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Introduction:We aimed to clarify when adult patients with Charcot-Marie-Tooth disease

type 1A (CMT1A), especially those diagnosed at middle or advanced ages, first showed

symptoms and whether the rate of disease progression is accelerated by aging.

Methods: Medical records of CMT1A outpatients between 2012 and 2019 were

reviewed. The age at diagnosis, age when symptoms first appeared, and rate of

disease progression, assessed based on clinical outcome measures including the CMT

Neuropathy Score (CMTNS), Rasch-modified CMTNS (CMTNS-R), CMT Examination

Score (CMTES), and Rasch-modified CMTES (CMTES-R) were analyzed.

Results: Among 45 adult CMT1A patients, 42% had been diagnosed after 50 years of

age, whereas 91% of all patients had exhibited some CMT-related symptoms before 20

years of age. The annual increase of all clinical outcome measures did not differ between

patients under and over 50 years. Even when limited to patients whose initial CMTES-R

showed mild to moderate severity, the rate of change in CMTES-R did not differ between

the two age groups (the annual mean ± standard deviation, under 50 years: 1.1 ± 1.0,

and over 50 years: 0.9 ± 1.1, p = 0.68). To determine whether patients with disabilities

at a young age have a higher deterioration rate, they were classified into three groups

according to their current age and age at diagnosis: patients under 50 years of age,

patients over 50 years of age but diagnosed before 50, and patients diagnosed after 50

years of age. The mean annual increase of all clinical outcome measures, however, did

not differ among these groups (CMTES-R: 1.03 ± 1.01 vs. 0.94 ± 1.57 vs. 0.81 ± 0.88,

respectively, p = 0.87).

Discussion: CMT1A patients develop symptoms in childhood and adolescence even

if such symptoms are not noticeable until reaching an advanced age. Deterioration

rates of clinical outcome measures are constant irrespective of the age in their

adulthood, although we cannot rule out the limitation that the difference did not reach

significance because of the small number of patients. Being aware of the existence of a

considerable number of undiagnosed CMT patients will help promote the avoidance of

inadequate medication.
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INTRODUCTION

Charcot-Marie-Tooth (CMT) disease is one of the most common
inherited peripheral neuropathies, with more than 80 known
causative genes (1, 2). Among various CMT subtypes, CMT1A
is the most prevalent genetic form, which constitutes about
60% of patients with genetic diagnosis (3). CMT1A is caused
by the duplication of chromosome 17p11.2, which contains
the Peripheral Myelin Protein 22-kDa (PMP22) gene (4).
Predominant symptoms are slowly progressive distal muscle
atrophy, sensory loss, and foot deformities. The disease onset
is usually in the first or second decade of life (5); however, not
all patients are diagnosed in childhood. Indeed, there have been
several reports of undiagnosed adult CMT patients found to have
the disease after the exacerbation of neurological symptoms due
to medications (6–8). It was reported that such patients had, in
retrospect, shown overt CMT-related features before receiving
medications. Undiagnosed adult CMT patients are considered to
be young at onset; however, there is no precise information on
whether patients diagnosed with CMT in adulthood, especially at
middle or advanced ages, develop the disease in the first or second
decade of life.

Whether the disease progression rate increases with aging
is also a matter of debate. Some authors reported that the
rate of disease progression is relatively constant, while others
indicate that deterioration is accelerated by aging (9–12). If aging
accelerates progression, we should be more careful in the clinical
management of older CMT1A patients.

We conducted this retrospective study to investigate when
adult CMT1A patients, especially those diagnosed at middle or
advanced ages, first showed symptoms and whether the rate of
disease progression is affected by aging.

MATERIALS AND METHODS

We retrospectively analyzed the clinical course of adult CMT1A
patients by reviewing medical records. The study protocol was
reviewed and approved by the institutional ethics review boards
of Kyoto Prefectural University of Medicine.

Patients
We collected clinical data on all consecutive CMT1A patients
aged 20 years or older who visited the Neurology Clinic of
Kyoto Prefectural University of Medicine between 2012 and
2019. The diagnosis of CMT1A was based on the results of
family history-taking and genetic testing for PMP22 duplication
using fluorescence in situ hybridization (FISH, LSI Medience
Corporation, Tokyo, Japan). Medical interview, physical
examination, and a nerve conduction study had been conducted
at least once for all patients. Trained neurologists performed
history-taking and physical examination. Board-certified clinical
neurophysiologists carried out nerve conduction studies.

