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Profile of Inherited Neuromuscular

and Movement Disorders Among

Filipinos: A Referral Single-Center
Retrospective Study

f
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ABSTRACT

Background: Neuromuscular and  movement
disorders comprise a heterogeneous group of
acquired and inherited conditions affecting the motor
unit and central movement pathways. Genetic data
from underserved populations, including Filipinos,
remain limited, highlighting the need for population-
specific characterization.

Objective: Tocharacterize inherited neuromuscular
and movement disorders among Filipinos and
determine the diagnostic yield and genetic spectrum
using next-generation sequencing (NGS).
Methods: This referral single-center retrospective
study reviewed Filipino patients who underwent
genetic testing for suspected inherited neuromuscular
and movement disorders. Variants were classified
according to the American College of Medical
Genetics and Genomics (ACMG) criteria.

Results: Among 85 patients, 24 (28.2%) had
pathogenic/likely pathogenic variants, 33 (38.8%)
had variants of uncertain significance (VUS) and
28 (32.9%) were negative. Confirmed diagnoses
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included pediatric cases of limb-girdle muscular
dystrophy, Duchenne muscular dystrophy, spinal
muscular atrophy and GNE-related myopathy,
and adult cases with myofibrillar myopathy,
spinocerebellar ataxia and amyotrophic lateral
sclerosis. Pathogenic variants involved 26 genes,
most commonly SMNT.

Conclusion: This NGS-based characterization of
inherited neuromuscular and movement disorders
in Filipinos showed 28% diagnostic yield and a
spectrum comparable to other Asian cohorts. The
high rate of VUS underscores the need for family
segregation studies and careful genotype-phenotype
correlation. This study highlights the critical role of
genetic testing in accurate diagnosis and targeted
management to improve outcomes for patients with
these rare disorders.

INTRODUCTION

Neuromuscular and movement disorders encompass
various conditions that impact the muscles,
neuromuscular junctions, peripheral nerves, motor
neurons and the motor system. The causes of these
conditions are diverse; they may be acquired or
inherited. If acquired, these conditions may arise
from infectious, traumatic, or toxic causes. On the
other hand, these disorders may be secondary to
a genetic mutation that can display autosomal
recessive, autosomal dominant, or Xlinked
inheritance. The prominent clinical manifestation of
neuromuscular disorders (NMD) is characterized
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by muscle weakness, which may be intermittent,
fluctuating, or progressive and may eventually lead
to severe functional disability brought about by
muscle degeneration.

Worldwide, the prevalence of specific inherited
NMDs and movement disorders ranges from 3.7
to 4.99 per 10,000 people. This figure can vary
significantly across different populations.[1] Some
specific inherited NMDs, such as Becker muscular
dystrophy, facioscapulohumeral dystrophy, myotonic
dystrophy and Charcot-Marie-Tooth disease, as well
as inherited movement disorders such as Parkinson’s
disease, ataxia, tics and dystonia have shown
amplified prevalence rates.[2] The increased number
of these inherited neuromuscular and movement
diseases were attributed to the available innovative
and improved diagnostic evaluation, including
genetic evaluation.

To date, there are only a few reported literature
in Asia regarding the prevalence of inherited
neuromuscular and movement disorders. In South
Asia, the frequency of NMDs was at 91.2 per
100,000, specifically on non-dystrophin-related
NMDs among the pediatric population.[3] In Hong
Kong, the estimated prevalence of inherited NMDs is
1 in 7528. Of the inherited neuromuscular diseases,
the most common is dystrophinopathy, followed by
spinal muscular atrophy and congenital myopathy.
[4] Meanwhile, in movement disorders, the incidence
of Huntington’s disease or chorea is lower in Asians
compared to populations in Europe, North America
and Australia. Hemifacial spasm (HFS) is more
prevalent in Asians, with a reported rate of 12.63
per 100,000, although the number of scientific
publications on the condition remains relatively
small. This may be due to the ease of diagnosing
and treating HFS. Studies on dystonia in Southeast
Asia represent 9.4% of global research, indicating
a low prevalence of dystonia in the region, with the
exception of Xlinked dystonia-parkinsonism (XDP),
which occurs only in the Philippines.[5]

Clinical evaluation of patients with suspected
hereditary NMDs usually consists of gathering
a comprehensive history, conducting a thorough
neurological ~ examination  alongside  having
neurophysiological tests such as electromyography
and nerve conduction test and other adjunct
procedures such as muscle biopsy.

