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Abstract
Background and purpose: Fatigue, a disabling symptom in many neuromuscular disor-
ders, has been reported also in Charcot–Marie–Tooth disease (CMT). The presence of 
fatigue and its correlations in CMT was investigated.
Methods: The Modified Fatigue Impact Scale (MFIS) was administered to CMT patients 
from the Italian Registry and a control group. An MFIS score >38 indicated abnormal 
fatigue. The correlation with disease severity and clinical characteristics, the Hospital 
Anxiety and Depression Scale and Epworth Sleepiness Scale scores, and drug use was 
analysed.
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INTRODUC TION

Charcot–Marie–Tooth disease (CMT) collects a heterogeneous group 
of hereditary peripheral neuropathies characterized by distal motor 
weakness and atrophy, variable distal sensory loss, foot deformities 
and decreased-to-absent deep tendon reflexes [1].

Fatigue is a common complaint in many neuromuscular disor-
ders [2, 3], although it is difficult to define because of its subjective 
nature [4]. Definitions in clinical research include the following: an 
‘overwhelming and persistent feeling of tiredness and diminished 
ability to sustain voluntary mental and physical activities’ and also a 
sensation of ‘weakness, lethargy and lack of energy that interferes 
with daily activities’ [5, 6].

Perceived or experienced fatigue, usually investigated through 
self-administered questionnaires, can be distinguished from perfor-
mance fatigability, characterized by difficulty in maintaining a physical 
performance through time which is tested during physical tasks [5]. 
Fatigue has a multidimensional character and is determined by many 
factors, including health perceived status and participation in daily ac-
tivities. Central fatigue is related to neuropsychiatric conditions and 
to disorders directly involving the central nervous system, whereas 
‘peripheral fatigue’ is related to neuromuscular unit disorders [5–7].

Several questionnaires have been developed and employed to 
assess perceived fatigue, namely, the Checklist Individual Strength 
(CIS) scale [5, 6, 8], the Fatigue Severity Scale (FSS) [9, 10], the Visual 
Analogue Scale (VAS) [11], the Multidimensional Fatigue Inventory 
[12, 13] and the Modified Fatigue Impact Scale (MFIS) [14]. The MFIS 
is one of the most commonly used and has been validated in many 
neurological disorders, including multiple sclerosis and Parkinson 
disease [15, 16].

A few studies assessed experienced fatigue in CMT employing 
different questionnaires [5, 8, 10, 11, 13, 17] and found a remark-
able proportion of patients reporting significant fatigue, ranging 
from 43.2% to 64% [8, 10, 13, 17]. Some researchers focused on 
performance fatigue by using physical measures (such as surface 
electromyography analysis and repeated strength measures with 
a dynamometer during sustained effort or electrical stimulation 
during rest and after muscle contraction) [5, 18, 19].

Perceived fatigue was assessed by using the MFIS in a large series 
of patients with CMT recruited through the Italian CMT Registry, and 
its correlations with disease severity and clinical characteristics, general 
distress, somnolence, body weight and use of drugs were examined.

METHODS

The Italian CMT Registry (www.regis​tronmd.it) was developed thanks 
to a collaboration between Italian patients' associations, includ-
ing ACMT-Rete, and Telethon-Italy Foundation, coordinated in the 
Associazione del Registro with clinical centres and Scientific Societies 
for the Study of Muscle and Peripheral Nerve [20]. In this dual registry, 
the patient first registers herself/himself and then selects the preferred 
reference centre amongst nine in Italy (Fondazione IRCCS Istituto 
Neurologico Carlo Besta of Milan, IRCCS Ospedale San Raffaele of 
Milan, Universities of Genoa, Verona, Parma, Rome, Naples, Catanzaro 
and Messina); here, the attending clinician visits the patient, collects a 
minimal dataset of information and administers the CMT Neuropathy 
Score/Examination Score (CMTNS/CMTES) clinical scale [21]. All data 
collected in the records of the Registry are reviewed and confirmed by 
the local physicians and validated by the Registry curator.