Clinical Parameters
Demographic data including age and sex, past medical history
and family history were reviewed. In this study, we collected
information about “the age at diagnosis,” which was defined

as when a patient diagnosed with CMT1A. Additionally, to
investigate when CMT-related symptoms appeared, we collected
information about “the age at which symptoms first appeared,”
which was defined as the time when patients initially noticed
or showed distal dominant sensory-motor impairment. Notably,
most Japanese elementary schools conduct annual athletic
performance measurements of their students (children aged 6–12
years), and sprinting abilities are also evaluated in most students.
For this reason, we asked patients whether they had sprinting
difficulties in childhood in addition to classical CMT-related
symptoms like foot deformities or gait difficulties.

Clinical Outcome Measures for CMT
Clinical outcome measures for CMT including the CMT
Neuropathy Score (CMTNS, version 2), Rasch-modified
CMTNS (CMTNS-R), CMT Examination Score (CMTES), and
Rasch-modified CMTES (CMTES-R) were evaluated by trained
investigators (13–15). Themost recent data were used for analysis
of the current status. The disease severity based on CMTES-R
was classified into three groups: mild 0–9, moderate 10–18,
and severe = or >19 (15). Considering that a previous report
suggested that motor decline in CMT1A patients accelerated
after 50 years of age (12), patients were divided into three groups
according to their current age and age at diagnosis of CMT: (1)
patients under 50 years of age, (2) patients over 50 years of age
but diagnosed before 50, and (3) patients diagnosed after 50 years
of age. The annual changes in CMTNS, CMTNS-R, CMTES, and
CMTES-R were calculated as follows: the difference between the
initial and most recent data was divided by the observational
period (from the date of the initial score to that of the most
recent score) to show the change in these scores per year. For
analysis of the annual change, we excluded the following patients:
those who had received only a single assessment, and those with
medical histories potentially influencing neuropathic symptoms
(i.e., diabetes mellitus, chemotherapy, and orthopedic surgery)
from 2012 to 2019.

Statistical Analysis
All data are shown as the mean ± standard deviation (SD).
The average and annual change of CMTNS, CMTNS-R,
CMTES, and CMTES-R during adulthood were analyzed using
the Mann-Whitney test for two groups or one-way ANOVA
for three groups. Statistical analysis was performed using R
version 3.4.2 (www.r-project.org). An alpha value of <0.05
indicated significance.

RESULTS

Patients
Forty-five patients were identified, and their characteristics are
shown in Table 1. Of all patients, 4 had diabetes mellitus,
which exacerbates CMT symptoms (16). No patients received
chemotherapy or orthopedic surgery from 2012 to 2019. Most
patients were ambulatory, and one patient with diabetes mellitus
was wheelchair-dependent. Among the 45 patients, 40 directly
showed PMP22 duplication by FISH, and the remaining 5 had
parents or siblings with PMP22 duplication. The distribution
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TABLE 1 | Patients characteristics.

Variable

Sample size, n 45

Sex, % male 42

Age, mean ± SD, y 56.9 ± 15.0

CMTNS, mean ± SD 17.1 ± 6.4

CMTNS-R, mean ± SD 21.7 ± 7.4

CMTES, mean ± SD 11.9 ± 5.5

CMTES-R, mean ± SD 15.5 ± 6.3

Family history

Patients with relatives already diagnosed with CMT, n (%) 10 (22)

Patients with relatives secondarily suspected of CMT, n (%) 9 (20)

Patients w/o relatives showing CMT symptoms, n (%) 19 (42)

Unknown, n (%) 7 (15)

CMT, Charcot-Marie-Tooth; CMTNS, CMT Neuropathy Score; CMTNS-R, Rasch-

modified CMT Neuropathy Score; CMTES, CMT Examination Score; CMTES-R, Rasch-

modified CMT Examination Score; w/o, without; SD, standard deviation.

of CMTNS-R and CMTES-R were shown in Figure 1. When
the patients were classified into three subgroups based on
CMTES-R (15), eight patients (17%) were classified as mild
(CMTES-R, 0–9), 26 patients (57%) as moderate (10–18), and
11 patients (24%) as severe (> or = 19). Regarding the family
history, 10 patients (22%) had relatives already diagnosed with
CMT by genetic testing and visited the hospital based on their
recommendation, and 9 patients (20%) had relatives who were
secondarily suspected of having CMT. Nineteen patients (42%)
had no relatives with obvious CMT symptoms, and seven patients
(15%) were classified as unknown, because it could not be
confirmed whether their family members were affected because
of adoption, parents’ divorce, or death.