Atpresent, genetic testing is becoming an emerging
tool that guides the diagnosis of illnesses. Recently,

there have been nearly 500 genes identified as the
etiology of these diverse groups of neuromuscular
and movement disorders. However, neuromuscular
and movement disorders exhibit significant diversity
in both their observable traits and genetic makeup:
phenotypic and genotypic heterogeneity. Mutations
in various genes can lead to a similar clinical
progression, while a single gene mutation can
manifest in a range of distinct phenotypes and still
evolve.

There is a notable absence of published data
regarding the prevalence of genetically confirmed
inherited NMD:s in the Philippines. Most patients still
receive diagnoses solely based on their observable
characteristics, primarily because they face
challenges regarding the accessibility of genetic
testing centers or are burdened by their associated
costs. Moreover, only a limited number of institutions
provide genetic evaluation services.

This study aims to provide substantial insights
info various inherited neuromuscular and movement
disorders observed in the Filipino population. It will
serve to increase awareness regarding their clinical
characteristics and establish genotype-phenotype
correlations, which could potentially pave the way
for advancements in therapeutic options.

Primary Objective

Generally, this is the first retrospective study that
would like to investigate the spectrum of inherited
NMDs among the Filipino population who underwent
neuromuscular profiling at the University of Santo
Tomas Hospital, Espafia Boulevard, Manila from
September 2018 to June 2024.

Specific Objectives

To obtain all the essential knowledge and data, the
study sought to answer crucial questions as follows:

1. What is the diagnostic accuracy of each genetic
teste

2.What are the different inherited neuromuscular
diseases found among Filipinos?@

3. What are the ages and genders of patients who
were confirmed to have inherited neuromuscular
diseases?

4. What are the expressed traits of every gene that
were classified as a variant of uncertain signifi-
cance?
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METHODS

This is a retrospective study of patients with clinical
suspicion of hereditary neuromuscular and movement
disorders seen and referred at the University of Santo
Tomas Hospital Neuroscience Institute for genetic
evaluation. The said center is on the second floor
of the St. John Macias Building of the University of
Santo Tomas Hospital situated at Espafia Boulevard,
Metro Manila, Philippines. These patients were
seen as outpatients between September 2018 and
June 2024 and were retrospectively included in this
study.

A total of 85 patients, both pediatric and adult,
were suspected to have hereditary neuromuscular
disorder and movement disorder by an adult
neuromuscular specialist, and they were referred to
the Neuroscience Institute at the University of Santo
Tomas Hospital. Fourteen individuals were excluded
from this study upon initial screening based on
the exclusion criteria. The specimens were sent to
Centogene and Invitae located at Rostock, Germany,
and San Francisco, California, respectively. NGS
based panels were requested such as whole
exome sequencing, whole genome sequencing,
comprehensive neuromuscular and comprehensive
neuropathies. The methodology adheres to STROBE

guidelines, shown in Figure 1.

INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria

* Individuals, both pediatric and adult, who are sus-
pected of having hereditary neuromuscular and
movement disorders by clinical presentation.

* Patients were referred to the Neuroscience Insti-
tute at the University of Santo Tomas Hospital be-
tween September 2018 and June 2024.

* Patients who underwent genetic testing (whole
exome sequencing, whole genome sequencing,
comprehensive neuromuscular and comprehen-
sive neuropathies panels)

* Patients evaluated by an adult neuromuscular spe-
cialist at the University of Santo Tomas Hospital
with a clinical suspicion of hereditary neuromus-
cular and movement disorders.

