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Abstract

 SMA is a neurodegenerative autosomal 
recessive disorder characterized by progressive 
degeneration of motor neurons of the spinal 
cord, leading to muscle weakness and early 
mortality. SMA can be divided into four types, 
extending from severe infantile-onset type I to 
milder forms that appear later in life, such as 
types II, III, and IV. The GCC countries have an 
unusually high prevalence of SMA, largely due 
to the high rate of consanguineous marriages, 
a situation that increases the risk of inheritance 
of autosomal recessive conditions. Genetic 
predisposition to SMA is due to mutations in 
the Survival Motor Neuron gene occurring in 
two almost identical copies, SMN1 and SMN2. 
The severity of this disease is correlated with 
the number of functional copies of these genes; 
however, SMN2 is also capable of playing a 
very critical compensatory role. The more the 
number of copies of SMN2 one has, the milder 
the forms of the disease. Molecular screening 
techniques such as genetic testing and carrier 
screening are very essential in this regard for 

early diagnosis and management of SMA. This 
orphan disease has several FDA- and EMA-
approved treatment options for SMA, including 
Nusinersen, Onasemnogene abeparvovec, 
and Risdiplam. Results with these treatments 
are very promising and show improved motor 
function and survival in the affected patients. The 
present review outlines current developments in 
research and treatment of the disease, drawing 
attention to the high prevalence of the condition 
in GCC countries and also to the contribution 
that genetic screening, combined with the 
emerging therapies, can have in managing this 
devastating disorder.

Keywords: SMA, SMN1, SMN2, Risdiplam, 
Onasemnogene Abeparvovec, Nusinersen

Introduction

Spinal muscular atrophy (SMA) 
includes a group of inherited neurodegenerative 
diseases of an autosomal recessive nature. 
Clinically, SMA is characterized by muscle 
weakness and atrophy associated with loss of 
spinal and sometimes bulbar motor neurons (1). 
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Since the disease’s first clinical identification 
in 1891, we have learned more about its 
pathogenesis and anatomical features during 
the course of the following century (1, 2, 3, 4). 
This ailment was first linked to the 5q13.2 locus 
in 1990, and by 1995, the gene survival motor 
neuron (SMN) was implicated in the disorder’s 
presentation (1, 4). The identification of the 
gene helped in the creation of animal models 
by the early 2000’s, and this in turn enabled the 
identification of the role of SMN2 in preserving 
the phenotype and providing new avenues of 
therapeutic interventions. Advances in SMA 
genetic testing and diagnosis have provided 
accurate epidemiological information; at least 
1 in 10,000–20,000 live newborns have the 
condition, and over 90% of affected individuals 
are homozygous for SMN1 deletion (5; 4). In 
contrast, some studies report that SMA affects 
approximately 1 in 6,000 individuals and is 
the most common form of hereditary cause of 
childhood mortality (2).

This review gleans insights and evidence 
from published literature and aims to provide a 
comprehensive overview of the condition, mainly 
focusing on SMA’s genetic predisposition, global 
and national frequencies in Saudi Arabia, and 
molecular screening and testing techniques.

Clinical manifestations

Classically, SMA presents with 
progressive muscle weakness and atrophy 
leading to irreversible loss of anterior horn cells 
in the spinal cord and the brain stem nuclei. 
The weakness associated with the condition 
ranges, with the weakness being progressive, 
symmetric, and greater in the proximal region 
than in the distal. Since its identification, 
attempts have been made to classify SMA into 
discrete and identifiable phenotypic subtypes, 
but with the advent of diagnostic technologies, 
it has become clear that SMA has varied 
phenotypes (6). Advances in next-generation 
technologies have now identified as many 

as 33 genes that have been implicated in the 
manifestation of the SMA phenotype. This 
technology has enabled researchers to identify 
the mechanisms that include defects in RNA 
metabolism and splicing, axonal transport, and 
motor neuron development and connectivity 
(6). This unraveling of mechanisms has helped 
progress from the disease being referred to 
as SMA5q (the most common form of the 
condition) to a multitude of phenotypes that can 
be attributed to the genetic heterogeneity (6). 
The location of the gene (SMN1) responsible for 
SMA is a complex locus, as it contains a 500-
kb duplication and loss of a telomeric region, 
which is what leads to SMA, while the SMN2 
gene is a centromeric gene. Both genes differ 
by one exon, i.e., exon 7, that is spliced out in 
the SMN2 gene because of a C>T transition at 
c840. Though most of the mRNA transcripts 
produced do not contain exon 7, there still are 
some transcripts that escape this predicament, 
and these transcripts are responsible for the 
5-10% of full-length transcripts that rescue the 
SMN1 phenotype (7). A multitude of patients 
(approximately 96%) present with a SMN1 
homozygous deletion for the exons seven and 
eight or exon seven only, whereas the other four 
percent are compound heterozygotes for the 
SMN1 locus with a deletion of one allele and a 
point mutation at the other (8).

