






investigation. In 66 unrelated index cases, we extended
molecular characterisation to parents and/or other rela-
tives and found that 26 probands were familial (39.4%)
and 40 probands were de novo (60.6%). We also estab-
lished the parental origin of de novo rearrangements in
31 cases and found that 48.4% were from the father and
52.6% were from the mother. Parental age at conception
ranged from 18 to 43 years (maternal mean age at con-
ception: 28.1±5.1 years; paternal mean age at concep-
tion: 31.3±5.3). In neither de novo cases nor in familial
cases did we observe any correlation between the detec-
tion of a de novo D4Z4 rearrangement at 4q with the
parent’s age at conception.
Our analysis shows that the percentage of de novo

cases in our cohort is higher (60.6%) than that previ-
ously described in the whole FSHD1 population
(10–30%).9 10 33–37 However, when we considered the
246 probands with 4–8 DRA we found that only 14 cases
carried a de novo DRA (5.7%). Therefore, the overall
percentage of de novo cases (17.3%) observed in the
Italian cohort of 312 FSHD1 probands does not differ
from published records. Instead, our analysis shows a
skewed percentage of carriers of de novo rearrangement
in the cohort of 1–3 DRA carriers, rather than in the
cohort of 4–8 DRA carriers.

FSHD onset before 10 years of age is more prevalent
among de novo carriers
Several studies suggest that carriers of 1–3 DRA develop
a severe form of disease. In particular, the age at onset
has been considered the clinical feature discriminating
different FSHD phenotypic entities,21 and has been used
as a prognostic parameter for defining phenotype sever-
ity.31 In a previous study, we found that FSHD occurs
earlier in families in which 1–3 DRA segregate.6 In the
present study, we extended our analysis to all probands
carrying 1–3 DRA, subdivided in two groups, de novo

and familial. Table 1A shows that the mean age at onset
observed among de novo probands appears significantly
earlier than in familial.
To verify the prevalence of infantile onset, we then sub-

divided these two groups of patients on the basis of the
age at onset, before 10 years and after 10 years of age
(table 1B). In 54.5% of index cases carrying 1–3 DRA,
the disease onset was in the first decade of life. A higher
percentage of these cases with infantile onset reported
facial weakness as the most common sign of disease
(76.5%), while shoulder girdle weakness at onset resulted
most commonly (69%) among patients developing FSHD
after 10 years of age. Notably, the majority of patients
with early disease onset were de novo. In contrast, the
majority of patients with disease onset after 10 years of
age were familial. We then estimated the age-specific
cumulative motor impairment incidence (see online sup-
plementary figure S3A), with the corresponding 95% CI
in the two cohorts of de novo and familial probands by
Kaplan-Meier survival analysis. For each individual, we
assessed the interval of time from birth to the earliest age
at onset of motor impairment. Supplementary figure S3A
shows that, among participants carrying a de novo 1–3
DRA, the risk of developing motor impairment is 65% by
age 10 years, 88% by age 15 years and 98% by age
20 years. Among participants carrying a familial 1–3 DRA
the risk is 38% by age 10 years, 77% by age 15 years and
88% by age 20 years. Therefore the risk of developing
FSHD before 10 years of age is significantly higher in par-
ticipants carrying a de novo 1–3 DRA.
In our previous work6 on the large cohort of FSHD1

families, we showed that the risk of developing motor
impairment is higher in male probands/relatives during
adulthood (18–55 years), and is similar between males
and females in childhood-teens and in the elderly. In
this cohort of patients carrying 1–3 DRA, the cumulative
risk of motor impairment according to sex did not show

Table 1 Age at onset among de novo and familial index cases carrying 1–3 DRA

(A)

Mean age at onset

1–3 DRA index cases Number of participants Years SD p Value*

De novo 40 8.1 6.0

Familial 26 13.1 10.1 0.020

Total 66

(B)

Age at onset

0–10 years >10 years

1–3 DRA

index cases

Number of

participants

Number of

participants Per cent

Number of

participants Per cent p Value†

De novo 40 26 65.5 14 35.5

Familial 26 10 38.5 16 61.5 0.045

Total 66 36 30

*Wilcoxon rank-sum test p value.
†� 2 Test p value.
DRA, D4Z4 reduced allele.
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significant difference among males and females (log
rank test p value=0.305). We hypothesise that the
absence of gender difference is due to the fact that, in
this group, the disease onset occurs, on average, before
patients reach 20 years of age.