Exclusion Criteria

* Patients diagnosed with neuromuscular and move-
ment disorders that are not inherited or genetic in
nature.

* Patients whose genetic test results are incomplete
or unavailable.

e Patients not referred to the University of Santo To-
mas Hospital for genetic testing.

e Patients seen outside the defined study period of
September 2018 to June 2024.

* Patients who, upon further investigation, are
found to have a diagnosis other than hereditary
neuromuscular and movement disorders.

Assessed for eligibility from
September 2018 and June

2024 (n=85)

ﬂxclusion \

* Diagnosed with neuromuscular and
movement disorders that are not
inherited or genetic in nature.

*  Genetic test results are incomplete or

unavailable.

Individuals enrolled

(n=85)

®  Not referred to the tertiary hospital for
genetic testing

®  Seen outside the defined study period of
September 2018 to June 2024.

® Diagnosis is other than hereditary
neuromuscular and movement disorders

®  Phenotypes highly suspected to be X
Linked Dystonia Parkinsonism whose
samples are sent for free screening to

Analysis of Genetic results of
individuals enrolled

(n=85)

another genetic center in Liibeck,
Germany.

®  Patients who are not of Filipino descent,

as the study focuses on the Filipino
vopulation. /

Figure 1: STROBE flow diagram
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* Patients referred for reasons other than neuromus-
cular or movement disorders.

* Patients with phenotypes highly suspected to be
x-linked dystonia Parkinsonism whose samples are
sent for free screening to another genetic center in
Lubeck, Germany.

* Patients who are not of Filipino descent, as the
study focuses on the Filipino population.

DATA ANALYSIS

The findings will be presented in terms of frequency
and percentages for qualitative variables. The
clinical accuracy of the diagnostic test, which in
this study is the genetic evaluation, will be assessed
by measuring the true/false positive and true/false
negative of said evaluation.

RESULTS

The genetic testing sites interpreted results in the
context of clinical findings, family history and other
laboratory data. The accuracy of genetic festing
was determined based on the classification system
of the American College of Medical Genetics
and Genomics (ACMG), wherein pathogenic
and likely pathogenic variants were considered
positive results, likely benign and benign variants
were considered negative results, and variants of
uncertain significance were reported separately and
interpreted in correlation with the patient’s clinical
findings and family history. Of the 85 patients that
underwent genetic testing, 24 (28.23%) patients
had positive genetic results with neuromuscular or
movement disorders, while 33 (38.82%) had one or
more variants of uncertain significance (VUS) and 28
(32.94%) had negative results. The diagnostic yield
of next-generation sequencing (NGS) was 28.23%
and the proportion of VUS was 38.82%. Notably,
several rare inherited disorders were identified
among patients with confirmed pathogenic variants,
as seen in Table 1.

Of the 24 patients who tested positive for genetic
conditions, seven are pediatric patients (6 males and
1 female) aged between 2 months and 17 years.
The remaining 17 patients are adults (11 males and
6 females) ranging from 20 to 71 years old. All of

them did not report being born to consanguineous
parents. In the pediatric population, the identified
disorders included limb-girdle muscular dystrophy,
Duchenne muscular dystrophy, spinal muscular
atrophy, and GNE-related myopathy. In contrast, the
adult population exhibited a broader range such as
myofibrillar myopathy, Miyoshi muscular dystrophy,
limb-girdle muscular dystrophy, spinal muscular
atrophy, spinocerebellar ataxia, amyotrophic lateral
sclerosis with frontotemporal dementia, early-onset
Parkinson’s disease, Wilson’s disease, Charcot-
Marie-Tooth disease and G6PD deficiency which
presented as painful muscle spasms. The detailed
clinical presentation, genotype and phenotype
correlation for patients who tested positive are
summarized in Table 2.

