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Abstract

Background: Charcot-Marie-Tooth disease (CMT) is the most common inherited petipheral neuropathy by
high clinical and genetic heterogeneity. Although many studies reported from East Asian countries, data from
West/South Asia remain limited. The cutrent study aimed to summarize available epidemiological, clinical and
genetic data of CMT patients in Asia.

Methods: We searched PubMed, Scopus, Web of Sciences, Nature, Google Scholar, Science Direct, and Wil-
ley for relevant published articles between 2003 until Feb 2023, according to PRISMA guidelines. Articles were
screened for epidemiological, clinical and genetic information. Inclusion required published mutation frequen-
cy or genetic variant in CMT patients. The Q-Genie tool and Newecastle-Ottawa (NOS) were used to evaluate
the quality of genetics and observational studies, respectively.

Results: Out of 320, 32 screened articles met the inclusion criteria. Most studies were reported from China (n
= 12), Japan (n=7), and Korea (n=0). The axonal CMT was the frequent type (50%), followed by demyelinat-
ing (28%) and intermediate (9%) types. Autosomal dominant (AD) inheritance was observed in 62% of genet-
ically confirmed cases. Frequently mutated genes were GDAP7, MPZ, and JGB17, which have been found most-
ly in the East Asia.

Conclusion: This systematic review reports substantial knowledge gap in West/South Asian CMT reseatch.
The review emphasized the urgent need to use comprehensively of next-generation sequencing (NGS) to un-
cover new mutations and improve diagnostics in West/South Asian. Future region-specific cohort studies and
registries can be essential to identify frequent variants and fill the diagnostic gaps.
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Introduction

Charcot-Marie-Tooth disease (CMT), alternative- muscles and weakness in the distal regions, along
ly referred to as hereditary motor and sensory with diminished sensation in the same areas. Ad-
neuropathy, encompasses a diverse range of in- ditionally, individuals with CMT may experience
herited neuropathies. This group of neuropathies foot deformities and exhibit reduced reflexes in
is categorized by the gradual deterioration of tendons (1,2). CMT can be inherited through dif-
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ferent modes, including autosomal dominant
(AD), autosomal recessive (AR), and X-linked
inheritance. However, sporadic cases, which oc-
cur without a clear hereditary pattern, have also
been widely documented (3). CMT is commonly
classified into three types based on their electro-
physiological properties, namely demyelinating
(CMT1), axonal (CMT2), and intermediate Int-
CMT or (ICMT) (4). CMT1 is characterized by a
significantly slow motor nerve conduction veloci-
ty (MNCV) (< 38 m/s) in the upper limbs. Nerve
biopsies of individuals with CMT1 typically re-
veal segmental de- and remyelination, along with
the formation of onion bulbs. These onion bulb
formations indicate abnormal changes in the my-
elin sheath surrounding the nerve fibers. In
CMT2, the MNCV is either normal or slightly
reduced (> 38 m/s) in the upper limbs. Histo-
pathological analysis of nerve samples from
CMT?2 patients reveals signs of axonal impair-
ment, including axonal loss and the presence of
regeneration clusters. ICMT is identified by
MNCV ranging between 25 and 45 m/s in the
upper limbs. In ICMT, there are features that
present a combination of both demyelination and
axonal degeneration (3,5). CMT is a complex ge-
netic condition with a wide range of associated
genes. To date, researchers have identified over
100 genes that play a role in the development of
CMT. However, a significant majority of genet-
ically diagnosed cases, more than 90%, can be
attributed to mutations in just four genes, namely
PMP22, G]B1, MFN2, and MPZ (6).

The prevalence of CMT in Asia varies across dif-
ferent regions and populations. Unfortunately,
there is limited comprehensive data available spe-
cifically for the prevalence of CMT in Asia as a
whole. However, studies conducted in some
Asian countries provided epidemiological in-
sights. Prevalence rates may differ among various
ethnic groups within a country as well. Addition-
ally, the prevalence of CMT can vary within dif-
ferent subtypes of the disease (CMT1, CMT2,
etc.). It can be influenced by factors such as ge-
netic variations, environmental factors, and
population demographics. Further research and
studies are necessary to obtain a more compre-
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hensive understanding of the prevalence of CMT
in Asia and its specific variations among different
countries and populations within the continent.

