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Abstract

Introduction In Charcot-Marie-Tooth type 1A (CMTI1A) patients, daily life is mainly influenced by mobility and ambulation
dysfunctions. The aim of our work was to evaluate the perception of disturbances that mostly impact on daily life in CMT1A
patients and its difference on the basis of age, gender, disability, and quality of life.

Methods Forty-one CMTI1A patients underwent neurological assessment focused on establishing clinical disability through the
Charcot-Marie-Tooth Neuropathy Score (CMTNS) and quality of life through the Short Form-36 (SF-36) questionnaire. We
identified from CMT disturbances 5 categories [weakness in lower limbs (WLL), weakness in upper limbs (WUL), skeletal
deformities (SD), sensory symptoms (SS), balance (B)] and patients classified the categories from the highest to the lowest impact
on daily life (1: highest; 5: lowest). Ranking of the 5 categories, in the overall sample and in the different subgroups (dividing by
gender, median of age and disease duration, CMTNS, domains of SF-36), was obtained and differences among subgroups were
assessed using a bootstrap approach.

Results Rank analysis showed that WLL was the most important disturbance on daily life whereas WUL had the lowest impact.
In the older CMT1A group, the most important disturbance on daily life was B that was also the most relevant disturbance in
patients with a greater disability. SD influenced daily life in younger patients. SS had less impact on daily life, with the exception
of patients with a milder disability.

Discussion Our findings demonstrated that the perception of disturbances that mostly impact on CMT1A patients’ daily life
changes over the lifetime and with degree of disability.
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Introduction

Charcot-Marie-Tooth disease (CMT) is a hereditary motor
sensory neuropathy and Charcot-Marie-Tooth type 1A
(CMT1A), a demyelinating form due to duplication of
PMP22 gene, represents the most frequent subtype [1].
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CMT patients usually develop symptoms during childhood
or adolescence with pes cavus, progressive muscular atrophy
and weakness of distal segments of lower and then upper
limbs, sensory loss, and decrease or absence of deep tendon
reflexes [2].

Disability is related to progressive axonal loss [3—5] and
accumulates slowly over time with acceleration of clinical
disability after 50 years of age [6]. Several symptoms influ-
ence quality of life (QoL) such as mobility, balance, distal
motor and sensory limitations, fatigue, pain, and body image
[7]. However, the symptoms that most impact on QoL are the
ability to ambulate independently and toe-heel walk [8].

The aim of our work was to evaluate the impact of distur-
bances as perceived by CMT1A on daily life: by using a rank
approach, we aimed to understand if all disturbances have the
same impact on daily life and if they changed on the basis of
age, gender, disability, and QoL.
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Methods

CMTI1A patients were recruited and evaluated in a tertiary
care neuromuscular center at the University of Naples
“Federico II” (Naples, Italy). Inclusion criteria were genetic
confirmation of PMP22 gene duplication and age > 18 years.
All patients gave informed consent to participate in the study,
which was approved by the local ethics committee of the
University of Naples “Federico II” (Naples, Italy).

We assessed clinical disability through the second version
of the Charcot-Marie-Tooth Neuropathy Score (CMTNS), a
composite scale that includes symptoms, signs, and neuro-
physiology, amounting to a total range of 0-36 [9].

We assessed QoL through the Short Form-36 (SF-36)
questionnaire, a self-reported measure of health, that com-
prises 36 questions which cover two dimensions (SF-
36 _Physical and SF-36_Mental) [10].

Moreover, based on disturbances typically referred by
CMT patients, we grouped them in five categories:

—  weakness in lower limbs (WLL);
— weakness in upper limbs (WUL);
—  skeletal deformities (SD);

— sensory symptoms (SS);

— balance (B).

We asked patients to classify the disturbance categories
from the highest to the lowest impact on daily life (1: highest
impact; 5: lowest impact). Patients reported the disturbance
category when it was not complained.

Statistical analysis

Standard descriptive statistics were used to describe the char-
acteristics of the sample (median with range, mean + standard
deviation, and frequencies with percentages).