This study found mutations in 26 distinct genes
as illustrated in Figure 2. The most frequent genetic
alteration was observed in the SMN1 gene affecting
four individuals. This was followed by mutations
in Duchenne muscular dystrophy (DMD) found
in three individuals and DYS in two individuals.
Other genetic mutations involved CAPN3, G6PD,
DES, POLG, SOD1, POMT2, PRKN, ATXN, MYHZ,
SMNT, CPT2, SCN4A, FUS, DMD, PINK1, GNE,
ATP7B, PMP22 and SPGI11. The individuals
confirmed to have autosomal recessive spinal
muscular atrophy, characterized by pathogenic
mutations in the SMN1 gene exhibited generalized
dystonia, hypotonia, progressive muscle weakness
and recurrent respiratory infections. The earliest
age of diagnosis in this cohort was two months.
Moreover, those identified with X-linked DMD
presented with progressive muscle weakness and
flexion contractures.

DISCUSSION

This study investigated the correlation of phenotypic
characteristics and genotype of Filipino adult and
pediatric patients presenting with neuromuscular
and movement disorders. The diagnostic accuracy
of genetic testing in this study was defined based on
the guidelines of the ACMG.

The interpretation of genetic findings was
supported by clinical correlation, family history and
ancillary laboratory data providing a comprehensive
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CAPN3 DMD DYSF G6PD DES

POLG SOD1 POMT2 PRKN ATXN MYH7 SMN1 CPT2 SCN4A

FUS PINK1 GNE ATP7B PMP22 SPG11

Figure 2: I|dentified genes associated with neuromuscular and movement disorders

assessment of diagnostic reliability. The diagnostic
yield of NGS was 28.23% and VUS was 38.82%.
Until this uncertainty can be resolved, precaution
should be observed before utilizing the genetic
test result to supply clinical management decisions.
Among the confirmed genetic mutations presented,
several rare diseases have been identified.

Current literature reveals a paucity of data
regarding the genetic analysis of neuromuscular
and movement disorders in underprivileged
populations, which prompted the establishment
of the International Centre for Genomic Medicine
in Neuromuscular Diseases (ICGNMD) in June
2019, an initiative that is still ongoing. This center
has conducted investigations connecting research
facilities across India, Brazil, South Africa, Turkey,
the United Kingdom, Zambia and the Netherlands.
[5] Among the cohorts, the findings indicated that
18.1% of cases were identified as limb-girdle
muscular dystrophy (LGMD), 15.5% as genetic
peripheral neuropathies (PN), 9.4% as congenital
myopathy or congenital muscular dystrophy (CM/
CMD) and 8.6% as Duchenne muscular dystrophy
or Becker muscular dystrophy (DMD/BMD), with
other conditions accounting for less than 7%. The
most frequently identified genes in solved probands

for congenital myopathies and muscular dystrophies
included STAC3 (28 cases), RYR1 (8 cases) and
COL6A2/3 (5 cases). For Duchenne and Becker
muscular dystrophies, the predominant genes were
DYSF (10 cases), CAPN3 (9 cases) and GNE (3
cases).[6]

Notably, the prevalence of different DMD variants
exhibited significant variability between the Indian
and South African cohorts. Among the 64 solved
Indian participants, 60 (94%) presented with a
deletion, three (5%) with a nonsense variant and one
(1%) with a splice variant, with no Indian patients
exhibiting a duplication. It is important to note that
the population in this study comprised individuals of
European, African and Asian descent. In contrast,
our present study of the Filipino population identified
DMD, DYSF and SMN1 as the most common genes
yielding pathogenic results. [6]

A study conducted by Jogota, et al. identified
several genetic movement disorders that are prevalent
among Asian populations, including Wilson's
disease (WD), spinocerebellar ataxias (SCA) types
12, 31 and 36, Gerstmann-Strdussler-Scheinker
disease (GSS), PLA2Gé-related parkinsonism,
adult-onset neuronal intranuclear inclusion disease

(NIID), paroxysmal kinesigenic dyskinesia (PKD),
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X-linked dystonia-parkinsonism (XDP), dentatorubral-
pallidoluysian atrophy (DRPLA), Woodhouse-Sakati
syndrome, benign adult familial myoclonic epilepsy
(BAFME), Kufor-Rakeb disease and tremulous
dystonia associated with variants of the calmodulin-
binding transcription activator 2 (CAMTA2) gene.
Similarly, our research has also identified individuals
with  Wilson’s disease, spinocerebellar ataxia
(SCA27), variant of young-onset Parkinson’s disease
(PARKN) and various dystonia disorders.[7]

