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Abstract Objective Neuromuscular disorders (NMDs) are any diseases affecting the lower
motor neuron (anterior horn cell, peripheral nerve, and neuromuscular junction) or
muscle, all of which are components of motor unit. The aim of this study was to
describe the clinical, demographic, and genetic profile of children diagnosed with
different NMDs.
Materials and Methods Descriptive case series study where clinical records for
children with neuromuscular disorders (NMDs) how presented to the outpatient
Neurology Clinic at Tripoli Children Hospital in the period from January 2015 to the
date of data collection May 2023 have been reviewed to obtain the relevant informa-
tion which include demographic data, parental consanguinity, family history of
affected other members, diagnostic groups within NMDs used were spinal muscular
atrophy (SMA) and its subtypes, Duchenne muscular dystrophy (DMD), limb girdle
muscular dystrophy (LGMD) and any other NMDs, genetic testing results, ambulatory
state at the time of data collection, age at death if occurred, mode of treatment
(steroid for patients with diagnosis of DMD, oral Risdiplam/IV Zolgensma/intrathecal
Spinraza for patients with SMA) and Genetic testing results and the eligibility to spesfic
exon skipping therapy for DMD patients.
Results The study revealed 53 patients with NMDs, which represent 3.8% of all
neurological disorders. Of these, 32 (60.4%) were males and 21 (39.6%) were females.
Patient ages ranged between 2 months and 20 years (mean¼ 10 years). SMA and DMD
are more common than the other disorders. 77.4% of patients were have positive
consanguinity and 66% are have family history. 54.7% of patients still have ability to
walk independently. Four (7.5%) patients were died three of them were have diagnosis
of SMA type 1 and they died before age of 18 months and the fourth who has diagnosis
of SMA type 3 was die at age of 12 years.
Conclusion Although neuromuscular disorders are rare as individual disease entities,
as a group they are not. The retrospective study presented here could form the
backbone of a future Libyan neuromuscular registry, which is necessary with many
novel NMD therapies in pipeline.
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Introduction

Neuromuscular diseases (NMDs) are any diseases affecting
the lower motor neurons (anterior horn cell, peripheral
nerve, neuromuscular junction) or muscles, all of which
are components of the motor unit. The notion that a patho-
logic abnormality in a neuromuscular disease may be purely
isolated to one anatomic region of the lower motor neuron
with primary or secondary changes isolated to muscles is
only true for selected conditions. Many neuromuscular dis-
eases are multisystem disorders affecting multiple organs.
For example, Duchenne’s muscular dystrophy (DMD) gives
rise to abnormalities of the skeletal and cardiac muscle,
cardiac conduction system, smooth muscle, and brain. This
dysfunction can be inherited or acquired.1 To date, 1,079
NMDs, classified into 16 categories, have been associated
with 608 nuclear and mitochondrial genes.2 The overlapping
and often nonspecific symptoms observed in NMD patients
have made the process of differential diagnosis rather com-
plex.2Moreover, the large number of genes andwide range of
genetic alterations linked to these diseases have further
complicated the diagnosis. Advances in thefield ofmolecular
biology and the emergence of high-throughput approaches
such as microarray analysis and next-generation sequencing
(NGS) have significantly enhanced the identification of novel
NMD genes and improved the diagnostic process.3 A system-
atic approach toward the diagnosis and management of
hereditary NMDs is needed, especially in the Middle East
where the prevalence of these diseases is thought to be high
and underestimated.4,5 Lack of NMD-related data in Libya
makes it difficult to understand and quantify their socioeco-
nomic impact, concurrent with retrospective studies calling
for a much needed infrastructure for data collection and
sharing in the Middle East.5,6 Establishing a patient registry
would address this challenge and enable clinicians, research-
ers, policy-makers, and industry experts to unify their efforts
in introducing new treatment methods and providing better
patient care.7

The aim of this study was to describe the clinical, demo-
graphic, and genetic profile of children diagnosed with
different NMDs.