Results: Data were collected from 251 CMT patients (136 women) and 57 controls. MFIS 
total (mean ± standard deviation 32 ± 18.3, median 33), physical (18.9 ± 9.7, 20) and psy-
chosocial (2.9 ± 2.4, 3) scores in CMT patients were significantly higher than controls. 
Abnormal fatigue occurred in 36% of the patients who, compared to patients with normal 
scores, had more severe disease (median CMT Examination Score 9 vs. 7), more frequent 
use of foot orthotics (22% vs. 11%), need of support for walking (21% vs. 8%), hand dis-
ability (70% vs. 52%) and positive sensory symptoms (56% vs. 36%). Patients with abnor-
mal fatigue had significantly increased frequency of anxiety/depression/general distress 
(Hospital Anxiety and Depression Scale), somnolence (Epworth Sleepiness Scale), obesity 
(body mass index ≥ 30) and use of anxiolytic/antidepressant or anti-inflammatory/analge-
sic drugs.
Conclusions: Fatigue is a relevant symptom in CMT as 36% of our series had scores indi-
cating abnormal fatigue. It correlated with disease severity but also with anxiety, depres-
sion, sleepiness and obesity, indicating different components in the generation of fatigue. 
CMT patients' management must include treatment of fatigue and of its different genera-
tors, including general distress, sleepiness and obesity.
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Friends and unaffected relatives of participating CMT pa-
tients, matched as much as possible for gender and age, were 
recruited as healthy controls. This study was approved by the 
Ethics Committees of the Fondazione IRCCS Istituto Neurologico 
Carlo  Besta, Milan (no. 52/2016, date 2 April 2014) and of the 
other participating centres. All participants to the Registry signed 
a written informed consent and those completing the ques-
tionnaires signed an online informed consent. Recruitment was 
conducted before the COVID-19 pandemic and lasted 3 years 
(2015–2017).

Both patients and controls were asked to complete on-
line the validated Italian version of the MFIS questionnaire, a 
self-assessed questionnaire composed of 21 statements, nine 
exploring the presence of physical fatigue related symptoms 
(MFIS-PH scale), 10 exploring the presence of cognitive symp-
toms (MFIS-C scale) and two exploring the psychosocial domain 
(MFIS-PS scale), making up a total score (MFIS-T) indicative of 
fatigue level. Each statement is rated by a 5-point (0–4) system 
(range 0–84, where 0 is absence of fatigue and 84 the worst 
score). A total score >38 indicates abnormal fatigue, according to 
Flachenecker et al. [22].

Both patients and controls were asked to fill also questionnaires 
concerning the presence of anxiety, depression and general distress 
(Hospital Anxiety and Depression Scale, HADS, Italian version) [23] 
and the presence of diurnal somnolence (Epworth Sleepiness Scale, 
ESS, Italian version) [24] to explore the contribution of neuropsychi-
atric status and sleepiness to fatigue. Cut-off scores ≥11 were used 
for both the HADS-A and HADS-D to define the presence of anx-
iety/depression, ≥22 for the whole scale (HADS-T) to indicate the 
presence of general distress [25] and >10 for the ESS to indicate the 
presence of sleepiness [26].

Statistical analysis

Participant characteristics at baseline were described in terms of 
absolute numbers and percentages for categorical data and means 
with standard deviations (SDs) and medians for continuous data. 
The t test, Mann–Whitney U test, Fisher's exact test and Spearman's 
rank-order correlation were used to analyse associations between 
MFIS scores and type of participants (CMT patients vs. controls), 
gender, age, disease duration, disease severity (CMTES), walking 
ability and/or use of orthotics, hand disability, sensory symptoms, 
body mass index (BMI), HADS scores, ESS score and medication use 
(antidepressant/anxiolytic and analgesic/anti-inflammatory drugs). 
Throughout the statistical analysis, the significance level was set at 
0.05 (significant <0.05).

