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Objective. Standards of care and new genetic and molecular therapies have 
contributed to increasing life expectancy of patients with neuromuscular dis-
eases (NMDs). This review presents the clinical evidence for an adequate tran-
sition from pediatric to adult care in patients with NMDs considering both 
physical and psychosocial aspects and attempts at identifying a general pat-
tern of transition in the literature that can be used for all patients with NMDs. 
Method. A search was performed on PubMed, Embase and Scopus using gener-
ic terms that could be referred to the transition construct specifically related to 
NMDs. A narrative approach was used to summarise the available literature. 
Results. Our review shows that few or no studies explored the transi-
tion process from pediatric to adult care in neuromuscular diseases and 
tried to identify a general pattern of transition applicable to all NMDs. 
Conclusions. A transition process taking into consideration physical, psychologi-
cal, social needs of patient and caregiver could produce positive outcomes. Howev-
er, there is still no unanimous agreement in the literature on what it consists of and 
how to achieve an optimal and effective transition.

Key words: transition, neuromuscular disorders, psychological care, social care, 
healthcare

Glossary

Transition: complex and gradual process, planned movement of 
young patients (starting at around the ages of 12 and 14) with chronic 
physical and medical conditions from child-centered to adult-oriented 
healthcare systems. Physical, psychological and social aspects of young 
patients and their caregivers are considered. It could have positive or neg-
ative outcomes on prognosis. It is an educational process.

Transfer: changing of adolescents or young adults with chronic phys-
ical or medical conditions from pediatric to adult care (owing to an event 
or series of events).
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Transitional program: a series of multidisciplinary 
measures to prepare adolescents to take charge of their 
own situation.

Introduction
Neuromuscular disorders (NMDs) are a genetical-

ly and phenotypically heterogeneous group of diseases 
affecting the neuromuscular system, namely the ante-
rior horn cell, the peripheral nerve, the neuromuscular 
junction, or the muscle itself. NMDs as a whole are 
not infrequent, but every single one of them is a rare 
or orphan disease (prevalence < 1 per 1,500 persons in 
the U.S. and <  1 per 2,000 persons in Europe). Their 
causes can be genetic (single gene disorder, polygenic 
disorder) or nongenetic (infectious, autoimmune, auto-
inflammatory) 1,2. Clinically, the vast majority of NMDs 
are progressive, impairing motor function and often re-
ducing life expectancy as well as quality of life. Age 
of disease onset varies. Some diseases are genetically 
inherited while others manifest in childhood or have an 
adult onset. For many decades, treatment of NMDs has 
been exclusively symptomatic but in recent years new 
genetic and molecular therapies and other focused on 
pathogenic effects are available or under development, 
provide hope for mitigating secondary pathophysiolog-
ical consequences or modifying the underlying genetic 
defect 3-5. NMDs need to be treated as systematic diseas-
es due to increased life expectancy resulting from com-
prehensive standards of care involving multidisciplinary 
and coordinated care and new therapeutic methods. For 
this reason, it is possible to witness an expansion of the 
phenotypic manifestations of the disease with new or 
previously subtle organ manifestations 6.

NMDs should be approached from a multiple per-
spective. For example, spinal muscular atrophies (SMAs) 
are a group of NMDs characterized by alpha motor neu-
ron degeneration in the spinal cord, resulting in muscle 
atrophy, weakness and paralysis 7,8. Given their complex-
ity, a multidimensional approach to the management of 
SMA is required, and no aspects should be treated inde-
pendently, such as social and psychological care 8. Along 
the same line, Duchenne muscular dystrophy (DMD) –
caused by mutations in the dystrophin gene resulting in 
complete absence or low levels of dystrophin protein 9 – 
should include a focus on mental and social health. In 
this multidimensional approach, issues related to transi-
tion from pediatric to adult care cannot be overlooked, 
just because the chances of survival have increased  10. 
As reported by Goselink and colleagues  11 transition is 
the process started by physicians to prepare the child or 
young adult and their family for transfer from pediatric to 
adult care. Nonetheless, even though progress in health 

care has increased life expectancy, support at home and 
in the community has not increased 12.

Transition should be carefully planned. Inadequate-
ly planned and gross transition processes could lead to 
negative outcomes related to mortality, prognosis, psy-
chosocial and educational well-being  13,14. All transition 
processes should be tailored specifically 15.