Age at Which Symptoms First Appeared
and Age at Diagnosis
Regarding CMT-related symptoms in childhood and
adolescence, 39 patients (86%) reported that they sprinted
much slower than other students in elementary school, 10
patients (22%) were aware of foot deformity in childhood, and
9 patients (20%) reported walking difficulties before 20 years
of age. When examining data on the age at diagnosis, 42%
(19 patients) of our cohort had been diagnosed after 50 years
of age (Figure 2A). On the other hand, regarding the age at
which symptoms first appeared, 91% (41 patients) showed some
symptoms before 20 years of age (Figure 2B).

The Annual Change in Clinical Outcome
Measures for CMT
A previous report suggested that CMT1A may progress faster
after the age of 50 (12); thus we examined whether the annual
rate of change in clinical outcome measures (CMTNS, CMTNS-
R, CMTES, and CMTES-R) worsened rapidly after the age of
50. Of the total of 45 patients, four patients were excluded
because of diabetes mellitus and eight were excluded because
of having only single time-point examination data; 33 had
multiple data obtained at different time-points. Patients with a

FIGURE 1 | Current CMTNS-R (A) and CMTES-R (B) distribution classified by

current age and age diagnosed with CMT1A. Black filled circles indicate

patients under 50 years of age. White circles indicate patients over 50 years of

age but diagnosed before 50. Gray triangles indicate patients diagnosed after

50 years of age.

single visit showed significantly lower CMTNS-R and CMTES-
R than those with multiple visits (CMTNS-R: 15.5 ± 6.9 vs.
23.0 ± 6.9, p < 0.01, CMTES-R: 10.2 ± 5.8 vs. 16.6 ±

5.8, p < 0.01, respectively), although the mean age was not
significantly different between two groups (patients with a single
visit: 58.5 ± 9.3 years of age, patients with multiple visits: 56.6 ±
16.0 years of age, p= 0.62).

When patients were simply categorized as over 50 years
of age and 50 or younger (<50 years of age: younger group,
≥50 years of age: older group), the annual changes of clinical
outcome measures were not significantly different between the
two groups: younger vs. older group, CMTNS: 0.86 ± 0.82 vs.
0.94 ± 0.96, p = 0.40, CMTNS-R: 1.15 ± 1.04 vs. 0.94 ± 1.12,
p = 0.70, CMTES: 0.75 ± 0.85 vs. 0.80 ± 0.97, p = 0.44, and
CMTES-R: 1.03 ± 1.01 vs. 0.85 ± 1.12, p = 0.67, respectively
(Supplementary Table 1). The mean observational period did
not differ between the two groups (younger group: 4.7 ± 1.9
years, and older group: 5.2 ± 1.9 years, p = 0.74). Because
Fridman et al. showed that CMTES-R was sensitive to change
in patients diagnosed as mild to moderate but not severe (15),
we examined the rate of change between the two groups after
excluding patients whose initial CMTES-R was over 19. As a
result, a total of 31 patients were evaluated (11 patients were in
the younger group, and 20 patients were in the older group),
and there was no significant difference in the annual change of
CMTES-R between the two groups (younger group: 1.1 ± 1.0,
and older group: 0.9± 1.1, p= 0.68).

Next, we classified patients into three groups according to
their current age and age at CMT diagnosis, to investigate
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FIGURE 2 | The age distribution of adult CMT1A patients based on the age at diagnosis (A) and the age at which symptoms first appear (B).

whether patients withmore severe symptoms at an early age show
a greater rate of progression with aging than those diagnosed
with CMT at an advanced age. As shown in Figure 3 and
Supplementary Table 1, the average annual change in clinical
outcome measures did not differ among these three patient
groups (patients under 50 years of age vs. patients over 50 years
of age but diagnosed before 50 vs. patients diagnosed after 50
years of age, CMTNS: 0.86± 0.82 vs. 1.01± 1.17 vs. 0.90± 0.89,
p = 0.94, CMTNS-R: 1.15 ± 1.04 vs. 0.97 ± 1.52 vs. 0.90 ± 0.89,
p = 0.86, CMTES: 0.75 ± 0.85 vs. 0.91 ± 1.22 vs. 0.75 ± 0.87,
p = 0.92, CMTES-R: 1.03 ± 1.01 vs. 0.94 ± 1.57 vs. 0.81 ± 0.88,
p = 0.87, respectively). The mean observational period also did
not differ among the three groups (patients under 50 years of age:
5.0± 1.9 years, patients over 50 years of age but diagnosed before
50: 4.1± 2.4 years, patients diagnosed after 50 years of age: 5.2±
1.7 years, p= 0.48).