Methods

The present study is a systematic review conduct-
ed following PRISMA 2020 guidelines. We fol-
lowed a structured methodology to ensure trans-
parency and reproducibility as below. Further-
more, as the current study is based solely on pre-
viously published data, the ethical approval was
not required.

Search strategy

The literature search was comprehensively con-
ducted across six databases: PubMed, Scopus,
Science Direct, Willey, Web of Sciences, and
Google Scholar. The search covered publications
from January 2003 to February 2023 through a
combination of Medical Subject Headings
(MeSH) and free-text terms including “Charcot-
Marie-Tooth disease” OR “CMT” OR “heredi-
tary motor and sensory neuropathy” AND
“Asia” OR “the name of each country located in
Asia continent”. References of included studies
were also screened manually to identify additional
eligible articles. Original studies involving Asian
patients diagnosed with CMT in which the fre-
quency or types of genetic variants were reported
and included relevant clinical or demographic
data; were included. Exclusion criteria wetre re-
views, editorials, case reports, animal or in vitro
studies, and studies lacking genetic information
or appropriate data. In addition, studies in Eng-
lish language were reported to warrant to con-
sistency and quality of our review.

Selection criteria

Two group members (S.K. and Z.K.) selected the
papers independently and discussed with N.A.M.
to solve the disagreements. Studies met the fol-
lowing criteria included in the systematic review:
1) comparative studies with/without a control
group, and 2) studies reported the frequency of
mutations in Asia. Excluded from our study
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were: 1) conference abstracts, comments, letters,
animal studies, reviews, case reports, and in vitro
studies; 2) duplicate publications; and 3) studies
that lacked sufficient data for calculating the de-
sired parameters.

Selection of studies

Reviewers independently screened all titles, ab-
stracts, and full-text articles. All these articles
were physically downloaded and imported into an
Excel file by one author and analyzed the articles
before submitting them to the second author to
cross-check the accuracy. Any disagreements be-
tween the authors were solved by consensus and
discussion.

Data extraction process and assessment of
methodological quality

One researcher extracted data from the studies
included in this review. A second researcher
checked the accuracy of the extraction process.
Any discrepancy was resolved through discussion
and consensus, ensuring approval at each step of
the finalization process. Data extracted from eli-
gible studies including study design, country,
sample size, CMT subtype, inheritance pattern,
age of onset, genetic testing method, and report-
ed gene mutations.

Quality assessment was performed using Q-
Genie for genetic studies (7) and the Newcastle-
Ottawa Scale (NOS) for observational studies (8).
Q-Genie evaluates 11 domains related to study
design, statistical methods, and interpretation of
findings, while NOS assesses selection, compara-
bility, and outcome reporting (7,8). We reported
scores as high, moderate or low based on validat-
ed thresholds. Studies, which scored high and
moderate, were included in the current review.
However, in the present study, a meta-analysis
was not performed because of significant hetero-
geneity in genetic testing methods. A narrative
synthesis was used to sum regional gene frequen-
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cies, CMT subtypes, inheritance patterns, and
clinical observations.

Results

An initial 320 records were identified. We rte-
moved 246 articles after screening for titles and
abstracts. The remaining 74 records were consid-
ered for the full review, after which we removed
20 records for reasons of missing key data, the
letter to the editor, or review articles and 22 arti-
cles were removed after assessing by qualitative
tools (Fig. 1). Finally, 32 articles from China
(n=12), Japan (n=7), Korea (n=6), Vietnam
(n=1), Iran (n=2), Lebanon (n=1), Taiwan (n=1),
Pakistan (n=1), and India (n=1) fulfilled our se-
lection criteria and were included in the review.

Epidemiology and Clinical Expression of
CMT

This review of 32 studies on CMT found that the
axonal CMT type in Asia was about 50%
(n=16/32) of the studies, followed by the demye-
linating type in approximately 28% (n=9/32) and
the intermediate form in about 0.09% (n=3/32).
The mean age of onset was 16 £ 5 yr that most
studies were from China, Japan and Korea. How-
ever, there were limited studies to explain clearly
the prevalence of CMT in other regions in Asia,
including West/South Asian countries like India,
Iran, Pakistan, and Lebanon.

