
Vol.:(0123456789)1 3

Neurological Sciences 
https://doi.org/10.1007/s10072-023-07169-x

ORIGINAL ARTICLE

Cognitive abnormalities in Becker muscular dystrophy: a mysterious 
link between dystrophin deficiency and executive functions

Laura Pezzoni1 · Roberta Brusa2 · Teresa Difonzo1 · Francesca Magri1 · Daniele Velardo3 · Stefania Corti3,4 · 
Giacomo Pietro Comi1,4 · Maria Cristina Saetti1,4 

Received: 13 June 2023 / Accepted: 28 October 2023 
© The Author(s) 2023

Abstract
Background Distrophinopathies are a heterogeneous group of neuromuscular disorders due to mutations in the DMD gene. 
Different isoforms of dystrophin are also expressed in the cerebral cortex and Purkinje cells. Despite cognitive abnormalities 
in Duchenne muscular dystrophy subjects that have been described in the literature, little is known about a comprehensive 
cognitive profile in Becker muscular dystrophy patients.
Aim The aim of this study was to assess cognitive functioning in Becker muscular dystrophy patients by using an extensive 
neuropsychological battery. Our hypothesis is that the most impaired functions are the highly intentional and conscious ones, 
such as working memory functions, which require a prolonged state of cellular activation.
Methods We performed an extensive neuropsychological assessment on 28 Becker muscular dystrophy patients from 18 
to 65 years old. As control subjects, we selected 20 patients with limb-girdle muscular dystrophy, whose clinical picture 
was similar except for cognitive integrity. The evaluation, although extended to all areas, was focused on prefrontal control 
skills, with a distinction between inhibitory processes of selective attention and activating processes of working memory.
Results and conclusions Significant underperformances were found exclusively in the Dual Task and PASAT tests, to dem-
onstrate a selective impairment of working memory that, while not causing intellectual disability, reduces the intellectual 
potential of patients with Becker muscular dystrophy.
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Introduction

Dystrophinopathies are related to the absence (Duchenne 
muscular dystrophy, DMD) or to the partial deficiency 
(Becker muscular dystrophy, BMD) of the dystrophin 
protein, encoded by the DMD gene on chromosome X. 
Although dystrophin is mainly expressed in the skeletal 

muscle, different isoforms are also expressed in other tis-
sues, including the brain. The massive gene of dystrophin 
contains in fact a set of tightly regulated promoters that gen-
erate eight cell-specific protein isoforms, which all share the 
same C-terminal domain but start from different N-terminal 
domains [1]. In neural cells, no less than five isoforms of 
dystrophin are expressed: two full-length isoforms, cerebel-
lar dystrophin and cortical dystrophin, and three short-form 
isoforms: Dp140, Dp116, and Dp71, which are the most 
abundant in the brain [2]. The function of all dystrophin 
isoforms in the brain is not entirely understood yet, but they 
appear to be involved in myelination during neural develop-
ment [3], synaptic modulation [4], and neuronal differentia-
tion through neuritis growth [5] as well as in cellular energy 
metabolism [6]. Their complete or partial loss in DMD and 
BMD seems to underlie the great variability of cognitive 
deficits observed in these individuals. Many studies in fact 
show a correlation between the risk of cognitive impairment 
in both DMD and BMD and cumulative loss of functional 
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isoforms expressed in the brain, determined by mutation 
position along the gene [2, 7]. Cognitive abnormalities asso-
ciated with DMD are well described in literature: the drastic 
loss of brain dystrophins is likely to cause a global alteration 
in neural and cortical development [8], resulting in compro-
mised intellectual functioning (medium intellective quotient 
(IQ) according to the Wechsler scale one standard deviation 
lower than the general population and 19–35% of intellec-
tual disability) [9], deficits in working memory, executive 
functions, reading and writing [10], and neuropsychiatric 
disorders [11]. Much less is known regarding a comprehen-
sive cognitive profile in BMD. A recent systematic review of 
literature by Ferrero and Rossi [12] highlights the scarcity of 
studies focusing on cognitive aspects of BMD and how most 
papers are primarily interested in the evaluation of global 
QI over the characterization of specific cognitive defects in 
these subjects. The consensus is that, despite an increased 
risk of intellectual disability (7–25%) in children and adults 
affected by BMD, average QI does not differ from the gen-
eral population. Only two studies to date aim to analyze the 
cognitive profile of BMD individuals, the works of Young 
et al. [13] and the pilot study by Biagi et al. [14]. Both works 
show a deficit in executive functions in BMD individuals, 
especially in working memory. Nonetheless, the scant litera-
ture available presents some limitations. First of all, stud-
ies often include a population of both children and adults 
[12], reaching conflicting conclusions. Moreover, deficits 
in executive functions and working memory were inferred 
from verbal subtests of WISC-III and not using specific tests 
assaying executive functions [13, 14]. Finally, the studies 
confront the intellectual functions of children whose motor 
impairment and general frailty affect social relationships and 
psychological equilibrium with those of children in normal 
living conditions.