Patients and Methods

Descriptive case series study where clinical records for
children with neuromuscular disorders (NMDs) who pre-
sented to the outpatient Neurology clinic at Tripoli Children
Hospital in the period from January 2015 to the date of data
collection May 2023, have been reviewed to obtain the
relevant information. which include sex, age, place of resi-
dence, consanguinity, family history of affected other mem-
bers, diagnostic groups within NMDs used were spinal
muscular atrophy (SMA) and its subtypes, DMD, limb girdle
muscular dystrophy (LGMD) and any other NMDs, genetic
testing results, ambulatory state at the time of data collec-
tion, age at death if occurred, mode of treatment (steroid
for patients with diagnosis of DMD, oral Risdiplam/IV
Zolgensma/Intrathecal Spinraza for patients with SMA) and

Genetic testing results and the eligibility to spesfic exon
skipping therapy for DMD patients. The datawere coded and
analyzed by the SPSS software. Frequency, percentage,mean,
and standard deviation were used to describe the data. The
chi-squared test was used to find the level of significant
difference between categorized data. A p-value less than 0.05
was considered significant.

Results

The study revealed 53 patients with NMDs, of which 32
(60.4%) were males and 21 (39.6%) were females. NMDs as a
group represent 3.8% of all neurological disorders. Patient
ages ranged between 2 months and 20 years (mean¼10
years). In all, 41% of patients were residents of Tripoli, while
13.2 and 11.2% of patients were from Alzawia and Tanda-
mira, respectively. SMA andDMDaremore common than the
other disorders (►Table 1). In total, 77.4% patients were had
positive consanguinity, with the highest consanguinity rate
(100%) in patients with LGMD. Those with a family history of
NMDs accounted for 66% of the patients. All patients under-
went confirmatory molecular diagnosis. ►Table 2 describes
the genetic testing results, ambulatory status, and eligibil-
ities to undergo treatment among patients with DMD. Most
(75%) patients with DMD were on regular oral prednisolone.
More than half (54.7%) of the patients still had the ability to
walk independently and 32.1% were bound to a wheelchair.
Four (7.5%) patients died, of which three were diagnosed
with SMA type 1 and died before the age of 18 months and
the fourth who was diagnosed with SMA type 3 died at the
age of 12 years. ►Table 3 describes the correlation between
the clinical status and treatment modes of patients with
different types of SMA.

Discussion

Neuromuscular disorders (NMDs) represent a large group of
conditions that affect the functioning of the muscle, causing
progressive weakness. Associated extramuscular involve-
ments constitute chronic comorbidities that disturb the
patient’s quality of life. There are challenges to better serve
patients with chronic NMDs that require a multidisciplinary
approach. A systematic approach toward the diagnosis and
management of hereditary NMDs is needed, especially in the
Middle East, where the prevalence of these diseases is
considered high and underestimated.4,5 Depending on the
exact disease type, incidence rates between 1 and 5 out of
10,000 children have been reported.8 However, the most
striking finding in this study is that NMDs as a group
represent 3.8% of all neurological disorders, which correlate
with a Sudanese study where NMDs represented 3.2% of all
neurological disorders.9 Although muscular diseases are
monogenetic disorders inherited in an autosomal recessive
(AR), dominant or X-linked pattern, the marked variability in
genetics and presentations can be identifiedwithin the same
category of a subtype and among patients with involvement
of the same gene. Arab populations are characterized by a
high rate of consanguineous marriages, which favor the
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appearance of such groups of muscular and neuromuscular
diseases in multiple and successive generations.10 In the
present study, 77.4% of patients had parental consanguinity.
It is generally believed that consanguinity has no significant
effect on the occurrence of autosomal dominant or X-linked
diseases. This fact corroborates with our findings in which
only 41% of patientswithDMDhadparental consanguinity as
compared with 100 and 85.7% for patients with LGMD and
SMA, respectively. Also, these findings are consistent with
data obtained in Ben Halim N et al where parental consan-
guinity was associated with an eightfold to ninefold in-