This paper presents a review on transition from child 
to adult care to illustrate the importance of an adequate 
transition process covering all aspects of NMDs. It high-
lights the clinical evidence and discusses the psychoso-
cial implications underlying positive outcomes in the 
transition process from pediatric to adult care for patients 
with neuromuscular diseases. An attempt is made to iden-
tify a possible “standardized” protocol that could be used 
in all patients with neuromuscular conditions.

Towards a definition

Transition is “the purposeful, planned movement of 
adolescents and young adults with chronic physical and 
medical conditions from child-centered to adult-oriented 
health-care systems”  16. Several definitions of transition 
can be found in the literature. For example, Moons et col-
leagues 17 distinguish between transition, transfer or tran-
sitional care. Transition is the passage from one phase of 
a person’s life, physical condition or social role to anoth-
er. It is also characterized by different stages, milestones, 
and turning points, and can be defined through process 
and/or terminal outcomes 18. It could be considered an ed-
ucational process that should begin before children reach 
adolescence 19. Transfer is the passage from pediatric to 
adult care of an adolescent or young adult with chronic 
physical or medical conditions. Transitional care is the set 
of medical, social, psychological, educational and profes-
sional measures to prepare adolescents to take responsi-
bility for their situation.

It is a crucial process that needs to be accurately 
planned to support families in the process and health care 
providers to define an appropriate transition plan 20,21.

The two terms – transition and transfer – cannot be 
used interchangeably. As reported by Tilton 22, transition 
is an extended and complex process that begins in early 
adolescence and offers a staged and gradual assessment 
of readiness as well as resources and education. Sawicki 
et colleagues 23 developed a useful tool for assessing read-
iness of youth with special healthcare needs.

To avoid worsening health conditions and lack of 
interest in services, it is necessary to bridge the gap be-
tween services for adults and children by identifying the 
key aspects of transition programs in a multidimensional 
perspective 24. The transition process should begin quite 
early, at around the age of 12 or 14, and should aim to 
progressively increase a person’s autonomy 25-27. It does 
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not end when the adolescent moves to adult-oriented care. 
In fact, it should be considered as an opportunity to re-
think diagnosis and management. In addition, adolescents 
should undergo psychosocial screening before and after 
moving to adult-oriented care 28.

Aho and colleagues 29  highlight how transition from 
childhood to adult age is an important phase because pa-
tients start to perceive the need to understand their life 
and make their life understood by the others. In addition, 
patients need to know what coping resources are available 
and give meaning to life. Therefore, support provided by 
health care professionals for future management of their 
disease becomes important.

Transition as a process does not involve solely young 
patients but also their parents. For example, individual 
or group psychological interventions could reduce their 
anxiety and worry about their children 30 . Family involve-
ment is important for a successful transition of youth with 
disabilities 31,32.

Methods
This review specifically focuses on transition for 

young patients with NMDs. The aim is to identify a “stan-
dardized” transition protocol that can be used with all 
young patients with NMDs. Given the small number of 
papers available on transition as a unique and non-pathol-
ogy-specific construct, we opted for a narrative approach 
vs a systematic review. As reported in the literature 33,34, 
there are no recognized guidelines for narrative reviews. 
A narrative review should however have a structured gen-
eral framework (rationale, organization of collected in-
formation, definition of objectives and goals) and follow 
a methodology in literature search (database, keywords, 
inclusion and exclusion criteria, list of references used). 
It could include a systematic review methodology, but 
this is not a necessary element. It may or may not include 
comprehensive search and/or quality assessment, and 
analysis may be chronological, conceptual, thematic, etc. 
It could be a good way for identifying omission or gaps 34.

A search was performed on PubMed, EMBASE, and 
Scopus using generic terms that could refer to the transi-
tion construct for NMDs. Keywords such as Duchenne 
muscular dystrophy (DMD) or spinal muscular atrophy 
(SMA), etc. were not included because we were looking 
for broadly adaptable references to different forms of 
neuromuscular diseases. Hence, we searched for terms 
such as “transition”, “neuromuscular diseases”, “neuro-
muscular disorders”, “transition process”. Non-English 
language studies and works were excluded. Only papers 
containing the selected keywords in the title and/or ab-
stract were considered for further analysis. No chronolog-
ical criteria were applied.

Thirteen articles were selected that specifically re-
flect the aforementioned criteria. Most of them try to deal 
with and deepen both the purely physical and the psycho-
social (and sometimes ethical) aspects in the transition 
processes in NMDs. However, only a few try to identify a 
model applicable to multiple NMDs.

Supplementary Table I reports the main articles con-
taining the selected keywords in the title and/or in the ab-
stract. It shows the aims and main topics of each article. 
Moreover, through an analysis of the entire text of each 
article, they were screened according to the topic of this 
review. 