Previous studies reported the demyelinating CMT
type in China at 47-75% (5,9,10), followed by the
axonal type at 29-65% (5,9) and the intermediate
form at 18% (5). In Japan, the axonal CMT type
was between 30-60%, and the demyelinating
CMT type was between 28% and 54% (11,12). In
Vietnam, the demyelinating, axonal, and interme-
diate CMT types were reported in 51.6%, 38.7%,
and 9.7%, respectively (13).
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Pubmed Web of science

Scopus Others

120 31

165

Total number of records found through data searches
(n:320)

Removed duplicates, conference
abstract, missing fulllength and non
relevant articles
(n:246)

review

(n:74)

Total number considered for full

Articles removed for reasons
of missing key data, letter to
editor, review articles

(n:20})

Articles were remove after assessing
by qualitative tools
(n:22)

(n:32)

Total studies included in this review

Fig. 1: Flow chart of studies selection

The disease started mostly in the first two dec-
ades of life, but later onset cases were also re-
ported. Starting symptoms included muscle
weakness, atrophy, gait disturbance, pes cavus,
and absent deep reflexes (14—17); while only few
cases reported scoliosis, claw hand, impaired
hearing, numbness and episodic pain, hypetlexia,
and flat feet as the less common starting symp-
toms in CMT patients (4,12,15,18,19). In India,
unique symptoms were reported, such as im-
paired vision, hearing (5,20), facial palsy (20), im-
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paired cognition (2,20), seizures, pyramidal signs,
slow tongue movements, and psychosis. A study
from Korea focused on mutations in several
aminoacyl-tRNA synthetase (ARS) genes, a high
frequency of hand muscle atrophy was observed
in patients with GARS7 variants (4). In addition,
one study from Iran, focusing on the membrane
metalloendopeptidase (MAME) gene reported im-
paired temperature and pain sensation in extremi-
ties as one of the symptoms of CMT (16) not
observed frequently in the most of studies.
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The prevalence of CMT in Asia is limited due to
the lack of detailed studies and the lack of precise
classification of different types (2,21,22).

Variants with High Frequency

Several techniques have been used to identify the
causative genes associated with CMT over time.
Next generation sequencing (NGS) and whole
exome sequencing (WES) were the most com-
mon methods used to identify causative genes in
CMT. The results showed the frequency of muta-
tions in multiple genes in Asia, including PMP22,
GJ/B1, MFN2, NDRGT1, RAB7, SORD, MORC?2,
MPZ, GDAP1, CX32, SH3TC2, PRX, FGD4,
BCIL.2, NEFL, GARS1, KIF1B, FIG4, MME, and
IGHMBP. Supplementary Table 1 showed all in-
formation related to the previous studies in detail
and the detail of the novel mutations in different
regions in Asia.

In China, several studies have reported novel mu-
tations in many genes such as RAB7 that has
been associated with CMT2B and a novel muta-
tion p. Asnl6llle in the potential mutational
hotspot region (23). SORD is another gene show-
ing three novel variants, likely pathogenic, includ-
ing p.P244L, p.A259V, and p.L.284P, together
with p.A253Qfs* 27 frame shift) (19). MORCZ?
also is associated with the high rate of mutations
among Chinese population, revealing novel vari-
ants in CMT2 in the N-terminal ATPase module
(18). GDAPT gene has been evaluated the fre-
quency of several studies in China, showing three
novel variants, including p.L26R, p.S169fs, and

c.0694 + 1G>A (3,14). Furthermore, NDRGT7
¢.595-2A>G) relatively showed high frequency of
mutations among CMT1A patients in the South-
East China (5). G/B7 has been reported as one of
the common genes in different types of CMT,
particularly with the new identification of a mis-
sense mutation c.605T>A) in GJB7, associated
with CMTX (24). Table 1 showed the novel vari-
ants of other genes in CMT in detail.

In Korea, some genes have been reported as the
genes with high frequency of mutations, with the
extracellular 2 (EC2) domain of GJB7 protein
identified as the hot spot mutation domain in
44% of Koreans beside nine mutations were not
previously reported (25). Charcot-Marie-Tooth
disease type 4H (CMT4H) is an autosomal reces-
sive demyelinating subtype of peripheral neurop-
athies caused by mutations in the FGD4 gene.
Exon sequencing revealed novel compound het-
erozygous mutations in FGD4 as the underlying
cause in cases p. Arg468Gln and ¢.1512-2A>C in
FC73, p. Met345Thr and ¢.2043+1G>A p.
Trp663Trpfs*30) in FC646) (20).