creased risk of recessive disease expression.11 Clinically
focused community surveys and hospital studies have of-
fered brief insight into the spectrum of NMDs in the Middle
East, including studies in Egypt with sparse reporting on a
multitude of NMD subtypes.12 The present study found SMA
to be the most frequently occurring NMD (52.8%), followed
by DMD and LGMD with frequencies of 22.6 and 18.9%,
respectively. This is contrary to the reports that have
revealed the prevalence and profiles of NMDs in the region.
In a 43-year study with 823 NMD patients from Cairo, DMD
and autosomal MDs were reported as the most common

Table 1 Frequency and sex distribution of neuromuscular disorders

NMDs Patient no. (%) Gender

Male Female

SMA 28 (52.8%) 11 17

DMD 12 (22.6%) 12 0

LGMD 10 (18.9%) 1 4

CMT 1 (1.9%) 1 0

Nemaline myopathy 1 (1.9%) 1 0

Central core disease 1 (1.9%) 1 0

Abbreviations: CMT, Charcot–Marie tooth; DMD, Duchenne muscular dystrophy; LGMD, limb girdle muscular dystrophy; SMA, spinal muscular
atrophy.

Table 2 Frequency of genetic testing and eligible therapy for patients with Duchenne muscular dystrophy (DMD)

Patient no. (%) Ambulatory status Eligible therapy

Ambulatory Nonambulatory

Deletion exon 44 4 (33.3) 2 2 IV Amondys 45

Deletion exon 49–50 1 (8.3) 0 1 IV Exondys 51

Deletion exon 1–52 1 (8.3) 1 0 Not eligible

Deletion exon 8–13 1 (8.3) 0 1 Not eligible

Nonsense mutation 2 (16.7) 1 1 Oral Translarna

Undetermined deletion 3 (25) 2 1 Not eligible

Table 3 Relation of spinal muscular atrophy (SMA) type with other characters

Patient no. Type 1 Type 2 Type 3 p-value

7 (25%) 12 (42.8%) 9 (32%)