Ranking of'the 5 disturbance categories, in the overall sam-
ple and in the different subgroups (dividing by gender, median
of age and disease duration, CMTNS, domains of SF-36), was
obtained using the branch-and-bound algorithm as already
defined [11]. Differences among subgroups were assessed
using a bootstrap approach. For each classification factor,
the Kendall’s tau distance between the two rankings was com-
puted. Then, 999 bootstrap samples were drawn without re-
placement, in order to preserve the original distribution of the
classification factor. In each bootstrap sample, the Kendall’s
tau distance was computed. p-values were finally obtained as
the proportion of bootstrap replicates with a Kendall’s tau
statistics lower than or equal to that computed on then original
sample. In case of multiple solutions in the branch-and-bound
algorithm, the pair with the largest distance was chosen. All
the analyses were performed using the statistical platform R
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(vers. 3.5.2) and p-values less than 0.05 were deemed as sta-
tistically significant.

Results

Forty-one CMTI1A patients were recruited (14 males and 27
females; 50.3 + 17.8 years, ranging from 22 to 81 years of
age). Demographic and clinical information was summarized
in Table 1.

Overall, the category with the highest impact on daily life
in our CMT1A group was WLL (mean ranking 2.26). It was
followed by B and SD (mean ranking 2.79), SS (mean ranking
3.44), and WUL (mean ranking 3.71) (Table 2).

The consensus ranking analysis, dividing by the median
age of 52 years of age, showed significant change (p =
0.013) of rank between the two group: the youngest
CMTI1A patients referred WLL as the category with the
highest impact on daily life, whereas B represented the cate-
gory with the highest impact on daily life in elderly CMT1A
patients (Table 3; Fig. 1a). Similar results was obtained divid-
ing by the median years of disease duration (20 years): the
CMT1A patients with shorter disease duration referred WLL
as the category with the highest impact on daily life, whereas
B represented the first category with highest impact in
CMTI1A patient group with a longer disease duration (p =
0.011) (Table 3).

Dividing by the median score of CMTNS of 15, the anal-
ysis showed significant change (p = 0.006) of rank between
the two groups: the most severe CMT1A patients referred B as
the category with the highest impact on daily life, while the
patients with mild phenotype complained SS, after WLL
(Table 3; Fig. 1b).

The consensus ranking analysis, dividing by the gender,
the median value of SF-36 Physical (<57.7), and SF-
36_Mental (<54.4), showed changes in ranking between
groups but they were not significant (p > 0.05) (Table 3).

Discussion

This study showed that patients perceive weakness in lower
limbs as the most important disturbance that impacts on their
daily life [8] whereas weakness in upper limbs has the lowest
impact in CMT1A patients. This is not surprising since weak-
ness typically occurs, at the beginning, in distal lower limb
muscles and subsequently spreads to the upper extremities
[12]. Confirming this, weakness in upper limbs passed
through the last position of rank in younger group to the third
position in the elderly CMT1A group.

Instead, imbalance is complained as first disturbance in the
elderly CMT1A group (>52 years), in patients with longer
disease duration (>20 years), and in patients with a greater