Infantile onset does not always predict a very severe
clinical outcome
It has been reported that extremely short 4q35 alleles
(1–3 D4Z4 units) are associated with more severe forms
of FSHD.5 6 8 11 Considering the earlier average onset in
de novo cases compared to familial 1–3 DRA carriers, we
tested whether de novo index cases present a more
severe disease expression, comparing the degrees of
motor disability indicated by the FSHD score.29

Statistical evaluation failed to detect any significant dif-
ference in the mean FSHD score adjusted by age and
sex between the two groups (10.6 in de novo index cases
vs 9.5 in familial index cases; 95% CI, respectively, (8.0
to 11.3), (9.3 to 12.0); Wald test p value=0.280).
We then calculated the age-specific relative risk of loss

of independent walking ability in de novo familial index
cases, using Kaplan-Meier statistics. This analysis did not
detect a statistically significant difference between the
two groups (see online supplementary figure S3B),
although the percentage of wheelchair-bound patients
under 40 years of age is higher in de novo index cases
(70%) versus familial index cases (35%). Finally, com-
parison of the severity of disease expression between
index cases (both de novo and familial) with early age at
onset (0–10 years; age and sex adjusted mean FSHD
score=11.4) versus probands with age at onset over
10 years (age and sex adjusted mean FSHD score=9.5)
failed to detect statistically significant more severe FSHD
disease in probands with infantile onset (Wald test p
value=0.064). Overall, the lack of significant differences
in each of these three comparisons argues against the
idea that early FSHD onset is necessarily associated with
a more disabling outcome.

Relatives carrying 1–3 DRA are not always severely
affected
In eight families, we were able to extend molecular ana-
lysis to three generations, and found that the molecular
defect appeared de novo and was transmitted to off-
spring in six members. Three carriers of de novo muta-
tion were probands, whereas three other carriers were
discovered because of the appearance of FSHD in one
child. Importantly, two of them were unaffected (see
online supplementary figure S4) at the time of examin-
ation (41 and 45 years, respectively) and one suffered
from a mild form of disease (FSHD score 3 at 38 years
of age). These observations indicate that the presence of
a de novo 1–3 DRA does not always associate with a
severe phenotype.
We compared the age at disease onset detected in the

group of familial probands with that recorded in the
group of 33 relatives carrying a DRA. This comparison
displayed that affected relatives had significantly later
onset of FSHD than the probands (table 2A).
We also compared the degree of motor impairment,

recorded as FSHD score, detected in the two groups.
The age and sex adjusted mean FSHD score received by
relatives was significantly lower than that recorded in the
probands (4.7 vs 9.5; Wald test p value <0.0001).
Notably, four relatives (12.1%), respectively aged 33,
42, 47 and 50 years, presented no muscle weakness
(table 2B). Overall, similarly to what we observed among
carriers of 4–8 DRA,6 we found a reduced severity of
clinical expression also in the group of relatives carrying
very short D4Z4 allele in comparison with probands,
including participants with no signs of disease after the
age of 40 years.

Carriers of 1–3 DRA did not show signs of prenatal and
neonatal FSHD onset
To systematically obtain information about the perinatal
period and the appearance of the first signs and/or
symptoms of disease, we designed the IAQ (see online

Table 2 Age at onset in familial index cases and their relatives carrying 1–3 DRA

(A)

Mean age at onset

1–3 DRA carriers Number of participants Years SD p Value*

Probands 26 13.1 10.1

Relatives 29 17.1 14.2 0.019

Total 55

(B)

Age at onset

0–10 years >10 years Unaffected

1–3 DRA index

cases

Number of

participants

Number of

participants Per cent

Number of

participants Per cent

Number of

participants Per cent

Probands 26 12 38.5 14 61.5 0 0.0

Relatives 33 13 39.4 16 48.5 4 12.1

*Wilcoxon rank-sum test p value.
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supplementary figure S1). We gathered anamnestic data
about pregnancy, delivery and birth from all participants
who were able to respond to this questionnaire. We
interviewed 80 cases carrying 1–3 DRA (figure 2).
Figure 2 shows that no significant alterations in preg-
nancy, delivery and birth were reported. There was no
report of any floppy infant at birth. In 72 of 80 partici-
pants (90%), psychomotor development milestones were
reached appropriately.
This analysis shows that children carrying 1–3 DRA do

not display signs of muscle weakness prenatally or at
birth. Moreover, signs that can possibly be attributed to
early onset of muscle weakness are reported only in a
small percentage of participants. Therefore we conclude
that very early onset is not a frequent feature of FSHD.