RESULTS

The MFIS questionnaire was completed by 251 CMT patients and 57 
controls (20 friends and 37 unaffected relatives). Demographic and 
clinical data and MFIS scores of CMT patients and healthy controls 
are summarized in Table 1.

The age of controls and CMT patients was similar, whereas there 
was a slight, although non-significant, predominance of females in the 
CMT group compared to controls. Amongst the 251 CMT patients, 116 
(46.2%) had a diagnosis of CMT1A (PMP22 duplication); the other most 
frequent CMT types were CMTX1 (GJB1: n = 21, 8.4%), CMT1B (MPZ: 
n  =  18, 7.2%), CMT2I/CMT2J (MPZ: n  =  14, 5.6%), CMT2A (MFN2: 
n = 8, 3.2%) and CMT4C (SH3TC2: n = 5, 2.0%).

The values of physical (MFIS-PH) and psychosocial (MFIS-PS) 
subscores and of the MFIS total (MFIS-T) score of CMT patients 

TA B L E  1  Demography, disease severity and MFIS scores of CMT patients and healthy controls

CMT patients Controls

Females 
(n = 136) Males (n = 115) Total (n = 251)

Females 
(n = 25) Males (n = 32) Total (n = 57)

Age (mean ± SD) 46.6 ± 12.2 47.7 ± 13.9 47.2 ± 13.0 46.5 ± 12.6 43.9 ± 12.6 45.0 ± 12.5

CMTES (mean ± SD, median) 7.9 ± 5.2, 7 8.4 ± 5.2, 8 8.2 ± 5.2, 8 — — —

Physical MFIS-PH scorea,b 
(mean ± SD, median)

20.3 ± 8.9, 21b 17.4 ± 10.4, 17b 18.9 ± 9.7, 20a 9.2 ± 5.7, 9 6.5 ± 5.6, 4 7.7 ± 5.8, 7a

Cognitive MFIS-C scoreb (mean ± SD, 
median)

11.1 ± 8.7, 9.5b 9.1 ± 8.5, 7b 10.1 ± 8.6, 8 8.7 ± 7.4, 7 7.5 ± 5.9, 6 8.0 ± 6.6, 7

Psychosocial MFIS-PS scorea 
(mean ± SD, median)

3.1 ± 2.4, 3 2.7 ± 2.8, 2 2.9 ± 2.4, 3a 2.0 ± 1.6, 2 1.1 ± 1.1, 1 1.5 ± 1.4, 2a

Total MFIS-T scorea,b (mean ± SD, 
median)

34.5 ± 17.6, 35b 29.1 ± 18.8, 31b 32.0 ± 18.3, 33a 19.4 ± 11.4, 18 15.0 ± 10.8, 12.5 17.2 ± 11.3, 16a

Abbreviations: C, cognitive; CMT, Charcot–Marie–Tooth disease; CMTES, Charcot–Marie–Tooth Examination Score; MFIS, Modified Fatigue Impact 
Scale; PH, physical; PS, psychosocial; SD, standard deviation; T, total.
aMFIS-PH, MFIS-PS and MFIS-T scores were significantly higher in the CMT group (p < 0.001 for all comparisons) than in the control group (Mann–
Whitney U test).
bMFIS-C, MFIS-PH and MFIS-T scores were significantly higher in CMT females than CMT males (p = 0.039, p = 0.025 and p = 0.013, respectively; 
Mann–Whitney U test).
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were significantly higher than controls (p < 0.001 for all compari-
sons), whereas there was no difference for the cognitive subscore 
(MFIS-C, p = 0.173). The scores for the cognitive domain, physical 
domain and the MFIS total score were significantly higher in CMT 
females than in CMT males (p = 0.039, p = 0.025 and p = 0.013, re-
spectively), but no significant difference between genders was evi-
dent in healthy controls (Table 1).