The most common form of the condition 
manifests due to the homozygous disrupted 
SMN1, which results in a reduction in the SMN 
levels in the motor neurons, and is an autosomal 
recessive condition with a frequency of 1 in 6000 
to 10,000 and a carrier frequency of 1 in 40 to 60 
adults (6). The latest technological innovations 
have now been able to classify SMA into four 
types according to their symptom severity and 
genotypes, though this might change based on 
the advancements that have been achieved in 
the treatment of the condition (9). The below-
given table classifies the different types of SMA 
(Table 1) (6).
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SMN: survival motor neuron; 
SMALED: spinal muscular atrophy 
with lower extremity predominance; 
DSMA: distal spinal muscular 
atrophy; HMN: distal hereditary 
motor neuropathy, SMARD: spinal 
muscular atrophy with respiratory 
distress, HMNJ: distal hereditary 
motor meuropathy, Jerash type; 
dHMN: distal HMN

Most 5q SMA patients 
present with a homozygous 
deletion of the seventh exon 
of SMN1, with the remaining 
presenting with a deletion and 
a heterozygous point mutation. 
De novo mutations have been 
reported in two percent of the 
cases, indicating that this particular 
region on the fifth chromosome is 
unstable due to the presence of 
a high number of copy number 
repeats causing problems during 
the crossing over, thus leading to 
de novo mutations. Patients who 
present with mild symptoms might 
undergo gene conversion of the 
SMN1 and SMN2 genes (10). The 
number of copies of SMN2 varies 
in the general population, with 
15% of individuals not having even 
a single copy of the gene, 33% 
having a single copy, and 50% of 
the general population having two 
copies of the gene (10).

Spinal muscular atrophy in gulf 
cooperation council countries

Data specific to SMA in 
GCC is limited, but there is an 
increase in it. Research shows 
that globally, the occurrence of 
SMA is different, with estimates 
ranging from 1 case per 6,000 live 
births. Caused by genetic factors 
and consanguinity, there are high H
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levels of this illness within some populations 
that could be higher than others. The number 
of cases of genetic abnormalities such as 
SMA could be on the rise in GCC countries 
than in non-consanguineous communities, as 
consanguineous marriages are more common.

“In the GCC states the distribution and 
prevalence of SMA genotypes are influenced by 
a number of factors, consisting of consanguinity 
rates inclusive of genetic diversity within 
populations of Saudi Arabia, Kuwait, Qatar, 
Bahrain, and Oman, along with the United Arab 
Emirates.” According to this quotation from 
Alkuraya et al. (2004), approximately 20% of 
loci known so far exhibit no polymorphisms, 
while most others depict variability along their 
DNA sequence, such as insertion/deletions, 
frameshifts, etc. Among them, it was found that 
~42% came within a 100-bp region near one 
neighboring coding gene (11).”

Saudi Arabia has a very high 
prevalence of SMA, estimated at 13.26 per 
100,000 people (12; 13). The incidence rate is 
equally high, estimated at 40 times the rate in 
Western countries at 10-193 for every 100,000 
births (14). Verhaart et al. (2017) attribute the 
high prevalence to parental consanguinity 
(i.e., intra-familial unions involving first/second 
cousins or other familial ties). Studies estimate 
that 1 billion people reside in communities that 
practice consanguineous marriages, especially 
in the Middle East, North Africa, and West Asia 
(15). An estimated 20% to 50% of marriages 
worldwide are considered to be such marriages. 
As a result, children born in these areas have 
a high incidence of genetic and congenital 
illnesses. The closer the familial relation, 
the higher the risk of the offspring inheriting 
identical copies of genes (including faulty ones) 
from both parents. A recent study in Saudi 
Arabia reported an SMA carrier frequency of 
2.6%, which is higher than the reported global 
frequency of 1.25–2% (16). Valuable insights 
into the genetic landscape of SMA have been 
provided by research undertaken in Saudi 
Arabia. In the study carried out by Alfadhel et al. 

(2017), they investigated the molecular genetics 
of SMA in a group of patients from this country. 
The prevalent type of SMA among all affected 
individuals participating in their research turned 
out to be possession of one copy only of one 
gene called SMN1 exon 7, which resulted in 
its complete deletion on both chromosomes, 
resulting in what is known as homozygous 
deletions. Thereafter signs emerged as those 
of classical nerve degeneration, which involved 
early age onset while leaving individuals fully 
restrained or even dead (17). Studies that have 
explored Kuwait’s genetic epidemiology of SMA 
have provided insight into its prevalence and 
the specific genetic variants that are present 
in this population. The disorder is seen among 
different ethnic and cultural groups across 
Kuwait, although there has been no mention 
of particular incidences of SMA in the literature 
(18).