In Japan, the frequency of mutations in some
genes MPZ, MFN2, GJB1, and GDAPT) have
been higher than other genes in CMT. Three my-
elin-related protein gene abnormalities, PMP22
duplication, MPZ mutations, and CX32 muta-
tions, resulted in a wide variety of demyelinating
and axonal features and substitutional mutations
(12,17,27). Other novel variants in various genes
among Japanese have been presented in Table 1.

Table 1: Genetic characteristics included in this study

‘ ID Country  Prevalence CMT type Disease

1 Lebanon 13 CMT1A AD) PMP22
CMT4F AR) PRX

CMT4H AR) FGD4

2 Japan 7.90 CMT2 MFN2

3 Taiwan 0.57 CMT2 AR) BCL.2

4 Korea 14.80 CMTX1 AD, GJB1

AR)
2203

genes

Variants Quality  References
score
1.5-Mb duplication at 17p11.2 High (31)

c.586C > T p. Argl196+*
¢.1698G > A p. Met5661le

154G >A, ¢.326A>G, High (12)
¢389C>T, ¢.658G>A
€.269C>T; ch11:62469965G>A High ©28)

c.283G>A, c.47A>G, c.112G>T, High
c.139G>A, c.157T>C, (32)
c.328G>A, c.414C>G
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66.70

87

30.00

1.63

2.78

NR

NR

12.60

1.22

2.37

NR

62.50

CMT1 sporadic)

CMT1X X-
linked)
CMT2A AD)

CMT2A AD)

CMT4C
AD/AR)
CMT4H AR)

CMT

CMT2K AR,
AD)
CMT2K AR)

CMT2 Domi-
nant), CMT1
Dominant),

CMT?2 Isolated),

respectively
CMT1 De no-
vo), CMT1 X-
linked Domi-
nant)
CMT?2 Isolated)

CMT1 Domi-
nant)
CMT

CMT4 AR)
CMT1
CMT2D

CMTDID
CMT2W
CMT
CMTDIC
CMT2 AD, SF)

CMT?2 sporadic)
CMT1

CMT2
CMT1, 2
CMT2
CMT2K AR,

AD)
CMT2B

CMT1A-
duplication Iso-
lated)
CMT1A-
duplication X-

linked dominant,

Isolated)
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Table 1: Continued...

NDRG1
GJB1

MFN2
MFN2
SH3TC2
FGDA4
GJB1, MEN2,
MPZ
GDAP1
GDAP1

MPZ

GJB1

NEFL
PMP22

SLC12A6
SH3TC2

GARST
AARST
HARST
WARST
YARST
MORC2

SORD
GJB1

MFN2
MPZ
IGHMBP2
GDAP1

RAB7

MPZ

Cx32

c.595-2A>G
cT617A p.V206E)

c.G284C p.RI5T)
c. 605G>A/p. Gly202Asp,/ Het
c. 1105C>T/p. Atg369Cys/Het

c. 1062_1063insT/p
NR

c.122G>A, ¢.603delT, c.112C>T,
c.043G>A, c.113A>G
c.T77G Het), ¢.505_511del Het),
c.694+1G>A Hom)
c.352G>A, c.449-1G>T,
c.706A>G

c408T>C , c.502T>C

c.1001T>C
c.318delT

c.865G>A, c.1731_1733del,
€2036A>C

.2872_2872del, ¢.3710C>T and
.2782C>T
c2171C>A

c.1168C>T

c1147A>G
c.751G>A, c.1067A>T

c497A>G

c.1397A>G, c.260C>T,
c.754C>T, c.1220G>A
c.757 del G, ¢.757 del GM ¢.776
C>T, ¢.731 C>T, c.851 T>C
c.—16-12_—16-
2delGGTGTTTTGCA
¢.295G>A, c.1835C>T

¢301T>G, ¢.379T>C
c.1814G>A, ¢.2215delA
p.H256R

p. Asnl611le

c449-1G>T

c.022G>A, c.643C>T

High

High

High
Moderate
Moderate

High

Moderate
High

High

High
Moderate

High

Moderate
Moderate

High

®)

(20)

1)
©)

(14)

33

G

O]

(18)

19)
)

(33

23)

(10)
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Table 1: Continued...