Amongst CMT patients, 36% (91/251) had abnormal levels of fa-
tigue as assessed by MFIS (MFIS-T > 38), a rate significantly higher 
than controls (5%, 3/57, p < 0.001), with a slight although non-
significant prevalence of females (Table 2).

Compared to CMT subjects with normal fatigue levels 
(MFIS-T ≤ 38), patients with abnormal general fatigue had more se-
vere disease as assessed by CMTES (median 9 vs. 7), more frequent 
use of ankle foot orthotics (22% vs. 11%), need of support for walk-
ing (21% vs. 8%), hand disability (difficulties with buttons 70% vs. 
52%), positive sensory symptoms (56% vs. 36%) and arthritic-like 
pain (21% vs. 11%). Patients with abnormal fatigue also had more 
frequently ESS scores indicative of sleepiness (36% vs. 16%), BMI 
above the threshold for obesity (BMI ≥ 30) (16% vs. 7%) and HADS 
scores suggestive of anxiety (51% vs. 10%), depression (22% vs. 3%) 

and general distress (33% vs. 3%). No difference was found in MFIS 
scores for age, disease duration, education level and CMT type.

Concerning the use of pharmacological drugs, 19.2% of CMT 
patients for whom the information was available (n = 45/234) took 
antidepressant/anxiolytic medications, with 11.5% (n  =  27) taking 
them every day; 70.1% of CMT subjects (n = 164/234) made use of 
anti-inflammatory/analgesic drugs, 17% (n = 40) more than once per 
week. Notably, CMT patients with abnormal fatigue reported more 
frequent use of both anxiolytic/antidepressant drugs and analgesic/
anti-inflammatory drugs. Conversely, MFIS scores (total score and 
physical/psychosocial/cognitive scores) were significantly higher in 
both categories of pharmacological drug users (Table 2, Table S1).

The correlations between fatigue scores and disease severity 
(CMTES), general distress, sleepiness and obesity were then ex-
amined (Table  3). Anxiety/depression/general distress (HADS-A, 
HADS-D, HADS-T) strongly correlated with general fatigue (MFIS-T) 
and with all MFIS subscores (r = 0.55–0.76; Table 3, Figures 1 and 2). 
No correlation was found with domains of MFIS for age and disease 
duration. Sleepiness correlated better with the cognitive domain of 
fatigue (Table 3, Figure 2), whilst obesity had a loose correlation with 
the physical domain (Table 3).

Abnormal fatigue

p valuea
MFIS-­T score ≤ 38 
(n = 160)

MFIS-­T score > 38 
(n = 91)

Gender Females 81/136 
(60%)

Females 55/136 
(40%)

Males 79/115 
(69%)

Males 36/115 
(31%)

0.148

Age (mean ± SD, median) 46.3 ± 13.4, 45 48.9 ± 12.2, 49 0.226

Disease duration (mean ± SD, median) 24.4 ± 14.4, 24 24.5 ± 14.5, 24 0.857

CMTES (mean ± SD, median) 7.2 ± 4.9, 7 9.8 ± 5.2, 9 0.001

Walking difficulties, n (%) 112 (70%) 74 (81%) 0.052

Ankle foot orthotics, n (%) 18 (11%) 20 (22%) 0.028

Walking support need, n (%) 13 (8%) 19 (21%) 0.005

Difficulties with buttons, n (%) 84 (52%) 64 (70%) 0.005

Arthritic-like pain, n (%) 17 (11%) 19 (21%) 0.038

Positive sensory symptoms, n (%) 57 (36%) 51 (56%) 0.002

Obesity BMI ≥ 30, n (%) 11/147 (7%) 13/80 (16%) 0.045

Anxiety HADS A score ≥ 11, n (%) 16/158 (10%) 51/90 (51%) <0.001

Depression HADS D score ≥ 11, n (%) 5/158 (3%) 20/90 (22%) <0.001

General distress HADS T 
score ≥ 22, n (%)