Diagnosis of spinal muscular atrophy

Diagnosing SMA primarily depends on 
the deletion of the SMN1 gene and the number 
of SMN2 gene copies, which are prognostic 
indicators and modifiers of the disease. Early 
onset of SMA is linked to fewer SMN2 copies, 
resulting in shorter survival, whereas more 
copies correlate with later onset and longer 
survival (19). Phosphorylated neurofilament 
chains also serve as biomarkers, with elevated 
levels observed in presymptomatic individuals 
with two SMN2 copies and in SMA patients 
(20; 21). Non-molecular biomarkers like 
compound muscle action potential (CMAP) 
amplitude, motor unit number estimation 
(MUNE), and electrical impedance myography 
(EIM) are crucial for understanding SMA’s 
etiopathogenesis and differentiating between 
symptomatic and presymptomatic patients (20). 
Imaging tools such as MRI, muscle ultrasound, 
and multispectral optoacoustic tomography help 
detect the symptomatic phase of SMA (19).

Genetic counselling in spinal muscular 
atrophy

Genetic counseling plays a vital role 
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in identifying individuals at risk of inheriting 
diseases or passing on the risk alleles to the 
future generation. Generally, prenatal testing is 
requested by would-be parents who have had 
prior history of the condition in their family or 
have a child who is positive for SMA. Newborn 
screening should be made compulsory in those 
families that have a history of SMA within 
their family. Because most cases arise from 
consanguineous marriages, it is critical that 
the couple undertake genetic testing to avoid 
complications.

Treatment for spinal muscular atrophy

Treatment options for spinal muscular 
atrophy (SMA) are under continuous exploration 
due to the rarity of the condition. This scarcity has 
led to limited interest from drug manufacturers 
in developing SMA therapies. Currently, the 
available treatments are orphan drugs, which 
are specifically developed for rare diseases. 
Three orphan drugs have been authorized for 
SMA treatment: nusinersen, onasemnogene 
abeparvovec, and risdiplam (22).

Nusinersen

This antisense oligonucleotide was the 
first drug approved for SMA by the FDA in 2016 
and the EMA in 2017. Nusinersen targets the 
intronic splice silencing site (ISS-N1) in intron 
7 of the SMN2 gene, preventing the binding of 
hnRNPA1 and hnRNPA2 to ISS-N1. This allows 
exon 7 to be included in the final transcript, 
producing a full-length SMN protein. However, 
nusinersen cannot cross the blood-brain 
barrier, requiring recurrent lumbar punctures for 
administration (22).

Onasemnogene abeparvovec

Approved in 2020 for patients under 
two years old with biallelic SMN1 mutations and 
either three or four copies of the SMN2 gene 
or infantile-onset SMA, this gene replacement 
therapy uses adeno-associated viral vector 
serotype 9 (scAAV9) for delivery. It works 
through recombinant self-complementation 

and has shown significantly improved lifespan 
in preclinical mouse studies, with the ability to 
cross the blood-brain barrier (22). This suggests 
potential effectiveness in humans diagnosed 
early in life.

Risdiplam

An oral medication approved in 2020 by 
the FDA and EMA, risdiplam is a coumarin-based 
pyrido-pyrimidinone derivative. It has excellent 
tissue distribution, as shown in pharmacokinetic 
analyses from preclinical studies (22). These 
advancements in SMA treatment highlight 
the ongoing efforts to manage this rare but 
debilitating condition.

Conclusion

Spinal muscular atrophy (SMA) is 
a genetic disability marked by progressive 
muscle degeneration and diminished strength 
due to the breakdown of nerve cells controlling 
muscle movement in the brainstem and spinal 
cord. This condition primarily results from SMN1 
gene mutations, with varying severity levels 
from type 0 (detected before birth) to type IV 
(appearing in adulthood). The disorder severely 
impacts patients’ mobility, affecting activities like 
walking and sitting, and can lead to breathing 
and swallowing difficulties in advanced stages. 
Early identification and management are 
crucial. Significant advancements in genetic 
research and therapeutics, including treatments 
like nusinersen (Spinraza), onasemnogene 
abeparvovec (Zolgensma), and risdiplam 
(Evrysdi), have improved the outlook for SMA 
patients by potentially halting or restoring 
neurological functions. Timely initiation of these 
treatments, supported by newborn screening 
programs, is essential. Thus, further efforts 
are still being made in relation to gene therapy, 
while other complementary treatments, such as 
physiotherapy/occupational therapy, ventilator 
use, and nutrition management, have led to 
better standards of living among patients with 
SMA. However, even with advancements, 
some problems still exist. High treatment 
costs, lifelong need for medical attention, 
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and their effect on the social and mental well-
being of patients and their relatives require 
that management be all-inclusive. To address 
these demands, joint health workers must have 
multidisciplinary teams comprising neurologists, 
genetic counselors, and others. Continued 
research, early intervention, and holistic care 
approaches are key to improving outcomes and 
offering hope to individuals and families affected 
by this disorder.
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