20 Japan ~25 of de- Axonal CMT, MPZ c.235-1G4C, c.278GA4C, Moderate
myelinating Demyelinating c410G4C
CMT CMT (36)
Axonal CMT, GJB1 c.124A4C, c.247_256del10
Demyelinating
CMT
Axonal CMT MFN2 ¢.310C4T, c.476C4T, c.2171T4C
Demyelinating PRX ¢.875-906del32; ¢.915-923dup9;
CMT c.924A4T; c.927T4G
Axonal CMT GDAP c.740C4A) + c.845G4A)
21 Japan 45.30 CMT1 AD, MPZ p. His81Asp, p. Ser111Tyr, p. Moderate 27)
sporadic) Val142Asp
22 China NR CMTX1 GJB1 c.605T>A High
(24
23 Korea 5.30 CMTX Domi- CX32EC2? c.454delG, c¢.458T>G, ¢.536- High (25)
nant) domain) 537insACTG
24 China NR CMT1 AR) SH3TC2 c.283C>G, c.3143T>C, High (15)
c.3313G>A
25 | Japan NR CMT1 PMP22 Duplication of PMP22 gene High a7
MPZ Asp35Tyr, 1le62Phe, Ser63del
Cx32 Ser26Leu, Thr55Ala, Gln57His
26 = Vietname 41.90 CMT1E PMP22 c.281delG High (13)
CMT1F NEFL c.64C> A
27 Korea 0.70 CMT4H AR) FC73 novel c.1512-2A>C High
componnd heter- (26)
03)g01s mnta-
tions in FGD4)
CMT4H AR) FC646 novel c.2043+1G>A
compound heter-
o0zygons muta-
tions in FGD4)
28 Korea 0.7 of 1,143 CMT2K AD) GDAPT p- R120W Moderate 37
CMT2K AD) GDAPT p- Q218E
CMTRIA AR) GDAPT H256R+H256
29 China NR CMT MPZ c.389A>G High
(22)
30 = Pakistan NR CMT4C SH3TC2 €.2599C>T, ¢.3650G>A Moderate (29)
CMT4G HK1 c.19C>T
CMT2A2B MFN2 c.334G>A
31 Iran 60.86 CMT1C LITAF c.271C>T Moderate 30)
CMT4D AR) NDRGT ¢.205+1delG
CMT2A1 KIF1B c.2455A>C
CMT4] AR) FIG4 c.1728A>G
32 Iran NR CMT2 AR) MME c.1564C>T Moderate (16)
In Vietnam, the most frequent causative gene was observed in PMP22 ¢.281delG (p.94Afs*17)
alteration was PMP22 (29%), followed by MFN2 (13).
(6.5%) with two de novo variants, NEFL (c.64C There are few articles to clearly identify the
> A p.P22T). Additionally, frameshift mutation common variants of CMT in other countries. A
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study conducted in Taiwan identified two hetero-
zygous missense variants in BSCLZ2, and five
pathogenic homozygous mutations in SH3TC2,
HK1, and REEPT (28). In India, 62 variants were
identified, harboring novel mutations associated
with genes like MFN2, SH3TC2, WNKI, and
GDAPT (20). In Pakistan, five pathogenic homo-
zygous mutations were identified (29). Two stud-
ies from Iran found novel mutations in I.ITAF,
NDRGT, KIF1B, FIGF, and MME genes, and a
nonsense mutation in MME gene (16,30). In
Lebanon, a common study with France reported
some genes and variants, with a prevalence of
CMT at about 13% (31). SH3TC2 has been re-
ported as a common related-CMT gene across
Asia continent (5,9,21,29-31); however, more
studies are needed to clarify mutations and relat-
ed-CMT variants in other countries.

Discussion

This systematic review provides an extensive
overview of the genetic and clinical aspects of
Charcot-Marie-Tooth throughout Asia 32 studies
(from 10 countries over the last two decades),
highlighting a significant gap of knowledge in
genotype profiles of CMT patients, particularly in
West and South Asian countries. The globally
estimated prevalence of CMT is around 17.69 per
2500 individuals making the disease as the most
common neuropathy (38). However, our study
indicated that the CMT regional prevalence rate
is underreported or absent in Asia- particulatly in
South and West of the continent. East Asian
countries such as China, Japan and South Korea
have contributed the majority of data. Many
Asian countries have not conducted population-
based research or national registration due to the
limited infrastructure, access to health care sys-
tems, availability of genetic tests, and genetic
consulting for inherited neuropathies.