Gender Male 5 2 4 0.052

Female 2 10 5

Mode of treatment Risdiplam 3 11 9 0.063

RisdiplamþZolgensma 2 0 0

Risdiplamþ Spinraza 1 1 0

Nil 1 0 0

Clinical status Ambulatory 0 5 7 0.001

Nonambulatory 1 7 1

<6 mo old 3 0 0

Death 3 0 1
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NMD, followed by lower rates of SMA and congenital myop-
athies. Charcot–Marie tooth (CMT) disorders were less fre-
quent, along with myotonic dystrophy identified in a
relatively fewer patients.13 SMAs are characterized by pre-
mature degeneration of the second motor neuron. 5q-asso-
ciated SMA is by far the most common form with an
incidence of about 1 in 6,000 to 10,000 live births. The
phenotype is broad and ranges from infants dying within
the first year of life due to respiratory insufficiency to
patients showing first symptoms of mild proximal muscle
weakness beyond the age of 18 years. The disease is caused
by biallelic mutations in the Survival Motor Neuron (SMN1)
gene. About 95% of patients carry homozygous SMN1 dele-
tions of exon 7 or exons 7 and 8, resulting in a truncated and
unstable SMN protein. While biallelic mutations in SMN1
cause SMA, disease severity is related to the number of SMN2
copies.14,15 In our study, 25% of patients had homozygous
deletion of exon 7 with two copies of SMN2 protein and 42.9
and 32% of thesehad a homozygous SMN1deletion of exons 7
and 8 with three and four copies of SMN2, respectively. The
Food and Drug Administration (FDA) in 2017 and the Euro-
pean Medical Agency (EMA) in 2018 approved Nusinersen
(Spinraza R), an antisense oligonucleotide that modifies the
splicing process of SMN2, thereby enhancing the production
of stable and functional SMN protein. Onasemnogene abe-
parvovec (Zolgensma) is an Adeno Associated Virus 9 (AAV9)
vector-based gene therapy approved in 2019 by the FDA for
children with SMA under the age of 2 years and Risdiplam
(Evrysdi) is a small molecule modifying pre-mRNA splicing
of SMN2. The drug is studied in patientswith SMA 1 to SMA 3
and in presymptomatic SMA 1 patients. Risdiplam can be
given orally since it penetrates the blood–brain barrier.
Currently, many SMA 1 patients start treatment with one
of the above-mentioned therapeutic agents after they have
been diagnosed. Although the efficacyof these newdrugs has
been well documented in clinical trials, improvement of
motor function is often modest, and swallowing and respi-
ration remain substantially compromised.16,17 This stands in
sharp contrast to the results of studies with nusinersen and
onasemnogene abeparvovec in presymptomatic SMA 1
patients, showing that many of them were able to walk,
learn to speak, and remain ventilator free at least within the
first years of life.18,19 These data strongly support the inclu-
sion of SMA in newborn screening programs.20,21 A clinically
relevant finding in this study is that the mortality rate was
higher in SMA 1 patients than in other NMDs. The other
groups of SMA have a similar curve to the DMD patients, but
the decline starts earlier, just before 10 years of age, and
these findings are consistent with the literature.22 DMD is
caused by mutations in the dystrophin gene, located on
Xp21. The dystrophin gene is one of the largest human genes
and has 79 exons. Our study revealed that 50% of DMD
patients lost their ability to walk at the time of data collec-
tion. This is consistent with the finding in other studies that
show that most patients become wheelchair bound until the
age 12 years. Scoliosis, cardiomyopathy, and respiratory
failure evolve thereafter and result in premature death

without assisted ventilation by the age of 20 years.23 Rec-
ommended standards of care have been published,24,25 and
their transformation into clinical practice (e.g., steroid treat-
ment, spinal surgery, noninvasive ventilation) has delayed
the age at loss of ambulation and substantially increased the
life expectancy.23,26,27 Large deletions disrupting the read-
ing frame account for 65% of mutations, and approximately
10% of patients carry nonsense mutations resulting in pre-
mature termination of the protein synthesis26. In the current
study, 16.7% of DMD patients carry nonsense mutation.
Steroids were the first drugs to improve muscle strength
and pulmonary function.25,28 It is supposed that prednisone
reduces the inflammatory process as a result of the cell
membrane breakage. Ataluren (Translarna) is approved by
the EMA, but not yet by the FDA, for treatment of ambulant
DMD patients older than 2 years with nonsensemutations in
the dystrophin gene.29 Exon skipping therapies aim to re-
store the reading frame in DMD patients with deletions. This
allows production of a shortened and defective, but still
functional, dystrophin protein.30Among boyswith deletions,
approximately 20% patients are amenable to skipping of exon
51, 13% to skipping of exon 53, 12% to skipping of exon 45,
and 11% to skipping of exon 44. Eteplirsen (Exondys 51)
received an accelerated approval by the FDA in 2016 for the
treatment of DMD patients with mutations amenable to
skipping of exon 51.30 Several new therapeutic options
have become available for the treatment of pediatric NMDs
in the last years, and multiple others are currently under
preclinical and clinical trials. While some diseases have now
become principally treatable, many others are still waiting
for a major breakthrough.

Conclusion

The summedestimate forNMDsas a group represents only the
tip of the iceberg. Although neuromuscular disorders are rare
as individual disease entities, as a group, these are not uncom-
mon. The retrospective study presented here could form the
backbone of a future Libyan neuromuscular registry, which is
necessary with many novel NMD therapies in pipeline.