The present study arises from the hypothesis that the 
BMD neuropsychological profile is characterized by a pre-
served global intellectual functioning with a deficit in execu-
tive functions and especially working memory. Contrary to 
what happens in DMD, in fact, individuals affected by BMD 
have in most cases enough brain dystrophin to ensure a phys-
iological cortical development and therefore a preserved 
global intellectual functioning (IQ). Nonetheless, given its 
role in cellular energy metabolism and membrane stability, 
dystrophin deficiency could disrupt neural communication, 
taking a heavier toll on areas that establish numerous con-
nections throughout the brain and that support cognitive 
functions with high energy impact, namely the prefrontal 
cortex and executive functions. “Executive” or “control” 
functions (EF) are a group of higher-level functions that, 
influencing lower-level sensory and motor processes as well 
as other cognitive functions, orchestrate our thoughts and 
behavior in accordance with internal goals [15]. All control 
functions are highly intentional, conscious, and complex 

and require a prolonged cell activation state [15]. However, 
selective attention arises from inhibitory processes (inhibi-
tion of stimuli, thoughts, or actions that interfere with the 
objective), whereas working memory is mainly based on 
activating pathways possibly requiring more energy, and 
thus, it may be more affected by dystrophin deficiency in 
BMD. Working memory (WM) is the ability to process 
information temporarily kept in consciousness, thanks to the 
short-term memory “reservoir,” to achieve a particular goal 
[16]. Every time a piece of information is used for any cog-
nitive task (e.g., reviewed or employed to make a decision), 
we are exercising WM, whose neural substrates include the 
cerebellum and especially the dorsolateral prefrontal cortex 
(DLPFC) [17].

To exert cognitive control, EF arise from circuits that 
involve the brain globally, but the prefrontal cortex (PFC) 
is considered a key neural substrate for all of them [15]. It 
establishes connections with sensory and high-order associa-
tive areas, motor cortexes, and subcortical structures [15], 
integrating multiple stimuli for an accurate representation 
of inner needs and environmental context and requests [18, 
19], and influencing the subordinate areas by inhibition and 
activation of neural pathways [20]. Within PFC, the orbito-
mesial prefrontal cortex (OFC) is specifically involved in 
value-based decision-making [21], while the dorsolateral 
prefrontal cortex (DLPFC) finally receives and processes 
information from all the other prefrontal areas to finalize 
behavioral choices, sending outputs to premotor and motor 
areas [22]. It guarantees the automation and velocity of deci-
sion-making [23], and it is superordinate of all the prefrontal 
areas standing at the very vertex of the hierarchy of cogni-
tion. Moreover, it is specialized in the control, selection, 
and manipulation of information within working memory 
[17]. Extremely complex signal integration processes take 
place at this level, requiring considerable metabolic input, 
hence making in our opinion DLPFC in particular—and 
more broadly PFC—extremely sensitive to a dystrophin defi-
ciency. Observationally, in the neuropsychological examina-
tion of BMD subjects, we expect to find a selective deficit 
of executive functions and specifically of working memory, 
despite a normal intellectual functioning. The aim of this 
study is therefore to assess cognitive functioning in BMD 
subjects using an extensive neuropsychological battery, 
focusing especially on executive functions.

Methods

Cohort selection

Twenty-eight male adult patients with Becker muscular dys-
trophy (BMD) and 19 adult male and female patients with 
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limb-girdle muscular dystrophy (LGMD) were enrolled in 
this study.

BMD patients were recruited during a 9-month period 
from patients with phenotypic, bioptic, and immunohisto-
chemical characteristics and molecular diagnosis of Becker 
muscular dystrophy afferent to the Neuromuscular Diseases 
Center, Neurology U.O.C. of the “Policlinico Maggiore” 
Hospital, in Milan. Patients were excluded in case of sus-
pected clinical cognitive decline, history of any other signifi-
cant neurological or psychiatric disorder, non-neurological 
comorbidities that could potentially compromise neuropsy-
chological testing results, and use of psychotropic drugs.

Genetic diagnosis of dystrophinopathy was carried out 
by MLPA (multiple ligation-depended probe amplification) 
and, if negative, by direct sequencing of the DMD gene. 
Most patients (26/28) carry a deletion of one or more exons 
in the dystrophin gene, the other 2 patients carry a micro-
deletion (c.676–678del). Among patients with exon dele-
tion, exon 45 is involved in 18 subjects: 13 subjects carry a 
45–47 deletion, three subjects a 45–48 deletion, one subject 
a 45–49 deletion, and one subject a 45–53 deletion. In the 
remaining cases, we have exon 3–4 deletion (3 subjects), 
exon 3–6 deletion (2 subjects, siblings), exon 3–7 deletion 
(1 subject), and exon 12–19 deletion (2 subjects). Of all the 
patients, only one subject carries the 45–53 deletion, which 
includes exons 51 to 53 and is predicted to disrupt Dp140. 
No further patients carry mutations in the distal portion of 
the DMD gene, known in the literature to be associated with 
higher rates of intellectual disability and cognitive abnor-
malities [7].