5/158 (3%) 30/90 (33%) <0.001

Sleepiness ESS > 10, n (%) 26/158 (16%) 33/91 (36%) <0.001

Anxiolytics/antidepressants, n (%) 18/152 (12%) 27/82 (33%) <0.001

Analgesics/anti-inflammatories, n (%) 97/152 (64%) 67/82 (82%) 0.004

Note: p values for significant differences are reported in bold.
Abbreviations: A, anxiety; BMI, body mass index; CMT, Charcot–Marie–Tooth disease; CMTES, 
Charcot–Marie–Tooth Examination Score; D, depression; ESS, Epworth Sleepiness Scale; HADS, 
Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; SD, standard 
deviation; T, total.
ap value calculated using the t test, Mann–Whitney U test or Fisher's exact test as appropriate.

TA B L E  2  MFIS scores by clinical 
characteristics of the CMT population
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DISCUSSION

Fatigue is a relevant symptom in many neurological and neuromus-
cular disorders. It is a multidimensional symptom, determined by 
several factors, including perceived health status, subject participa-
tion in daily activity, performance fatigability and subject's comor-
bidities [5–7].

This is the first study analysing the presence of fatigue by 
using the MFIS instrument in a large cohort of CMT patients 
(n  =  251). It is found that more than one-third of the patients 
(36%) reported abnormal fatigue and that the MFIS scores in CMT 
subjects were significantly higher than controls, independently 
from CMT type. Correlation analyses were performed to assess 
the fatigue determinants and it was found that CMT severity is 
an important factor, but also mood disorders, assessed with the 
HADS, and sleepiness, evaluated with the ESS, are relevant con-
tributing elements.

Although the MFIS has been used in many neurological disor-
ders, such as multiple sclerosis and Parkinson disease [14–16], it 
has never been employed in neuromuscular disorders and in CMT 
subjects. This scale is easy to administer and allows the presence of 
fatigue to be explored in terms of different domains, such as physi-
cal, cognitive and psychosocial functioning. It was preferred to other 
scales used in previous studies as it better outlines the explored do-
mains, is based on more objectively defined actions of daily life and 
embraces a longer period of time (4 weeks vs. the 2 and 1 of the CIS 
and FSS, respectively).

Until now, only a few studies have investigated the presence 
of experienced fatigue in CMT; two of them used the FSS [10,17], 

which is a very simple scale consisting of nine items [9], whilst three 
others employed the CIS [5, 8, 27], a self-reported multidimensional 
instrument which assesses four different aspects of fatigue (subjec-
tive fatigue severity, concentration problems, reduced motivation 
and reduced activity level) [6], and they found that fatigue was re-
ported by a significant percentage of patients ranging from 43.2% to 
64% [8, 10, 13, 17].

Schillings et al. [5] studied both experienced and performance fa-
tigue in 73 CMT, 65 facioscapulohumeral dystrophy (FSHD) patients 
and 79 myotonic dystrophy (MD) patients by administering the four-
item Abbreviated Fatigue Questionnaire to assess the level of ex-
perienced fatigue at baseline and the CIS scale to assess the level 
of fatigue in the 2 weeks following the baseline visit during which 
patients performed a dynamometer test and surface electromyogra-
phy analysis to assess both peripheral and central fatigue, as well as 
fatigability. CMT patients were found to have levels of experienced 
fatigue higher than the 24 healthy controls, but similar to FSHD and 
MD subjects. The difference in amplitude of maximum voluntary 
muscular contraction before and after a voluntary sustained muscu-
lar activity, defined by the authors as central activation failure, was 
found to be higher than controls in all three groups of neuromuscu-
lar diseases, and in particular higher in CMT, indicating performance 
fatiguability [5].