Carriers of 1–3 DRA with extra-muscular clinical
conditions
In some reports, severe FSHD is associated with extra-
muscular features such as sensorineural deafness, Coats’
retinopathy, epilepsy and mental retardation. We
assessed the frequency of additional clinical conditions
in the cohort of 61 index cases carrying 1–3 DRA, sum-
marised in figure 3.
Thirteen participants suffered from sensorineural

deafness (21.3%). In eight cases, it was isolated, with no
other recognisable medical condition, and in five cases
we detected additional extra-muscular manifestations.
In four cases, we observed Coats’ retinopathy (6.6%).

In one it was found as an isolated condition, whereas in
three other cases it was associated with sensorineural
deafness or cognitive impairment. Cognitive impairment
was reported in six cases (9.8%), and two of these also
suffered from epilepsy. All cases with mental retardation
showed a very severe form of disease.
We also investigated the presence of restrictive respira-

tory disease requiring intervention, previously described
in about 1% of patients with FSHD1, typically in patients

with severe muscle weakness.3 In our cohort of 61 index
cases with 1–3 DRA, we identified 7 cases (11.5%) with
respiratory insufficiency requiring non-invasive ventila-
tion (NIV). Two of these showed a complex phenotype
with additional extra-muscular manifestations (figure 3),
while all the others suffered from a disabling form of
disease and required use of NIV since the ages of 22, 29,
30, 42 and 53 years, respectively.

DISCUSSION
Since molecular analysis of the D4Z4 region was intro-
duced to study FSHD, it has been suggested that very
severe forms of disease are associated with a very short
DRA.5 6 8 11 This notion has supported the idea that a
rough inverse correlation exists between the size of
D4Z4 allele and disease severity. Moreover, it has been
long debated whether ‘infantile FSHD’ might exist as a
distinct nosological entity, characterised by specific pecu-
liarities that distinguish it from classical FSHD with onset
in the second decade of life.21 22 ‘Infantile FSHD’ has
been defined by childhood onset and severe muscle
impairment, associated with high-frequency hearing loss,
retinal vascular abnormalities, mental retardation and
epilepsy.14 15 18 20 By revising the literature, as sum-
marised in figure 4, we found that not all severe cases
had an infantile onset, and not all carried a very
reduced size D4Z4 allele. However, the different designs
used in each of these previous studies prevented the pos-
sibility of pooling various observations to obtain a com-
plete or more defined picture of clinical features of
participants carrying ‘very short’ D4Z4 allele.
Here, the large number of index cases carrying DRA

with 1–3 units accrued through the INRF allowed us to
obtain more precise information about this group of
patients. In particular, we aimed at verifying whether
perinatal onset of FSHD exists and whether presence of
a 1–3 DRA is always predictive of a severe phenotype
associated with infantile onset. In addition, we searched

Figure 2 Infantile anamnestic

records of 80 carriers of 1–3

D4Z4 reduced alleles (DRA) (NA,

not applicable).
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this cohort of patients for the presence of additional
clinical conditions determining complex phenotypes.
First, our analyses showed that the majority of 1–3

DRA carriers (60.6%) are de novo. These data,
together with the observation that 1–3 DRAs have
never been detected in the normal population,28

support the notion that the D4Z4 repeat array is
highly recombinogenic and therefore prone to a high
mutation rate.35 37

Second, the majority (72.2%) of cases presenting
disease onset before 10 years of age are isolated and
carry a de novo rearranged DRA; in contrast, the
majority (53.3%) of familial FSHD1 cases develop
around the second decade of life (table 1B). However,
we did not find a statistically significant difference in
disease outcome between de novo and familial pro-
bands, even though there is a trend towards a more
severe progression among de novo cases (age and sex
adjusted mean FSHD score in de novo vs familial pro-
bands, is 10.6 vs 9.5). We confirm a more severe
phenotype in index cases carrying 1–3 DRA in com-
parison with participants carrying longer alleles (4–10

DRA).6 38 Our data also confirmed that, among index
cases with infantile onset, the majority (76.5%)
reported facial weakness as the first sign of disease,
presenting difficulty in closing eyes and puffing cheeks,
or progressive facial hypomimia. In three participants,
we collected anamnestic records of abnormalities in
pronouncing some phonemes at the age of 3–4 years,
and interpreted these difficulties as possibly due to the
onset of facial muscle weakness. Two cases were initially
misdiagnosed as affected by Moebius syndrome, most
likely because of the very early onset of severe facial
muscle weakness. Instead index cases with FSHD onset
after 10 years reported shoulder girdle weakness as the
most common first sign of the disease, according to
the previous reports.6 39 40

Third, even when signs or symptoms of muscle weak-
ness are detected within the first year of life, the long-
term disease outcome does not differ from cases with
later onset.
Fourth, the use of the IAQ confirmed that pre- and

perinatal onset is not present in the group of 1–3 DRA
carriers.