DISCUSSION

In this study, we identified the following features in our Japanese
adult CMT1A cohort. Firstly, approximately 42 percent of
patients had been diagnosed with CMT1A after 50 years of age,
whereas about 91 percent of all patients had already shown CMT-
related symptoms during their first two decades of life. Secondly,
the annual change in disease progression during adulthood was
constant at least based on CMTNS, CMTNS-R, CMTES, and
CMTES-R, irrespective of age.

Some reports already showed that CMT patients could be
diagnosed at any age even if they develop the disease at a
young age, because patients withmild symptoms were sometimes
unaware of having been affected during their childhood (6,
17, 18). Actually, Wojciechowski et al. reported that CMT
children with no difficulty on heel or toe walking showed a
near-normal gait pattern (19). Among various symptoms of
CMT, difficulty running was reported to be present in almost
all patients and was one of the symptoms having a major
impact on life (20). Although there are no reports detailing
the running posture of CMT patients, difficulty running can be
caused by foot deformities and muscle weakness either alone or
in combination, even if they are not noticeable. Furthermore,

Garcia et al. reported CMT1A patients who developed running
difficulty as the initial symptom (21). Overall, as noted in
this study, a sub-normal sprinting ability is consistent with a
mild symptom of CMT1A. Indeed, we revealed that more than
80% of our patients said that they had sprinted much slower
than other students in elementary school, as such schools in
Japan regularly evaluate children’s motor performance, even if
they had no difficulties in daily life. Combining with classical
symptoms like foot deformities and walking difficulties, more
than 90% of our patients had shown CMT-related symptoms
before reaching 20 years of age, as shown in Figure 2. These
results indicate that almost all CMT patients develop the disease
in childhood or adolescence, but such symptoms may be so
mild in some patients that they go unnoticed until reaching an
advanced age.

In our cohort, the exacerbation rate of clinical outcome

measures (CMTNS, CMTNS-R, CMTES, and CMTES-R) in

adulthood was constant irrespective of age (Figure 3), even when

limited to mild- to moderate-severity patients on calculating
CMTES-R (15). According to previous reports, Dyck et al.
showed that the annual deterioration rate did not differ
between patients aged 14–39 and those aged 40 or more
years old in hereditary motor and sensory neuropathy 1a
(Neuropathic Deficit Score points, 1.1 and 0.9, respectively)
(9). In contrast, Shy et al. suggested a tendency whereby the
older the patient, the greater the annual rate of progression
based on CMTNS, although it did not reach significance (10).
Tozza et al., based on a study with a cross-sectional design,
also reported that the deterioration of CMTNS and other
functional measures showed an increase in the rate of change
after 50 years of age (12). Our results contradict these two
reports, but differences in study design may partially explain
the discrepancy. In addition, compared with the study of
Tozza et al., our younger patients tended to show a higher
CMTNS (Figure 1). This may be the reason why our study
did not reveal similar changes. On the other hand, Verhamme
et al. reported two contradictory results: declines in axonal
function and muscle strength were similar in CMT patients and
controls, whereas physical disability showed a greater increase
over time in patients than controls (11). They stated that
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FIGURE 3 | Annual changes of CMTNS-R (A) and CMTES-R (B) were demonstrated in the three patient groups: patients under 50 years of age, patients over 50

years of age but diagnosed before 50, and patients diagnosed after 50 years of age. White squares indicate mean values and bars indicate standard deviation. n.s.:

not significant.

skeletal deformations due to muscle weakness may decrease
reserves and compensatory mechanisms, and that this may lead
to more marked physical disability in adult CMT1A patients.
Overall, in adult CMT1A patients, primary pathological changes
in peripheral nerves and muscles may be constant, whereas
physical performance, requiring the orchestrated interaction of
multiple muscles and sensations, deteriorated more markedly
over time.