In another series of 137 CMT patients, the mean CIS fatigue 
score was 36.5, with a cut-off of 35 used to define severe fatigue, 
whilst the percentage of severely fatigued patients was 64%, 
similar to patients with other neuromuscular disorders (74% for 
Duchenne muscular dystrophy and 61% for FSHD) [8]. The FSS 
revealed the presence of fatigue in 52% of 81 CMT patients in the 

TA B L E  3  Correlations between MFIS scores and demographic and clinical characteristics of CMT, HADS and ESS scales, BMI

Physical MFIS-PH score
Cognitive MFIS-C 
score

Psychosocial MFIS-PS 
score

Total MFIS-T 
score

Age r = 0.15
p = 0.066

r = −0.03
p = 0.631

r = 0.07
p = 0.113

r = 0.08
p = 0.215

CMTES r = 0.33
p < 0.001

r = 0.08
p = 0.147

r = 0.22
p < 0.001

r = 0.26
p < 0.001

Disease duration r = 0.04
p = 0.544

r = −0.04
p = 0.587

r = 0.05
p = 0.549

r = 0.01
p = 0.946

Anxiety HADS-A score r = 0.57
p < 0.001

r = 0.71
p < 0.001

r = 0.55
p < 0.001

r = 0.70
p < 0.001

Depression HADS-D score r = 0.58
p < 0.001

r = 0.66
p < 0.001

r = 0.60
p < 0.001

r = 0.69
p < 0.001

General distress HADS-T score r = 0.63
p < 0.001

r = 0.74
p < 0.001

r = 0.62
p < 0.001

r = 0.76
p < 0.001

Sleepiness ESS r = 0.40
p < 0.001

r = 0.49
p < 0.001

r = 0.35
p < 0.001

r = 0.49
p < 0.001

Obesity BMI ≥ 30 r = 0.14
p = 0.036

r = 0.02
p = 0.674

r = 0.03
p = 0.584

r = 0.10
p = 0.123

Note: significant correlations are reported in bold.
Abbreviations: A, anxiety; BMI, body mass index; C, cognitive; CMT, Charcot–Marie–Tooth disease; CMTES, Charcot–Marie-Tooth Examination Score; 
D, depression; ESS, Epworth Sleepiness Scale; HADS, Hospital Anxiety and Depression Scale; MFIS, Modified Fatigue Impact Scale; PH, physical; PS, 
psychosocial; r, Spearman correlation; SD, standard deviation; T, total.
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study by Anens et al. [10]. In a double-blind randomized trial with 
ascorbic acid, Pareyson et al. [11] assessed fatigue with the VAS in 
277 CMT patients and obtained a mean score of 5 ± 2.7 at base-
line assessment, consistent with a moderate fatigue level, with 
no change after ascorbic acid treatment and no difference with 
the placebo group. In another study, Boentert et al. [13] admin-
istered the Multidimensional Fatigue Inventory scale, a 20-item 
scale investigating five dimensions of fatigue (general, physical 
and mental fatigue, reduced activities and reduced motivation), 
to 227 CMT patients and found higher levels of fatigue, a higher 
prevalence of daytime sleepiness assessed by ESS and worse 

sleep quality as defined by the Pittsburgh Sleep Quality Index 
with respect to 34 healthy controls.

Our results confirm previous reports in that the MFIS score was 
significantly higher in CMT subjects compared to controls, and ab-
normal fatigue was present in 36% (91/251) of CMT subjects. The 
lower prevalence of fatigue compared to other studies (36% vs. the 
43.2%–64% range) [8, 10, 13, 17] can be explained by the differ-
ences between scales.

The relationships between MFIS scores and several disease 
variables and other factors were analysed. Compared to patients 
without fatigue, those with abnormal fatigue (MFIS > 38) had 
more severe CMT assessed in several ways, that is, the composite 
measure of disability and impairment CMTES, the need for ankle 
foot orthoses and support for walking, the presence of positive 
sensory symptoms including pain, and the hand function disabil-
ity. CMT patients with abnormal fatigue also had more frequent 
evidence of mood disorders as revealed by the HADS question-
naire (anxiety 51% vs. 10%, depression 22% vs. 3% and general 
distress 33% vs. 3%), sleepiness according to the ESS (36% vs. 
16%) and obesity with BMI ≥ 30 (16% vs. 7%). Interestingly, HADS 
scores correlated well with all MFIS scores, ESS correlated mainly 
with the MFIS cognitive domain, CMTES and obesity with the 
physical domain.