Figure 3 Clinical features of 1–3 D4Z4 reduced alleles (DRA) carriers with extra-muscular comorbidities (FSHD,

facioscapulohumeral muscular dystrophy; M, male; F, female).
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Fifth, among the 33 relatives carrying 1–3 D4Z4 alleles,
4 (12.1%) were unaffected, confirming the incomplete
penetrance also in the cohort of participants carrying
shorter DRA.6 Moreover, relatives displayed a milder
phenotype than family proband, supporting the notion
that in this subgroup of patients, the genetic background
also plays a role in modulating the disease expression.6

Finally, in contrast with the previous reports,11–19 our
investigations demonstrated that only seven cases
(11.5%; 5 de novo and 2 familial) displayed extra-
muscular comorbidities (Coats’ retinopathy, sensori-
neural deafness, mental retardation, epilepsy) in various
combinations (figure 4). We thus conclude that extra-
muscular clinical features are not part of a specific noso-
logical entity associated with 1–3 DRA.
In summary, our study shows that a high variability of

FSHD clinical expression is also present among partici-
pants carrying 1–3 DRA, with some healthy relatives car-
rying the same DRA as the affected ones. The
observation that the majority of 1–3 DRA cases carry ‘de
novo’ rearrangements, confirms the high frequency of
recombination events within the D4Z4 region.
Importantly, our comparisons of probands and relatives
disclose that the presence of a de novo 1–3 DRA is not
always associated with a disease phenotype, and empha-
sises the possibility that a more disabling phenotype
might have a negative influence on reproductive fitness.

Accordingly, in our cohort de novo rearrangements in
unaffected individuals or in patients displaying mild phe-
notypes had normal reproductive fitness with transmis-
sion of the DRA to the offspring.
Our analysis, conducted on the largest cohort of 1–3

DRA carriers to date, shows that 1–3 DRAs are not
always predictive of infantile onset or severe disease
outcome. Importantly, the finding that only 27.9% of
1–3 DRA carriers present extra-muscular clinical condi-
tions supports the notion that additional defects contrib-
ute to a more complex clinical phenotype.
Overall, our study indicated that an important future

goal of FSHD clinical research is the selection of
patients with homogeneous clinical features, regardless
of the size of D4Z4 alleles, to provide the appropriate
background for molecular studies aimed at dissecting
the complex pathogenesis of this disease.
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17. Dorobek M, Kabzińska D. A severe case of facioscapulohumeral
muscular dystrophy (FSHD) with some uncommon clinical features
and a short 4q35 fragment. Eur J Paediatr Neurol 2004;8:313–16.

18. Trevisan CP, Pastorello E, Tomelleri G, et al. Facioscapulohumeral
muscular dystrophy: hearing loss and other atypical features of
patients with large 4q35 deletions. Eur J Neurol 2008;15:1353–8.

19. Grosso S, Mostardini R, Di Bartolo RM, et al. Epilepsy, speech
delay, and mental retardation in facioscapulohumeral muscular
dystrophy. Eur J Paediatr Neurol 2011;15:456–60.

20. Wang CH, Leung M, Liang WC, et al. Correlation between muscle
involvement, phenotype and D4Z4 fragment size in
facioscapulohumeral muscular dystrophy. Neuromuscul Disord
2012;22:331–8.

21. Brouwer OF, Padberg GW, Wijmenga C, et al. Facioscapulohumeral
muscular dystrophy in early childhood. Arch Neurol 1994;51:387–94.

22. Brouwer OF, Padberg GW, Bakker E, et al. Early onset
facioscapulohumeral muscular dystrophy. Muscle Nerve Suppl
1995;2:S67–72.

23. Sakellariou P, Kekou K, Fryssira H, et al. Mutation spectrum and
phenotypic manifestation in FSHD Greek patients. Neuromuscul
Disord 2012;22:339–49.