Authors’ Contribution
All the named authors contributed to the clinical care of
the patients, data collection, drafting and revising of the
manuscript, and approval of thefinal version of the article.

Compliance with Ethical Principles
This is a small case series that does not require prior ethical
approval. All patients and/or their patients/guardian signed
a general consent form allowing anonymous use of data for
education, research, and quality improvement.

Funding and Sponsorship
None.

Conflict of Interest
None declared.

Ibnosina Journal of Medicine and Biomedical Sciences Vol. 15 No. 4/2023 © 2023. The Libyan Biotechnology Research Center. All rights reserved.

Profile of Neuromuscular Disorders Eshrif et al. 171



References
1 Laing NG. Genetics of neuromuscular disorders. Crit Rev Clin Lab

Sci 2012;49(02):33–48
2 Benarroch L, Bonne G, Rivier F, Hamroun D. The 2021 version of

the gene table of neuromuscular disorders (nuclear genome).
Neuromuscul Disord 2020;30(12):1008–1048

3 Efthymiou S, Manole A, Houlden H. Next-generation sequencing in
neuromuscular diseases. Curr Opin Neurol 2016;29(05):527–536

4 Salih MA, ed. Muscular dystrophies and myopathies in Arab
populations. In: Teebi AS, ed. Genetic Disorders among Arab
Populations. 2nd ed. Berlin: Springer-Verlag; 2010:158–179

5 Jumah MA, Muhaizea MA, Rumayyan AA, et al. Current manage-
ment of Duchennemuscular dystrophy in theMiddle East: expert
report. Neurodegener Dis Manag 2019;9(03):123–133

6 Alassiri AH, Alyami AA, Alshabibi MI, et al. The spectrum of
muscle pathologies: three decades of experience from a reference
laboratory in Saudi Arabia. Ann Diagn Pathol 2020;47:151532

7 Leary R, Oyewole AO, Bushby K, Aartsma-Rus A. Translational
Research in Europe for the Assessment and Treatment for Neuro-
muscular Disorders (TREAT-NMD). Neuropediatrics 2017;48(04):
211–220

8 Deenen JC,HorlingsCG,Verschuuren JJ, VerbeekAL, vanEngelenBG.
The epidemiology of neuromuscular disorders: a comprehensive
overview of the literature. J Neuromuscul Dis 2015;2(01):73–85

9 Mohamed IN. Clinical profile of pediatric neurological disorders:
Outpatient Department, Khartoum, Sudan. Child Neurol Open
2016;3:2329048�15623548

10 Esaid M. Neuromuscular Disorders in Qatar: Research Outcomes
and Recommendations. Paper presented at: QScience Proceed-
ings: Congenital Dystrophies - Neuromuscular Disorders Preci-
sion Medicine: Genomics to Care and Cure Conference;
January 11–13, 2020; Doha, Qatar

11 Ben Halim N, Hsouna S, Lasram K, et al. Differential impact of
consanguineous marriages on autosomal recessive diseases in
Tunisia. Am J Hum Biol 2016;28(02):171–180

12 Khedr EM, Fawi G, Abbas MA, et al. Prevalence of neuromuscular
disorders in Qena governorate/Egypt: population-based survey.
Neurol Res 2016;38(12):1056–1063

13 Shawky R, El-Sayed NS, Ibrahim D, Seifeldin N. Profile of genetic
disorders prevalent in northeast region of Cairo, Egypt. Egypt J
Med Hum Genet 2012;13:45–62

14 Lunn MR, Wang CH. Spinal muscular atrophy. Lancet 2008;371
(9630):2120–2133

15 PechmannA, Kirschner J. Diagnosis and new treatment avenues in
spinal muscular atrophy. Neuropediatrics 2017;48(04):273–281

16 Finkel RS, Mercuri E, Darras BT, et al; ENDEAR Study Group.
Nusinersen versus sham control in infantile-onset spinal muscu-
lar atrophy. N Engl J Med 2017;377(18):1723–1732