Neurol Sci (2022) 43:559-563 561
Table 1 Demographic and
clinical data Male/female 14/27
Age 50.3 £ 17.8 (22-81)
CMTNS 152+ 7.1 (1-29)
SF-36 Mental 58.5 +22.2 (8.8-96.7)
SF-36_ Physical 55+£22.3(7.8-93.3)
Prevalence of ranking positions for each disturbances in the overall cohort
1 2 3 4 5 Not complained
Weakness in lower limbs 36.6% 22% 24.4% 12.2% 2.4% 2.4%
Balance 24.4% 19.5% 22% 14.6% 14.6% 4.9%
Skeletal deformities 14.6% 26.8% 19.5% 24.4% 9.8% 4.9%
Sensory symptoms 17.1% 14.6% 17.1% 17.1% 29.3% 4.9%
Weakness in upper limbs 4.9% 17.1% 12.2% 26.8% 31.7% 7.3%
disability as assessed by CMTNS (>15). Balance disorder in
patients with CMT1A appears to be related to the weakness of
both anterior and posterior leg muscles rather than propriocep- ~ 1aPle 3 Consensus ranking divided by different variables
tion involvement [13, 14]. During the course of CMTI1A life- Consensus ranking
time, posterior muscles’ involvement adds to the anterior mus-
cles’ weakness resulting in a greater disability (worsening of ~ Gender Male Female p-value
. « 2 . . Weakness of lower limbs 1 2 0.621
the sub 1jtem sﬁength legs .of .CMTNS) and in an 1ncrea§ed Skeletal deformitics ) 3
postural instability [15]. Intriguing, CMT1A patients perceive Sensory symptoms 4 4
as balance disorders what the clinician considers as a motor Weakness of upper limbs 5 5
involvement. Balance 3 !
Interestingly, skeletal deformities (e.g., pes cavus) impact  age (years) Age<52 Age > 52
on daily life especially in younger CMTI1A patients. Indeed, Weakness of lower limbs 1 2 0.013
pes cavus is the second disturbance reported by younger pa- 21;12?}1, ‘:;fr(:;r:(‘)‘:r‘lzs i i
tients while it seems to be scarcely influencing daily life in the Weakness of upper limbs 5 3
older patient group. This suggests that younger patients may Balance 3 1
pay a greater attention to esthetic that should not be ) . i .
L. . . . Disease duration (years) Duration <20 Duration > 20
overlooked by clinicians in managing CMT1A patients. Weakness of lower limbs 1 5 0.011
Moreover, it would be also possible that young patients pay Skeletal deformities 2 4
more attention to skeletal deformities because they want and sxj’nsl‘()ry SY“;Pt"mS _— g ;
need to walk and perform better than older patients. On the B;zn:eess O UPPEr DS 4 1
other hand, elderly patients neglect skeletal deformities since
they consider most relevant other disturbances (e.g., balance). C\I\;T;"ks ower lins ICMTNS <15 SMTNS > 15 0006
. . . . €akness ol lower [1mbs .
Overall, sensory symptoms have less impact on daily life in Skeletal deformitics 3 4
CMTI1A patients. Nevertheless, sensory symptoms are the Sensory symptoms 2 5
second most important disturbance in the group with milder Weakness of upper limbs 5 3
disability (CMTNS < 15). Motor items are more Balance 4 !
Mental domain SF-36 Mental < 54.4 Mental > 54.4
Weakness of lower limbs 1 1 0.352
Skeletal deformities 3 2
. Sensory symptoms 4 5
Table 2 Overall consensus ranking Weakness of upper limbs 5 4
Bal 2 3
Consensus ranking Mean ranking aance
] Physical domain SF-36 Physical <57.7  Mental > 57.7
Weakness of lower limbs 1 2.26 Weakness of lower limbs 1 1 0.943
Balance 2 2.79 Skeletal deformities 3 2
. Sensory symptoms 4 4
Skeletal deformities 2 2.79 Weakness of upper limbs 5 5
Sensory symptoms 4 3.44 Balance 2 3
Weakness of upper limbs 5 3.71

In bold are reported significant p-value (p < 0.05)
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Fig. 1 Distribution of disturbance a
categories. For each disturbance

categories, the rank score

distribution (1: highest impact; 5:

lowest impact; NC: not

complained) was reported <2 _

dividing by median age (a) and
CMTNS (b) o

Weakness Lower Limbs

Weakness Upper Limbs

]
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representative of increased disability [16, 17] and therefore it
is conceivable that, in CMT1A patients with higher CMTNS,
sensory symptoms may be covered by motor disturbances.

Importantly, the disturbance categories were not related to
the SF-36 findings suggesting that, regardless what distur-
bance is in first position, CMTIA patients perceive a low
QoL. This data corroborated the “disability paradox™ found
in CMT population [6, 18] This paradox explains the discrep-
ancy between the QoL and disability that do not correlate in
CMT patients.
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In conclusion, although these findings should be confirmed
through a multicenter study, we demonstrated that the percep-
tion of disturbances that impact on daily life changes over the
lifetime and with degree of disability. This is relevant for
clinicians for a proper approach to CMT1A patients.

Abbreviations B, balance; CMTIA, Charcot-Marie-Tooth type 1A;
CMTNS, Charcot-Marie-Tooth Neuropathy Score; QoL, quality of life;
SF-36, Short Form-36; SD, skeletal deformities; SS, sensory symptoms;
WLL, weakness in lower limbs; WUL, weakness in upper limbs
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