24. Chen TH, Lai YH, Lee PL, et al. Infantile facioscapulohumeral
muscular dystrophy revisited: expansion of clinical phenotypes in
patients with a very short EcoRI fragment. Neuromuscul Disord
2013;23:298–305.

25. Dorobek M, van der Maarel SM, Lemmers RJ, et al. Early-onset
facioscapulohumeral muscular dystrophy type 1 with some atypical
features. J Child Neurol 2015;30:580–7.

26. Tonini MM, Passos-Bueno MR, Cerqueira A, et al. Asymptomatic
carriers and gender differences in facioscapulohumeral muscular
dystrophy (FSHD). Neuromuscul Disord 2004;14:33–8.

Nikolic A, et al. BMJ Open 2016;6:e007798. doi:10.1136/bmjopen-2015-007798 9

Open Access

group.bmj.com on March 19, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1111/j.1399-0004.2009.01158.x
http://dx.doi.org/10.1136/jmg.26.12.755
http://dx.doi.org/10.1016/j.nmd.2010.04.007
http://dx.doi.org/10.1136/jmg.28.10.655
http://dx.doi.org/10.1002/1531-8249(199906)45:6<751::AID-ANA9>3.0.CO;2-M
http://dx.doi.org/10.1093/brain/awt226
http://dx.doi.org/10.1093/hmg/4.5.951
http://dx.doi.org/10.1093/hmg/4.5.951
http://dx.doi.org/10.1002/ana.410390610
http://dx.doi.org/10.1002/(SICI)1096-8628(19980501)77:2<155::AID-AJMG9>3.0.CO;2-R
http://dx.doi.org/10.1136/adc.71.3.221
http://dx.doi.org/10.1016/S0387-7604(97)00083-1
http://dx.doi.org/10.1016/S0387-7604(97)00083-1
http://dx.doi.org/10.2169/internalmedicine.36.333
http://dx.doi.org/10.1055/s-2007-973568
http://dx.doi.org/10.1212/WNL.50.6.1791
http://dx.doi.org/10.1016/j.ejpn.2004.08.004
http://dx.doi.org/10.1111/j.1468-1331.2008.02314.x
http://dx.doi.org/10.1016/j.ejpn.2011.04.003
http://dx.doi.org/10.1016/j.nmd.2011.10.018
http://dx.doi.org/10.1001/archneur.1994.00540160085011
http://dx.doi.org/10.1002/mus.880181313
http://dx.doi.org/10.1016/j.nmd.2011.11.001
http://dx.doi.org/10.1016/j.nmd.2011.11.001
http://dx.doi.org/10.1016/j.nmd.2013.01.005
http://dx.doi.org/10.1177/0883073814528281
http://dx.doi.org/10.1016/j.nmd.2003.07.001
http://bmjopen.bmj.com/
http://group.bmj.com


27. Yamanaka G, Goto K, Ishihara T, et al. FSHD-like patients without
4q35 deletion. J Neurol Sci 2004;219:89–93.

28. Scionti I, Greco F, Ricci G, et al. Large-scale population analysis
challenges the current criteria for the molecular diagnosis of
fascioscapulohumeral muscular dystrophy. Am J Hum Genet
2012;90:628–35.

29. Lamperti C, Fabbri G, Vercelli L, et al. A standardized clinical
evaluation of patients affected by facioscapulohumeral muscular
dystrophy: the FSHD disability score. Muscle Nerve 2010;42:213–17.

30. Padberg GW, Lunt PW, Koch M, et al. Diagnostic criteria for
facioscapulohumeral muscular dystrophy. Neuromuscul Disord
1991;1:231–4.

31. Lunt PW, Jardine PE, Koch M, et al. Phenotypic-genotypic
correlation will assist genetic counseling in 4q35-facioscapulohumeral
muscular dystrophy. Muscle Nerve 1995;2:S103–9.

32. Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457–81.

33. Flanigan KM. Facioscapulohumeral muscular dystrophy and
scapulohumeral syndrome. In: Engel AG, Franzini-Armstrong C, eds.
Myology. New York: McGraw-Hill, 2004:123–34.

34. Padberg GW, Frants RR, Brouwer OF, et al. Facioscapulohumeral
muscular dystrophy in the Dutch population. Muscle Nerve Suppl
1995;2:S81–4.

35. Zatz M, Marie SK, Passos-Bueno MR, et al. High proportion of new
mutations and possible anticipation in Brazilian
facioscapulohumeral muscular dystrophy families. Am J Hum
Genet 1995;56:99–105.