17 Day J, Chiriboga C, Darras B, et al. Onasemnogene Abeparvovec-
xioi gene-replacement therapy for spinalmuscular atrophy type 1
(SMA1): phase 3 US study (STR1VE) update (1828). Neurology
2020

18 De Vivo DC, Bertini E, Swoboda KJ, et al; NURTURE Study Group.
Nusinersen initiated in infants during the presymptomatic stage
of spinal muscular atrophy: interim efficacy and safety results
from the phase 2 NURTURE study. Neuromuscul Disord 2019;29
(11):842–856

19 Lowes LP, Alfano LN, Arnold WD, et al. Impact of age and motor
function in a phase 1/2a study of infants with SMA type 1
receiving single-dose gene replacement therapy. Pediatr Neurol
2019;98:39–45

20 Boemer F, Caberg J-H, Dideberg V, et al. Newborn screening for
SMA in Southern Belgium. Neuromuscul Disord 2019;29(05):
343–349

21 Govoni A, Gagliardi D, Comi GP, Corti S. Time is motor neuron:
therapeutic window and its correlation with pathogenetic mech-
anisms in spinal muscular atrophy. Mol Neurobiol 2018;55(08):
6307–6318

22 Bittles A. Consanguinity and its relevance to clinical genetics. Clin
Genet 2001;60(02):89–98

23 McDonald CM, Henricson EK, Abresch RT, et al; Cinrg Investiga-
tors. The cooperative international neuromuscular research
group Duchenne natural history study: a longitudinal investiga-
tion in the era of glucocorticoid therapy—design of protocol and
the methods used. Muscle Nerve 2013;48(01):32–54

24 Bushby K, Finkel R, Birnkrant DJ, et al; DMD Care Considerations
Working Group. Diagnosis and management of Duchenne mus-
cular dystrophy, part 1: diagnosis, and pharmacological and
psychosocial management. Lancet Neurol 2010;9(01):77–93

25 Birnkrant DJ, Bushby K, Bann CM, et al; DMD Care Considerations
Working Group. Diagnosis and management of Duchenne mus-
cular dystrophy, part 1: diagnosis, and neuromuscular, rehabili-
tation, endocrine, and gastrointestinal and nutritional
management. Lancet Neurol 2018;17(03):251–267

26 Landfeldt E, Thompson R, Sejersen T, McMillan HJ, Kirschner J,
Lochmüller H. Life expectancy at birth in Duchenne muscular
dystrophy: a systematic review and meta-analysis. Eur J Epide-
miol 2020;35(07):643–653

27 McDonald CM, Henricson EK, Abresch RT, et al; CINRG Investi-
gators. Long-termeffects of glucocorticoids on function, quality of
life, and survival in patients with Duchenne muscular dystrophy:
a prospective cohort study. Lancet 2018;391(10119):451–461

28 Moxley RT III, Ashwal S, Pandya S, et al; Quality Standards
Subcommittee of the American Academy of Neurology Practice
Committee of the Child Neurology Society. Practice parameter:
corticosteroid treatment of Duchenne dystrophy: report of the
Quality Standards Subcommittee of the American Academy of
Neurology and the Practice Committee of the Child Neurology
Society. Neurology 2005;64(01):13–20

29 Ryan NJ. Ataluren: first global approval. Drugs 2014;74(14):
1709–1714

30 Mendell JR, Rodino-Klapac LR, Sahenk Z, et al; Eteplirsen Study
Group. Eteplirsen for the treatment of Duchenne muscular dys-
trophy. Ann Neurol 2013;74(05):637–647

Ibnosina Journal of Medicine and Biomedical Sciences Vol. 15 No. 4/2023 © 2023. The Libyan Biotechnology Research Center. All rights reserved.

Profile of Neuromuscular Disorders Eshrif et al.172