There are some limitations of this study. Firstly, we cannot
rule out the possibility that the limited number of patients
influenced the results. In other words, because of the small
number of patients obtained by subgroup classification by
current age and age at diagnosis, the difference in the annual
changes of clinical outcome measures with age may not reach a
significant difference. Secondly, this was a single-center study,
which is associated with a bias in patients’ characteristics.
Thirdly, although we showed that the annual increase of clinical
outcome measures (CMTNS, CMTNS-R, CMTES, and CMTES-
R) was constant regardless of age, it will be necessary to
validate using other evaluation methods, such as functional
and patient-reported outcome measures, as recommended by
Rossor et al. (22) To overcome these limitations and answer the
question of whether the deterioration rate increases over time,
a multi-center study with multiple outcome measures is needed.
Finally, because single-visit patients showed significantly lower
CMTNS than multiple-visit patients, our cohort may be biased
toward severe patients and the rate of annual change may be
underestimated by missing such mild cases. However, since there
was no significant difference in the average age between the
single-visit and multiple-visit groups, it is considered that the
effects of missing such mild cases were relatively equal in the
two groups.

In conclusion, our study indicates that CMT1A patients in
adulthood show no obvious age-related increase in CMTNS,
CMTNS-R, CMTES, of CMTES-R. Furthermore, because almost

all CMT1A patients develop symptoms in childhood and
adolescence, even if they are unaware of them, it is important
to be conscious of the existence of a considerable number of
undiagnosed adult patients. Early diagnosis may help to ensure
the appropriateness of care including physical therapy (23) and
avoid CMT-specific adverse events resulting from medications
for other diseases (6–8, 24–26).

DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available. The current protocol approved by the local ethics
committee of Kyoto Prefectural University of Medicine Current
does not permit joint research with other facilities. Requests to
access the dataset can be directed to the corresponding author.

ETHICS STATEMENT

The authors confirm that they have read the journal’s position on
issues involved in ethical publication and affirm that this report
is consistent with those guidelines. The patient was evaluated
at Kyoto Prefectural University of Medicine hospital under
a protocol approved by the local ethics committee of Kyoto
Prefectural University of Medicine. Written informed consent
was obtained from the patient.

AUTHOR CONTRIBUTIONS

FK-M, YN, MN, and TM contributed conception and designs
of the study. FK-M organized the database and performed the
statistical analysis. YN and YT performed neurophysiological
studies. KS, IM, MN, and TM contributed to outpatient care. All
authors contribute to manuscript revision, read, and approved
the submitted version.

Frontiers in Neurology | www.frontiersin.org 5 July 2020 | Volume 11 | Article 626

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Kitani-Morii et al. Clinical Features of Older CMT Patients

FUNDING

This work was supported in part by grants from the Japan
Agency for Medical Research and Development (AMED)
(18ck0109271h0002 to MN and YN), supported in part by
JSPS KAKENHI Grant Number JP19K16924, and supported
by Grants-in Aid from the Research Committee of CNS
Degenerative Diseases, Research on Policy Planning and
Evaluation for Rare and Intractable Diseases, Health, Labor and

Welfare Sciences Research Grants, the Ministry of Health, Labor
and Welfare, Japan.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.00626/full#supplementary-material

REFERENCES

1. Lima Santos Barreto LC, Oliveira FS, Nunes PS, de Franca Costa IM,

Garcez CA, Goes GM, et al. Epidemiologic study of charcot-marie-

tooth disease: a systematic review. Neuroepidemiology. (2016) 46:157–

65. doi: 10.1159/000443706

2. Timmerman V, Strickland AV, Zuchner S. Genetics of Charcot-Marie-Tooth

(CMT) disease within the frame of the human genome project success. Genes.

(2014) 5:13–32. doi: 10.3390/genes5010013

3. Fridman V, Bundy B, Reilly MM, Pareyson D, Bacon C, Burns J, et al.

Inherited neuropathies, CMT subtypes and disease burden in patients

enrolled in the inherited neuropathies consortium natural history study:

a cross-sectional analysis. J Neurol Neurosurg Psychiatry. (2015) 86:873–

8. doi: 10.1136/jnnp-2014-308826

4. Lupski JR, de Oca-Luna RM, Slaugenhaupt S, Pentao L, Guzzetta V, Trask BJ,

et al. DNA duplication associated with Charcot-Marie-Tooth disease type 1A.