Lastly, studies conducted in other Asian countries
have reported higher diagnostic yields than ours.
For instance, a study from India demonstrated a
diagnostic yield of 87% for neuropathies and 49%
for myopathies.[8,9] Similarly, data from China
and Korea indicated 65% and 75% diagnostic
yields, respectively, using NGS.[10,11] However,
the spectrum of disorders identified in these
studies, including Charcot Marie-Tooth disease,
dysferlinopathy, GNE myopathy, DMD and LGMD is
comparable to the findings in our research.

CONCLUSION

To our knowledge, this is the first study to analyze
a characterization of inherited neuromuscular and
movement disorders in the Filipino population using
NGS. Despite socioeconomic constraints in the
country, there is an increasing awareness among
Filipinos of the importance of genetic testing. The study
yielded a diagnostic rate of 28% with comparable
spectrum of hereditary neuromuscular and movement
disorders to other Asian countries. However, the
occurrence of VUS could be reduced through
family segregation analyses and careful genotype-
phenotype correlations. While these approaches are
complex, particularly due to potential environmental
interactions with the genotype, they are essential for
achieving more precise interpretations.

This study underscores the importance of genetic
testing and suggests that its maximization and
enhanced availability could potentially lead to
significant advancements in therapeutic management
in the future for those with rare diseases, such as
neuromuscular and movement disorders. Continued
efforts in genetic research, particularly in Asia, are
essential for enhancing the understanding of these
conditions.

LIMITATIONS

This study on neuromuscular and movement disorders
among Filipinos is subject to several limitations.
Firstly, the presented data with VUS should undergo
further investigation into their pathogenic or benign
nature. Doing so would require conducting family
segregation analyses with in-depth genotype-
phenotype correlations. This can be resource-
intensive, and such analyses may not be financially
feasible or accessible for the average Filipino
family, limiting the ability to draw more definitive
conclusions about the clinical significance of these
variants.

Secondly, the study is constrained by a relatively
small population size, as it only encompasses
patients referred to the tertiary hospital in Manila
by a specific physician. This referral bias may affect
generalizability of the findings to the broader Filipino
population, as it does not account for individuals
with neuromuscular and movement disorders who
may not have sought or received specialized care.
Consequently, the results may not fully represent the
spectrum of inherited neuromuscular and movement
disorders within the entire Filipino demographic.

ETHICAL CONSIDERATIONS

This study complies with the ethical principles set out
in relevant guidelines, as specified in the Certificate
of Agreement and Compliance in this research, and
fully complies with the Philippine National Ethical
Guidelines 2022 edition.

The principal investigator directly obtained
informed consent using the Informed Consent form
when conducting procedures at the Neuroscience
Institute before the Neuromuscular Profiling/Genetic
Testing procedure. This study is eligible for a waiver
of informed consent under the guidelines set forth
by the National Ethical Guidelines For Research
Involving Human Participants (NEGRIHP), as it
meets the criteria, which are: it poses no risk for
physical, psychological, social, or economic harm
fo participants, and it involves only the description of
cases, clinical profiles, courses of illness and genetic
testing results. Moreover, this is purely observational
and does not involve any interventions with patients.
The study ensures the confidentiality and anonymity
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of participants, thereby adhering to the ethical
standards for waiver of consent.

The study is not company-sponsored or industry-
funded. It is investigator-initiated and the subjects
were patients of the co-author of this retrospective
study. There are no conflicts of interest in this study.
All of the patient’s identity and personal data
were not included in the study and identifiers were
removed from the manuscript. The data will be
accessed securely by the Principal Investigator and
will be protected from illegal or inadvertent access
by other people. It will also be stored for five years
and will be deleted thereafter.

All data conveyed from this study will benefit
future patients with the same clinical course and
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