J, Semb
SO, et al. Prevalence data on all Ghent features in a cross-sectional

Page 8 of 8

study of 87 adults with proven Marfan syndrome. Eur J Hum Genet.
2009;17(10):1222-30.

32. De Paepe A, Devereux RB, Dietz HC, Hennekam RC, Pyeritz RE. Revised
diagnostic criteria for the Marfan syndrome. Am J Med Genet.
1996,62(4):417-26.

33. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-item Short-
Form Health Survey (SF-36): Ill. Tests of data quality, scaling assumptions,
and reliability across diverse patient groups. Med Care. 1994;32(1):40-66.

34. Ware JE Jr. SF-36 health survey update. Spine (Phila Pa 1976).
2000;25(24):3130-9.

35. Badhiwala JH, Witiw CD, Nassiri F, Akbar MA, Jaja B, Wilson JR, et al. Mini-
mum clinically important difference in sf-36 scores for use in degenera-
tive cervical myelopathy. Spine (Phila Pa 1976). 2018;43(21):E1260-6.

36. Witt S, Krauss E, Barbero MAN, Muller V, Bonniaud P, Vancheri C, et al.
Psychometric properties and minimal important differences of SF-36 in
Idiopathic Pulmonary Fibrosis. Respir Res. 2019;20(1):47.

37. Kirkwood B, Sterne J. Essential medical statistics. 2nd ed. New York: Wiley;
2003.

38. Jacobsen EL, Bye A, Aass N, Fossa SD, Grotmol KS, Kaasa S, et al. Norwe-
gian reference values for the Short-Form Health Survey 36: development
over time. Qual Life Res. 2018a;27(5):1201-12.

39. Jacobsen EL, Bye A, Aass N, Fossa SD, Grotmol KS, Kaasa S, et al. Correc-
tion to: Norwegian reference values for the Short-Form Health Survey 36:
development over time. Qual Life Res. 2018b;27(5):1213-5.

40. Huber A, Oldridge N, Hofer S. International SF-36 reference values in
patients with ischemic heart disease. Qual Life Res. 2016;25(11):2787-98.

41. Song HK, Kindem M, Bavaria JE, Dietz HC, Milewicz DM, Devereux RB,
et al. Long-term implications of emergency versus elective proximal aor-
tic surgery in patients with Marfan syndrome in the Genetically Triggered
Thoracic Aortic Aneurysms and Cardiovascular Conditions Consortium
Registry. J Thorac Cardiovasc Surg. 2012;143(2):282-6.

42. Garratt AM, Stavem K. Measurement properties and normative data for
the Norwegian SF-36: results from a general population survey. Health
Quial Life Outcomes. 2017;15(1):51.

43. Velvin G, Bathen T, Rand-Hendriksen S, Geirdal AQ. Satisfaction with life
in adults with Marfan syndrome (MFS): associations with health-related
consequences of MFS, pain, fatigue, and demographic factors. Qual Life
Res. 2016;25(7):1779-90.

44. Benke K, Agg B, Polos M, Sayour AA, Radovits T, Bartha E, et al. The effects
of acute and elective cardiac surgery on the anxiety traits of patients with
Marfan syndrome. BMC Psych. 2017;17(1):253.

45. Stanisic MG, Rzepa T, Gawronska A, Kubaszewski P, Putowski M, Stefaniak
S, et al. Personal resources and satisfaction with life in Marfan syndrome
patients with aortic pathology and in abdominal aortic aneurysm
patients. Pol J Cardio-thorac Surg. 2018;15(1):27-30.

46. Mueller GC, Steiner K, Wild JM, Stark V, Kozlik-Feldmann R, Mir TS.
Health-related quality of life is unimpaired in children and adolescents
with Marfan syndrome despite its distinctive phenotype. Acta Paediatr.
2016;105(3):311-6.

47. Handisides JC, Hollenbeck-Pringle D, Uzark K, Trachtenberg FL, Pember-
ton VL, Atz TW, et al. Health-related quality of life in children and young
adults with marfan syndrome. J Pediatr. 2018;204:250-5.

48. Jm H.The abuse of power: the pervasive fallacy of power calculations for
data analysis. Am Stat. 2001;55(1):19-24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Health-related quality of life in Marfan syndrome: a 10-year follow-up
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Analysis and statistics

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