Cell. (1991) 66:219–32. doi: 10.1016/0092-8674(91)90613-4

5. Pareyson D, Marchesi C. Diagnosis, natural history, and

management of Charcot-Marie-Tooth disease. Lancet Neurol. (2009)

8:654–67. doi: 10.1016/S1474-4422(09)70110-3

6. Hildebrandt G, Holler E, Woenkhaus M, Quarch G, Reichle A, Schalke B,

et al. Acute deterioration of Charcot-Marie-Tooth disease IA (CMT IA)

following 2mg of vincristine chemotherapy. Ann Oncol. (2000) 11:743–

7. doi: 10.1023/A:1008369315240

7. Weimer LH, Podwall D. Medication-induced exacerbation of

neuropathy in Charcot Marie tooth disease. J Neurol Sci. (2006)

242:47–54. doi: 10.1016/j.jns.2005.11.014

8. Jariwal R, Shoua B, Sabetian K, Natarajan P, Cobos E. Unmasking

a case of asymptomatic Charcot-Marie-Tooth disease (CMT1A)

with vincristine. J Investig Med High Impact Case Rep. (2018)

6:2324709618758349. doi: 10.1177/2324709618758349

9. Dyck PJ, Karnes JL, Lambert EH. Longitudinal study of neuropathic

deficits and nerve conduction abnormalities in hereditary motor

and sensory neuropathy type 1. Neurology. (1989) 39:1302–

8. doi: 10.1212/WNL.39.10.1302

10. Shy ME, Chen L, Swan ER, Taube R, Krajewski KM, Herrmann D, et al.

Neuropathy progression in Charcot-Marie-Tooth disease type 1A. Neurology.

(2008) 70:378–83. doi: 10.1212/01.wnl.0000297553.36441.ce

11. Verhamme C, van Schaik IN, Koelman JH, de Haan RJ, de Visser M. The

natural history of Charcot-Marie-Tooth type 1A in adults: a 5-year follow-up

study. Brain. (2009) 132:3252–62. doi: 10.1093/brain/awp251

12. Tozza S, Bruzzese D, Pisciotta C, Iodice R, Esposito M, Dubbioso R,

et al. Motor performance deterioration accelerates after 50 years of age

in Charcot-Marie-Tooth type 1A patients. Eur J Neurol. (2018) 25:301–

6. doi: 10.1111/ene.13494

13. Murphy SM, Herrmann DN, McDermott MP, Scherer SS, Shy ME, Reilly

MM, et al. Reliability of the CMT neuropathy score (second version)

in Charcot-Marie-Tooth disease. J Peripher Nerv Syst. (2011) 16:191–

8. doi: 10.1111/j.1529-8027.2011.00350.x

14. Sadjadi R, Reilly MM, Shy ME, Pareyson D, Laura M, Murphy S,

et al. Psychometrics evaluation of Charcot-Marie-Tooth Neuropathy Score

(CMTNSv2) second version, using Rasch analysis. J Peripher Nerv Syst. (2014)

19:192–6. doi: 10.1111/jns.12084

15. Fridman V, Sillau S, Acsadi G, Bacon C, Dooley K, Burns J, et al. Inherited

neuropathies consortium-rare diseases clinical research, a longitudinal study

of CMT1A using Rasch analysis based CMT neuropathy and examination

scores. Neurology. (2020) 94:e884–96. doi: 10.1212/WNL.00000000000

09035

16. Sheth S, Francies K, Siskind CE, Feely SM, Lewis RA, Shy ME. Diabetes

mellitus exacerbates motor and sensory impairment in CMT1A. J Peripher

Nerv Syst. (2008) 13:299–304. doi: 10.1111/j.1529-8027.2008.00196.x

17. Fernandez-Torre JL, Garcia-Alcalde M, Alvarez V. Effects of antiretroviral

therapy in patients with Charot-Marie-Tooth disease type 1A. J Neurol. (2002)

249:940–1. doi: 10.1007/s00415-002-0719-z

18. Nakamura T, Hashiguchi A, Suzuki S, Uozumi K, Tokunaga S,

Takashima H. Vincristine exacerbates asymptomatic Charcot-Marie-

tooth disease with a novel EGR2 mutation. Neurogenetics. (2012)

13:77–82. doi: 10.1007/s10048-012-0313-1

19. Wojciechowski E, Sman A, Cornett K, Raymond J, Refshauge K, Menezes

MP, et al. Gait patterns of children and adolescents with Charcot-Marie-

Tooth disease. Gait Posture. (2017) 56:89–94. doi: 10.1016/j.gaitpost.2017.