Clinical patterns and subtype distribution

Our systematic review found that axonal CMT is
the most common subtype (50%) followed by
demyelinating (28%) and intermediate (9%)

Available at:  http://ijph.tums.ac.ir

CMTs. This observation was in contrast to large-
scale studies in which CMT1 demyelinating form
reported as the most common type (6,38,39).

The observed predominate of CMT2 in Asia may
reflect true genetic differences or underdiagnosis
of CMT1. Demyelinating variants are more
common in Africa (58.3%) (6). This closeness
between studies implies that the clinical manifes-
tations of CMT retain some consistency across a
variety of populations, even in the face of varying
genetic backgrounds. CMT patients typically ex-
perience symptoms between the first and second
decade of life. While the main clinical features
such as primarily distal muscle weakness
(3,5,17,19,20,24,25), were consistent with other
reports, several unique symptoms like poor vi-
sion, hearing, facial palsy, impaired cognition,
seizures, pyramidal signs, delayed ton, and psy-
chosis were more prevalent in South Asia (20). In
addition, despite slow progress of CMT the rapid
progress has been observed (3,19,26). These find-
ings highlight the broader neurological symptoms
neglected in routine clinical assessments and sug-
gest considering regional diagnostic protocols.
Most instances and families showed dominant
form of CMT (n=20/32), followed by recessive
inheritance (n=15/32), and then X-linked CMT
(n=0).

However, it is crucial to consider under-reported
cases in Asia (3,9,11,30) and highlight genes with
high frequency in different regions, such as
GDAP1, MPZ, and GJB1.

Asian genetic landscape of CMT

GDAP1

Mutations in GDAPT ganglioside-induced differ-
entiation-associated protein (1) were among the
most frequently reported in Asian-based studies
(11/32), despite studies which found its low fre-
quency rate in Asia (11,35,37,40). Novel variants
were identified in several studies in China, Japan,
India and Iran. Mutations in GD.APT typically
causes AR or AD CMT2K. Chen et al shown
mutations of this gene are loss of function and its
dysfunction may lead into mitochondrial impair-
ing which usually pathologically affect muscle and
nervous tissues (5). H256R variant was the most
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frequent in GDAPT associated-CMT. Common
features of Chinese patients harboring H256R
were early age of initial symptoms and moderate
severity and axonal subtype (3). In India and Iran,
novel mutations such as P66R and P144L and
¢.802_803delTG have also been reported (20,30).
In Europe mutation in this gene accounts for 7-
14% of CMT (41-43). In West Asia because of
the consanguinity, the higher rates of GDAPT
mutations are anticipated.

MPZ

MPZ (Myelin protein zero) contributes to onset
of demyelinated (CMT1B) and axonal (CMT21/])
subtypes (44). In our review, 10 studies, especially
from Japan and China, found MPZ mutations.
Intriguingly, Hattori et al from Japan found many
variants among siblings in families, causing dis-
tinctive subgroups with a demyelinating or axonal
phenotype. Neural deafness and pupillary ab-
normality in axonal patients were observed, indi-
cating a common mechanism causes axonal phe-
notype and mentioned symptoms (17). In Chi-
nese cohorts, novel variants (like K130R causing
different subtypes of CMT and T34N causing
CMT1) were observed with AD inheritance
(5,22). Song et al from China found one mutation
in MPZ and two mutations in CX32 in Chinese
CMT1 patients, indicating no ethnic difference in
the distribution of the mutation (10). Choi from
South Korea suggested that the MPZ mutation
rate was similar to those reported in other ethnic
non-duplicated CMT groups (33). CMT pheno-
types caused by MPZ variants varies from severe
pediatric onset to mild adult onset (27). However,
the lack of data in West Asian countries prevents
more accurate reporting of CMT frequency in
West/South Asian regions.

GJB1

Another common gene GJ/B7 (gap junction beta-
1), associated with CMTX, was reported in many
studies (n=9/32). CMTX is identified as the sec-
ond-most common form of hereditary motor and
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sensory neuropathy and accounts for up to 15%
of all CMT cases worldwide that is usually caused
by mutations in GJB1 gene (5). Studies in the
current review did not mentioned difference of
frequency between Asian countries and Europe
and mutated GJB7 is frequently reported in Asia,
for instance this gene was involved in of CMT
cases 9- 23% in China (45,46). Additional novel
mutations reported in studies from China (c.605
T>A, c.-16-8_-14del), South Korea (c.22A>C),
Vietnam (c.43C > T), and Japan (c.397delT)
(13,32,47). Our findings confirm the similarity
between GJB7 mutations in Asians and non-
Asians; while, novel reported variants highlight
the significance of local database establishment
and functional validations.