LGDM patients were enrolled as control subjects, to 
exclude that an environmental bias, related to the physical 
and social limitations imposed by the motor impairment, 
interfered with the comparisons. LGMDs are a complex and 
heterogeneous group of disorders, whose clinical expres-
sion is similar to that of dystrophinopathies, with which 
they enter into differential diagnosis. They are caused by 
the mutation of proteins essential for muscle and heart fibers, 
without CNS involvement. LGMD patients were recruited 
too during a 9-month period among patients of the Neuro-
muscular Diseases Centre, Neurology U.O.C. of the “Poli-
clinico Maggiore” Hospital, in Milan. Inclusion criteria 
were clinical findings of limb-girdle muscular dystrophy, 
dystrophic changes at muscle biopsy, and genetic muta-
tion indicative of LGMD. Exclusion criteria are the same 
as above for BMD patients; moreover, we have excluded 
patients whose LGMD was due to POMT1 and POMT2 
mutations (LGMD R11 and LGMD R14 dystrophies) since 
they are associated in the literature with the presence of cog-
nitive deficits [24].

Our LGMD cohort was comprehensive of three subjects 
affected by LGMD R2, six subjects affected by LGMD R1, 
two subjects affected by LGMD R12, four subjects affected 

by LGMD R4, two subjects affected by LGMD R5, one sub-
ject affected by LGMD R3, one subject affected by LGMD 
23, and one subject affected by LGMD R9.

Informed written consent was acquired from all par-
ticipants during the first evaluation, and this research was 
approved by the Ethics Committee of IRCCS Foundation 
Ca’ Granda Ospedale Maggiore Policlinico of Milan.

The clinical and demographic characteristics of the 
selected patients are shown in Table 1 (see Table 1). Dis-
ease severity is expressed by the MFM scale score (range 
1–96) [25]. The two groups did not differ significantly in age 
(t = 1.28; df = 45; p < 0.002) and schooling (t = 1.75; df = 45; 
p = ns), disease severity (t = 1.30; df = 40; p = ns), and dura-
tion (t = 0.365; df = 44; p = ns), while they differed in gender, 
BMD being an x-linked disease expressed exclusively in 
males. We decided to include female LGMD control subjects 
in order not to reduce the group size. The difference was 
taken into account in the data analysis.

Neuropsychological assessment

All patients underwent a series of standardized neuropsy-
chological tests, including a self-reported depression ques-
tionnaire, in a single session lasting approximately 90 min. 
Two LGMD patients were not able to perform motor tasks 
because of the severity of the motor disorder in the upper 
limbs, and three LGMD patients could not perform verbal 
tasks because of severe bucco-facial impairment. All BMD 
patients underwent the full battery, except for one patient, 
not an Italian native speaker, who refused to perform the 
Word-pair learning task. The evaluation, although extended 
to all areas, was focused on prefrontal control skills, with a 
distinction between inhibitory processes of selective atten-
tion and activating processes of working memory.

Table 1  Mean values (standard deviations) of demographic variables 
of BMD e LGMD patients compared

BMD LGMD Comparison

Sex M, 28 M, 12
F, 0 F, 7

Age (years) 35.96 (11.60) 43.25 (18.70) T = 1.28
p = ns
Df = 45

Education (years) 12.00 (3.10) 11.95 (3.23) T = 1.75
p = ns
Df = 45

Disease severity (MFM) 76.00 (6.01) 70.81 (18.94) T = 1.30
p = ns
Df = 40

Disease duration (years) 25.25 (9.54) 24 (13.74) T = 0.37
p = ns
Df = 44
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Short-term memory and working memory are intrin-
sically linked; there are no specific neuropsychologi-
cal tests for either function; they are always assessed 
together. However, a task will engage WM the more 
the manipulation of the elements is required [18]. The 
tests assaying working memory in the battery, listed in 
order from those that engage working memory the most 
to those engaging it the least, are as follows: Dual Task 
[26], Paced Auditory Serial Addition Test (PASAT) [27], 
Corsi Span-Backward, and Digit Span-Backward [28].

The battery also included tests assaying other prefrontal 
functions such as attention, cognitive flexibility, and deduc-
tive reasoning, such as Frontal Assessment Battery (FAB) 
[29], Raven’s Coloured Progressive Matrices [30], Trail 
Making Test (TMT) [31], Alternate Fluency Test [32].