05.005

20. Johnson NE, Heatwole CR, Dilek N, Sowden J, Kirk CA, Shereff

D, et al. Inherited Neuropathies, quality-of-life in Charcot-Marie-Tooth

disease: the patient’s perspective. Neuromuscul Disord. (2014) 24:1018–

23. doi: 10.1016/j.nmd.2014.06.433

21. Garcia CA, Malamut RE, England JD, Parry GS, Liu P, Lupski JR.

Clinical variability in two pairs of identical twins with the Charcot-

Marie-Tooth disease type 1A duplication. Neurology. (1995) 45:2090–

3. doi: 10.1212/WNL.45.11.2090

22. Rossor AM, Shy ME, Reilly MM. Are we prepared for clinical

trials in Charcot-Marie-Tooth disease? Brain Res. (2020)

1729:146625. doi: 10.1016/j.brainres.2019.146625

23. Burns J, Sman AD, Cornett KMD, Wojciechowski E, Walker T, Menezes

MP, et al. Safety and efficacy of progressive resistance exercise for

Charcot-Marie-Tooth disease in children: a randomised, double-

blind, sham-controlled trial. Lancet Child Adolesc Health. (2017)

1:106–13. doi: 10.1016/S2352-4642(17)30013-5

24. Antognini JF. Anaesthesia for Charcot-Marie-Tooth disease: a review of 86

cases. Can J Anaesth. (1992) 39:398–400. doi: 10.1007/BF03009054

25. Pogson D, Telfer J, Wimbush S. Prolonged vecuronium neuromuscular

blockade associated with Charcot marie tooth neuropathy. Br J Anaesth.

(2000) 85:914–7. doi: 10.1093/bja/85.6.914

26. Zanjani AP, Ghorbani A, Eslami B, Mirzashahi B. Epidural anesthesia

combined with light general anesthesia for a juvenile with Charcot-marie-

tooth disease undergoing corrective spine surgery: a case report. Anesth Pain

Med. (2017) 7:e14189. doi: 10.5812/aapm.14189

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Kitani-Morii, Noto, Tsuji, Shiga, Mizuta, Nakagawa and

Mizuno. This is an open-access article distributed under the terms of the

Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 6 July 2020 | Volume 11 | Article 626

https://www.frontiersin.org/articles/10.3389/fneur.2020.00626/full#supplementary-material
https://doi.org/10.1159/000443706
https://doi.org/10.3390/genes5010013
https://doi.org/10.1136/jnnp-2014-308826
https://doi.org/10.1016/0092-8674(91)90613-4
https://doi.org/10.1016/S1474-4422(09)70110-3
https://doi.org/10.1023/A:1008369315240
https://doi.org/10.1016/j.jns.2005.11.014
https://doi.org/10.1177/2324709618758349
https://doi.org/10.1212/WNL.39.10.1302
https://doi.org/10.1212/01.wnl.0000297553.36441.ce
https://doi.org/10.1093/brain/awp251
https://doi.org/10.1111/ene.13494
https://doi.org/10.1111/j.1529-8027.2011.00350.x
https://doi.org/10.1111/jns.12084
https://doi.org/10.1212/WNL.0000000000009035
https://doi.org/10.1111/j.1529-8027.2008.00196.x
https://doi.org/10.1007/s00415-002-0719-z
https://doi.org/10.1007/s10048-012-0313-1
https://doi.org/10.1016/j.gaitpost.2017.05.005
https://doi.org/10.1016/j.nmd.2014.06.433
https://doi.org/10.1212/WNL.45.11.2090
https://doi.org/10.1016/j.brainres.2019.146625
https://doi.org/10.1016/S2352-4642(17)30013-5
https://doi.org/10.1007/BF03009054
https://doi.org/10.1093/bja/85.6.914
https://doi.org/10.5812/aapm.14189
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Rate of Changes in CMT Neuropathy and Examination Scores in Japanese Adult CMT1A Patients
	Introduction
	Materials and Methods
	Patients
	Clinical Parameters
	Clinical Outcome Measures for CMT
	Statistical Analysis

	Results
	Patients
	Age at Which Symptoms First Appeared and Age at Diagnosis
	The Annual Change in Clinical Outcome Measures for CMT

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