PMP22

PMP22 (peripheral myelin protein 22) duplication
is the most prevalent cause of CMT1; however,
some studies from East Asia suggested less in-
volvement of this gene in CMT cases continent
(48,49). This observation proposed the potential
region-specific variation or diagnostic bias.

Emerging CMT genes

Our review bring light to escalating importance
of novel gene variants causing CMT in Asia (Fig.
2). Numerous reported genes from Asia are rarely
mentioned globally. For instance, novel muta-
tions of SH3TC2 commonly associated with AR
CMT4 and FGD4 associated with CMT4H were
reported in India, Pakistan and China
(15,20,29,34), Lebanon, and Korea (20,26,31). A
systematic review from Africa highlights LMNA,
GDAP1, and SH3TC2 as being prominent
emerging genes, with a significant shift towards
AR inheritance in 91.2% of instances (6). This
review and the recent study on CMT in Africa
highlight the genetic heterogeneity of CMT and
the need for developing comprehensive genetic
testing instead of traditional four-gene panel.
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Fig. 2: Novel genes reported in respective Asian countries

Regional comparison

This review outlines a wide inconsistency in CMT
research in Asia, with most work concentrated in
East Asia (China, Japan, and South Korea) leav-
ing scarce data from West and South Asia India,
(Pakistan, Iran and Lebanon). CMT2 dominates
in East Asia, with repeated mutations in the
genes GDAP1, MPZ, GJB1, and MFNZ2. Infre-
quent GDAPT mutations were specifically noted
among Chinese and Korean patients, indicating
regional specificity (3,14,35-37). In contrast,
West and South Asian populations have a higher
frequency of AR-CMT in line with common con-
sanguinity and SH3TC2, MME, and NDRGT
mutations (5,16,20,29,30,34). More generalized
clinical manifestations, including facial palsy and
intellectual impairment, were more commonly
reported in these populations. In addition, East
Asia is assisted by greater use of advanced genetic
screening methods like NGS, while limited re-
sources in West/South Asia could result in un-
derdiagnosis. Greater genetic facilities and Asian
databases are essential to more balanced, com-
prehensive CMT studies across Asia.

Limitations

This is the first systematic review focused specifi-
cally on the clinical and genetic landscape of
CMT in Asian populations, yet there are a num-

Available at:  http://ijph.tums.ac.ir

ber of limitations that need to be noted. First,
there were heterogeneous methods of genetic
testing, with older literature using targeted Sanger
sequencing whereas studies that are more recent
used wider NGS or WES panels. This produced
substantial bias, and for this reason, we chose not
to undertake a meta-analysis. Second, the wvast
majority of studies had no functional assays or
control group, limiting the potential for confirm-
ing pathogenicity of variants. Third, prevalence
data are still unavailable for most Asian countties,
making it impossible to make solid epidemiologi-
cal inferences and perhaps underestimating the
true burden of CMT in the region. To overcome
these obstacles in future, researchers should fo-
cus on: establishing national registries centers
throughout Asia; developing designed genetic test
based on specific- genetic of a nation; establish-
ing region-specific data bases; and conducting
collaborative cohort studies on CMT epidemiol-
ogy and genetics in Asia.

Conclusion

CMT is not rare, and is probably underreported
in Asia, especially in West/South Asian countries
and briefly describes the current clinical and ge-
netic profile. The genetic epidemiology of CMT
in these Asian regions could lead to new discov-
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eries important to the global research effort for
therapeutic perspectives and invite researchers
from West/South Asian countries to start new
research of CMT with aim to provide and report
more comprehensive profile of CMT in these
Asian countries. The increasing access to NGS
technologies offers to Asian scientists a perfect
opportunity to fully describe relevant or novel
variants in known genes, and also to discover
novel CMT-associated genes that may improve
our understanding and care of this condition in
Asia, especially in West/South Asian countries
that there are not comprehensive and precise
profile of them.
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