Results
Neuromuscular disorders and transition process

Interest in transition from pediatric to adult care in 
NMDs is increasing. Key aspect do not only include med-
ical care but also psychological and social aspects, and 
increased survival requires rethinking educational, social 
and psychological services. For a successful transition 
and care, integration of wider social issues, involvement 
of young patients and their families in decision-making, 
support of patient advocacy groups, and proactive care 
are not to be overlooked  35,36. To improve patient out-
comes, an extensive transition program should focus on 
the patient’s physical, psychological and social develop-
ment and not only plan physical transfer from pediatric to 
adult care 37. However, particular attention should be paid 
to the needs and requirements of a wide range of people 
with different and more or less debilitating conditions in 
order to avoid negative outcomes. Involving adolescents 
in planning transition could be a good strategy. For ex-
ample, a key aspect is independence and it should be de-
termined whether is a goal to be pursued or not 15. For a 
young patient with a progressive neuromuscular disease, 
transition could be an intense period (both from a psycho-
logical and physical perspective) in which skills could be 
lost and dependence on others increases 38. Furthermore, 
understanding the personal characteristics as well as the 
needs and aspirations of young people could help provide 
the right health care 39.

The perspectives and needs of patients with NMDs 
should not be underestimated. Young people with NMDs 
report a similar view in the different forms of diseases, 
of the transition process. Care during transition should 
be consistent and tailored to the individual’s needs  10,40; 
access to a wide range of information should be guaran-
teed. The process should be gradual and timed and should 
include peer support programs 41. Therefore, mental and 
social health is a crucial aspect of the process. 

Family members need to be involved in planning. 
This allows professionals to make choices in line with 
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their needs and values, involve them in decision-making 
and provide adequate information in the right ways 38.

From a physical point of view, it is necessary to 
consider the progression of many signs and symptoms. 
For example, progressive muscle weakness as the main 
manifestation of DMD may become exacerbated in adult 
age owing to a lack of adequate and regular physical ac-
tivity 42. Therefore, a  multidisciplinary rehabilitation as-
sessment with interventions across all disease stages is 
recommended  9,42,43. Respiratory problems are another 
example. All or almost all therapies for respiratory man-
agement (e.g. monitoring of respiratory muscle function 
and the timely use of lung volume recruitment, assisted 
coughing, nocturnally assisted ventilation, and subse-
quent daytime ventilation) should be used even before 
transition from pediatric to adult care providers 44.

Health and physical care

For patients with NMDs, transition from pediatric to 
adult care is a critical phase. Key findings suggest that 
this process remains problematic with a gap between pe-
diatric and adult care services, including significant dif-
ferences in clinical practice and culture with a tendency 
for the adult physician to focus more on specific medical 
aspects as opposed to a global, interdisciplinary view. 
The transition process should ensure a plan for ensuring 
continuity of care with pediatricians 10.

The pediatric team should initiate the process grad-
ually by educating patient and caregiver, identifying the 
practitioner in charge, updating key management plans, 
addressing key problem areas, and assessing readiness to 
transfer at each visit 45. An up-to-date and accessible med-
ical record may be useful and help the team to collaborate 
actively and jointly 46.

Monitoring patients with chronic conditions allows 
to observe recurring themes present and relevant in most 
NMDs, attributed to the specific muscle or nerve disease 
and its effect on other areas of the body 47.

Brown and colleagues 26 suggest that young patients 
and their caregivers should be involved in transition plan-
ning (at least once a year) through scheduled visits start-
ing from age 13. Indeed, as mentioned above, the recom-
mended age for an effective transition is between 12 and 
14 years old 25-27. These visits should address: the young 
person’s medical condition; current medications and any 
side effects; genetic counseling and reproductive impli-
cations of the condition; issues related to sexuality and 
puberty; psychological well-being; any additional tests or 
assessments to be performed prior to transfer; a current 
assessment of the young person’s understanding of his/
her diagnosis and prognosis (if with severe cognitive im-
pairment, plans are established for legal guardianship). 
Physicians should provide transparent information and 

guidance to patients on the management of the terminal 
phase of NMDs, too. But often this type of communica-
tion occurs at a late stage 48. 