36. Lunt PW. 44th ENMC International Workshop:
Facioscapulohumeral Muscular Dystrophy: Molecular Studies
19–21 July 1996, Naarden, The Netherlands. Neuromuscul
Disord 1998;8:126–30.

37. van der Maarel SM, Deidda G, Lemmers RJ, et al. De novo
facioscapulohumeral muscular dystrophy: frequent
somatic mosaicism, sex-dependent phenotype, and the role of
mitotic transchromosomal repeat interaction between
chromosomes 4 and 10. Am J Hum Genet 2000;
66:26–35.

38. Salort-Campana E, Nguyen K, Bernard R, et al. Low penetrance in
facioscapulohumeral muscular dystrophy type 1 with large
pathological D4Z4 alleles: a cross-sectional multicenter study.
Orphanet J Rare Dis 2015;10:2.

39. Tawil R, Van Der Maarel SM. Facioscapulohumeral muscular
dystrophy. Muscle Nerve 2006;34:1–15.

40. Pastorello E, Cao M, Trevisan CP. Atypical onset in a series of 122
cases with facioscapulohumeral muscular dystrophy. Clin Neurol
Neurosurg 2012;114:230–4.

10 Nikolic A, et al. BMJ Open 2016;6:e007798. doi:10.1136/bmjopen-2015-007798

Open Access

group.bmj.com on March 19, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://dx.doi.org/10.1016/j.jns.2003.12.010
http://dx.doi.org/10.1016/j.ajhg.2012.02.019
http://dx.doi.org/10.1002/mus.21671
http://dx.doi.org/10.1016/0960-8966(91)90094-9
http://dx.doi.org/10.1002/mus.880181319
http://dx.doi.org/10.1080/01621459.1958.10501452
http://dx.doi.org/10.1002/mus.880181315
http://dx.doi.org/10.1016/S0960-8966(98)00012-1
http://dx.doi.org/10.1016/S0960-8966(98)00012-1
http://dx.doi.org/10.1086/302730
http://dx.doi.org/10.1186/s13023-014-0218-1
http://dx.doi.org/10.1002/mus.20522
http://dx.doi.org/10.1016/j.clineuro.2011.10.022
http://dx.doi.org/10.1016/j.clineuro.2011.10.022
http://bmjopen.bmj.com/
http://group.bmj.com


Italian National Registry
reduced alleles: experience of the FSHD 

3 D4Z4−muscular dystrophy in carriers of 1
 Clinical expression of facioscapulohumeral

Angela Berardinelli and Rossella Tupler
Rodolico, Giuliano Tomelleri, Maria Grazia D'Angelo, Claudio Bruno,
Morandi, Elena Pegoraro, Corrado Angelini, Antonio Di Muzio, Carmelo 
Antonini, Lucio Santoro, Tiziana Mongini, Maurizio Moggio, Lucia
Michelangelo Cao, Maria Chiara D'Amico, Gabriele Siciliano, Giovanni 
Ravaglia, Giacomo Brisca, Chiara Fiorillo, Luisa Villa, Lorenzo Maggi,
Fabiano Mele, Marta Rossi, Lucia Ruggiero, Liliana Vercelli, Sabrina 
Ana Nikolic, Giulia Ricci, Francesco Sera, Elisabetta Bucci, Monica Govi,

doi: 10.1136/bmjopen-2015-007798
2016 6: BMJ Open

 http://bmjopen.bmj.com/content/6/1/e007798
Updated information and services can be found at: 

These include:

Material
Supplementary

 798.DC1
http://bmjopen.bmj.com/content/suppl/2016/01/04/bmjopen-2015-007
Supplementary material can be found at: 

References
 http://bmjopen.bmj.com/content/6/1/e007798#ref-list-1

This article cites 39 articles, 3 of which you can access for free at: 

Open Access

http://creativecommons.org/licenses/by-nc/4.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
This is an Open Access article distributed in accordance with the Creative

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (457)Neurology
 (234)Medical management

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on March 19, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/content/6/1/e007798
http://bmjopen.bmj.com/content/suppl/2016/01/04/bmjopen-2015-007798.DC1
http://bmjopen.bmj.com/content/suppl/2016/01/04/bmjopen-2015-007798.DC1
http://bmjopen.bmj.com/content/6/1/e007798#ref-list-1
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com//cgi/collection/bmj_open_medical_management
http://bmjopen.bmj.com//cgi/collection/bmj_open_neurology
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com


Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on March 19, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com