Thus far, only a few studies have analysed the relationship be-
tween fatigue and mood disorders and showed conflicting results. 
In their study on 73 CMT patients, Kalkman et al. [27] found no cor-
relation between fatigue (assessed with the CIS) and mood disorders 
on using the Beck Depression Inventory (BDI) scale, neither did they 
find any difference with other neuromuscular disorders (FSHD and 
MD). On the other hand, Ivanovic et al. [17] observed that 56% of 
a series of 45 CMT1A patients complained of abnormal fatigue (as 
assessed by the FSS scale) and 29% had symptoms of depression 
according to the BDI. Interestingly, both BDI and FSS scores sig-
nificantly correlated with the Short Form Health Survey 36 scale, 
acting as predictors of a worse quality of life. Our study is the first 
to analyse the correlation between fatigue and mood disorders by 
using the HADS scale and indeed such a correlation was found be-
tween abnormal fatigue and anxiety, depression and general distress 
levels; mood disorders were related not only with general (total) fa-
tigue but with all fatigue domains, particularly with the cognitive and 
physical domains. It was also found that patients with fatigue more 
frequently took antidepressant/anxiolytic drugs, confirming such a 
relationship.

The use of analgesic/anti-inflammatory drugs was also higher 
amongst patients with fatigue, suggesting a role for pain in fatigue; 
notably, fatigued patients complained more frequently of positive 
sensory symptoms and pain.

No correlation of perceived fatigue with age and disease dura-
tion was found, which may seem strange for a progressive disorder; 
however, previous studies did not find such a correlation either [5, 8, 
10, 13, 17]. This suggests that several factors, beyond disease sever-
ity, which are independent of age and disease duration, contribute 
to the generation of fatigue. Interestingly, no progression of fatigue 

F I G U R E  1  Correlation graphs between MFIS score (Modified 
Fatigue Impact Scale, Total score in (a) and Cognitive subscore in 
(b)) and HADS-T score (Hospital Anxiety and Depression Scale, 
Total). r, Spearman correlation
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was assessed with VAS over 2 years in the 107 CMT1A patients of 
the placebo arm of the ascorbic acid trial [11]. Further longitudinal 
studies may shed light on the matter.

Our research suggests that fatigue has a multidimensional or-
igin and that, beyond the CMT disease itself, also neuropsychiat-
ric changes, somnolence and obesity play an important role in its 
generation, and such results may carry important consequences 
on management of CMT. Longitudinal studies may reinforce these 
conclusions.

This study has some limitations. First, patients were those 
participating in the national Registry, more liable to participate in 
investigations and may not be fully representative of the whole 
CMT population. Secondly, the HADS and ESS are rapid scales for 
investigating the presence of general distress and somnolence but 
do not allow a definite diagnosis of depression or anxiety and of 
sleep disorders, including sleep apnoea. Thirdly, the number of 
controls (recruited in seven of the nine centres in a 17%–37% ratio 
with respect to patients) was limited, but the differences were so 
striking that it is thought that this is not a major issue. The study 
was conducted before the COVID-19 pandemic and therefore it is 
free of the biases generated by the dramatic psychological impact 
of the pandemic.

In conclusion, our findings confirm that fatigue is a relevant 
symptom for CMT patients. CMT severity is only one of the deter-
minants of fatigue, as mood disorder, sleepiness, pain and obesity 
are contributing factors. Assessment and proper management of 
fatigue must become part of the evaluation and treatment of CMT 
patients, with the aim of alleviating disease burden. Treatment of 
fatigue should be multidimensional and addressed also to psycho-
logical status, sleepiness, pain and obesity management.
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