During adolescence, therefore, transition from child-
hood to adulthood, symptoms and signs may progress. 
For this reason, rehabilitation or support should be pro-
vided. The main areas of intervention may concern the 
muscular and skeletal system, the respiratory system, 
cardiological aspects and consequences, gastrointestinal 
and nutritional problems, the endocrine system, kidneys 
problems, orthopedic problems  42,43,49-55. Patients with 
NMDs should attend follow-up visits on a regular basis, 
otherwise their risk of developing complications typical 
of NMDs or of their progression increases. 

Emergency care planning is another key component 
of transition. Appropriate and timely interdisciplinary 
emergency management is critical for survival in these 
patients. Emergency cards (ECs) are provided for this pur-
pose to patients and caregivers as a way to ensure timely 
and appropriate relief for these patients with unique and 
complex medical needs 56.

Obviously, then, transition from pediatric to adult 
care in patients with NMDs is complex and requires ef-
fective organization and planning.

Patients and caregivers: psychological care and 
implications

For a successful and useful transition from pediat-
ric to adult care, psychological aspects in neuromuscu-
lar diseases should not be underestimated. For example, 
patients with SMA often experience anxiety, depression, 
and social isolation in response to increased symptom-re-
lated stress. However, mental health remains one of the 
unmet needs 7,57. 

A high prevalence of depression and anxiety was 
found among school-age patients (age 8-18 years) with 
SMA and other muscular disorders. Prevalence seems 
to differ across school types, academic delay, household 
SES, clinical characteristics of disease, caregivers’ men-
tal health and expectations. No gender-related differences 
emerged 58,59. This confirms once more the importance of 
making the transition process consistent with the young 
patient’s needs and their family’s.

With regard to dystrophies, it has been suggested 
that dysfunctions in dysbindin due to alterations in dys-
trophin could increase the risk of depression 60,61. Some 
studies point to an increased incidence of anxiety and 
obsessive-compulsive disorder among children and ado-
lescents with DMD  62-64. Other emotional, affective and 
behavioural disorders, such as aggression, may also be 
present 65,66. Physical symptoms may increase stress, es-
pecially in DMD vs Becker muscular dystrophy (BMD), 
the latter causing a less severe physical impairment  67. 
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Affective disorders should not be regarded as secondary 
conditions because they are not caused by mental retar-
dation or physical disability. Furthermore, environmental 
and/or social factors, such as bullying, can affect mental 
health in NMDs 68,69.

Families often do not know what to do during the 
transition process, and young patients sometimes avoid 
telling their families how they feel about their disease or 
try to hide them to protect their parents 12,70. Parents, on 
their part, feel useless or hopeless, which interferes with 
daily life. This may increase the risk of a major depressive 
episode 71. Erby and colleagues 72 highlight that parents 
are afraid to explain the terminal nature of the disease to 
their children, and these fears could impact communica-
tion within families about care planning issues.

Because of the limited nature of screening, regular 
mental health assessments ensure continuity of care and 
provide longitudinal measures of the psychological state 
of the patient and families  73. As previously reported, 
caregivers may experience stress as well as emotional and 
physical burden. One study reported more than fifteen 
components of caregivers burden, including stress, pain, 
anxiety, depression, sleep quality, and sexual function 74 .

In addition, periodic neuropsychological assessments 
are advisable. There may be a correlation between mo-
lecular defects in genes mainly responsible for muscle 
diseases and cognitive impairment or between neuro-
logical findings and intellectual disability  75. Therefore, 
active collaboration between professionals, patients and 
caregivers is necessary to ensure optimal transition in this 
critical period.

Social care and implications

The importance of social skills and social support 
during transition processes is an understudied topic in 
the literature. A combination of psychoeducational, psy-
chosocial, relationship-centered, family-based education, 
support, communication, problem solving, and skills de-
velopment interventions is recommended  76. It appears 
that poor social and interpersonal behavioural skills are 
more significant than an increase in depressive and anx-
ious behaviorus in boys with DMD 77. In the same study, 
many boys with DMD display relevant social problems, 
such as poor peer relationships and immaturity. Further-
more, patients with NMDs could experience an important 
change in their social relationships, characterized by feel-
ings of loneliness and isolation 78.

Especially adolescents express the need for meaning-
ful relationships with professionals, family and friends 
looking for greater support in daily life 79. 

Children with NMDs may show a particular behav-
ioral phenotype with difficulties in social interaction and 
communication and probable issues in theory of mind 80. 

DMD and BMD boys appear to have a higher level of so-
cial and communication difficulties compared with chil-
dren with other muscular disorders or with the general 
population 81.

Poor social support could lead to problematic be-
haviours. As reported by Fee and Hinton 82, problematic 
behaviours decrease with increased social involvement, 
which acts as a protective factor and also leads to a re-
duction in internalizing problems. Social closeness with 
peers with similar life experiences can enhance the phys-
ical and psychological well-being of young people with 
NMDs (or, in general, with disabilities) 83.

Finally, turning to the needs of young people, in-
formation on more intimate aspects should be collected, 
including desire for intimacy, sexuality and family plan-
ning. In point of fact, the need to explore one’s identi-
ty arises in adolescence, but it becomes manifest above 
in early adulthood, when individuals start to think how 
to structure their life – both private and professional  84. 
There are not many studies that focus on employment 
needs of young people with NMDs during transition in-
to adulthood. As reported by Lindsay et al. 85, transition 
plans from an occupational point of view are insufficient. 
Young people with NMDs experience severe disadvan-
tages during transition to adulthood, especially in pursu-
ing meaningful occupations, such as school, volunteer-
ing, employment, social and recreational activities. Thus, 
unemployment, social isolation and depression are wide-
spread among this population. An important intervention 
in this area could be geared to increase self-esteem of 
young patients with NMDs 40.

Discussion
This review highlights how transition from pediatric 

to adult care in NMDs is a process not just encompassing 
physical aspects but also psychological and social ones. 
It thus required a multidisciplinary approach (Fig.  1). 
The literature on transitional care is still fragmented and 
vague, although the increasing importance of psychoso-
cial factors 10,86,87.

However, it is indisputable that correct physical pro-
gramming is essential for a transition with positive out-
comes. Periodic and continuous checks regarding the 
medical condition, pharmacological and genetics and a 
preparation of the patient regarding his own diagnosis 
and prognosis are very important aspects. Collaboration 
between professionals is an essential condition for a suc-
cessful transition. A gap in transition planning emerges 
for most adolescents, both with and without mental, be-
havioural and/or developmental disorders 88.

The findings of this review, even if not systematic, 
can be grouped into three macro-areas of interest: health 
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and physical needs, young patients’ and caregivers’ psy-
chological needs, and social aspects.

Regarding psychological care, young patients are 
more likely to show internalizing and externalizing prob-
lems (such as anxiety, depression, aggression) during 
this phase, as seen in some studies 59. Moreover, anxiety 
seems to mediate the relationship of negative coping and 
transition readiness in youths 89. Furthermore, social in-
volvement – in general – and social closeness with peers 
– in particular – are related to the patients’ well-being 82,83.

Another aspect that should not be overlooked is care-
giver distress 71. Parental or caregiver stress increases in 
the transition period mainly due to problems with social 
interaction 90.

Clearly, children and adolescents have different needs 
and demands (medical, psychological and social) which 
need be reconciled. For an optimal transition, physical 
care, emotions, social involvement, education, sexuality, 
family implications, job possibilities, and advocacy need 
to be addressed. Improving transition from adolescent to 
adult health care may be considered a real goal to achieve 
good care outcomes for individuals with chronic condi-
tions 91. This shows once again how an optimal transition 
process involves the collaboration of several profession-
als 45 and active participation of patients and caregivers.

Conclusions
This work has some limitations. Indeed, this is a 

non-systematic review of the literature. For this reason, it 
lacks an explicit intent to maximize scope or analyse data 
collected, and therefore there could be some bias 34, but 
our main purpose was to stress that transition should not 
only be planned taking into consideration physical aspects 
but also psychological and social aspects, namely imple-
menting a multidisciplinary model of intervention 92. We 
found that few or no studies explored the transition pro-
cess from pediatric to adult care in neuromuscular diseas-
es and attempted to identify a general pattern of transition 
applicable to all NMDs. Studies in the literature provide 
fragmented findings due to the different manifestations 
of NMDs and do not delve into topics such as sexual 
activity, family planning or the social impact of neuro-
muscular diseases  10 or do the psychosocial aspects  8,93. 
Most studies do not report longitudinal or outcome data 
on successful transition in patients with NMDs. It might 
be useful to start drafting unique general guidelines for 
the transition process from pediatric to adult care that can 
take into account physical, psychological and social as-
pects and that can be applied to all patients with NMDs. 
Rather than drawing up general guidelines, the greatest 

Figure 1. Successful factors for transition from pediatric to adult care in a multidisciplinary perspective. 
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difficulties could arise on a practical level. For example, 
it may be difficult to interconnect and coordinate a large 
number of individuals or to afford the costs, given that 
patients would have to be followed up by multiple spe-
cialists or specialists may not be adequately trained in the 
field of transition 6.
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