Memory functions were tested using Digit Span-For-
ward and Corsi Span-Forward [28]; word-pair learning 
task [33] and Recurrent Faces Test [34].

Language was tested using the Boston Naming Test 
[35] and the Verbal Fluency Test [32]. Constructive skills 
were evaluated with the Drawing Copy Test [36].

Lastly, the Beck Depression Inventory-II (BDI-II) [37] 
was included in the battery in order to screen for affective 
disorders that could influence test performance.

Statistical analyses

A linear mixed model was adopted to test the effect of 
the Group on the corrected scores, addressing the sub-
ject as the cluster. Normality assumptions were tested on 
residual, graphical (Q-Q plot), and inferential levels (Sha-
piro Wilk’s). The significance level was set a α = 0.05. For 
each test, we compared the frequency of BMD and LGMD 
pathological scores by chi-squared test. We used norma-
tive data from the literature to establish whether the scores 
achieved by each patient are pathological compared to the 
healthy population.

Results

A significant main effect of group (F(19, 45) = 7.95;p = .048) 
was detected. Univariate tests show that BMD patients per-
form significantly worse than LGMD patients on the Dual 
Task (F(1, 45) = 10.70;p = .002).

Furthermore, BMD patients’ scores tend to be 
lower although they do not differ significantly on the 
PASAT (F(1, 45) = 3.21;p = .081) and Raven’s test 
(F(1, 45) = 3.02;p = .090).

Table 2  Mean (standard 
deviation) of the scores. 
Between-groups comparison

1 Significant between-group comparison
2 Tendency towards significance

BMD LGMD F p

Dual task 75.42 (21.45) 94.58 (7.39) 10.69850 0.0021

PASAT 38.47 (11.94) 43.15 (6.55) 3.21513 0.0812

Corsi span-backward 4.46 (1.02) 4.82 (0.92) 2.44458 0.126
Digit span-backward 3.81 (0.87) 4.26 (1.20) 1.83425 0.184
Corsi span 5.52 (1.26) 5.47 (1.21) 0.10686 0.746
Digit span 6.01 (0.92) 5.94 (1.08) 0.13825 0.712
TMT A 37.89 (11.05) 34.56 (16.92) 0.60472 0.442
TMT B 93.79 (40.48) 102.31 (31.57) 0.26984 0.606
TMT B-A 55.57 (34.66) 61.25 (35.81) 0.17383 0.679
Phonemic fluency 36.24 (9.22) 36.82 (11.50) 0.30850 0.582
Semantic fluency 41.71 (6.20) 43.24 (9.75) 1.47614 0.232
Alternate fluency 31.67 (8.14) 31.82 (8.71) 0.07805 0.781
Composite shifting score 0.80 (0.18) 0.80 (0.14) 0.01387 0.907
FAB 15.99 (1.60) 16.16 (1.27) 0.48001 0.493
Raven’s colored PM test 30.09 (3.50) 31.68 (3.00) 3.02325 0.0902

Learning word pairs 14.62 (2.87) 12.06 (3.36) 7.36878 0.0101

Face learning 20.63 (2.69) 19.93 (2.99) 0.22016 0.642
Boston naming test 51.64 (5.26) 49.28 (5.56) 2.64831 0.112
Copy of drawings 13.28 (1.67) 12.72 (1.57) 0.15002 0.701
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Unexpectedly, BMD patients score better than LGMDs on 
the word-pair learning task (F(1, 45) = 7.37;p = .010) . The 
mean test scores of BMD and LGMD patients and between-
group comparisons are shown in Table 2.

The data of either pathological group did not clearly 
conform to a normal distribution. The scores obtained by 
BMD and LGMD patients on the Dual Task and the Drawing 
Copy Test were not normally distributed, nor were the scores 
obtained by BMD patients on the Corsi Span-Backward and 
FAB.

Comparisons between groups with nonparamet-
ric statistics (Kruskal–Wallis test) confirmed a sig-
nificant difference in performance at Dual Task 
(χ2 = 12.22;p < .001) , while BMD patients did not differ 
from LGMDs at all other tests.

BMD patients achieve more falls than LGMDs on Dual 
Task ( χ2 = 11.43;p < .005) and PASAT (χ2 = 6.00;p < .025) . In 
all other tests, no significant differences emerged between 
groups. Frequencies of pathological scores and between-
group comparisons are shown in Table 3.

The two groups also do not differ in the percent-
age of scores indicative of depression (BMD = 10.7%, 
LGMD = 25%; χ2 = 1.55,  p  = ns)  nor by mean 
score (BMD = 5.93 ± 8.00, LGMD = 8.94 ± 7.80; 
F(1.42) = 1.47, p = ns).

Discussion

We elected as control subjects 19 patients affected by limb-
girdle muscular dystrophy (LGMD), a heterogeneous group 
of congenital myopathies with different genetic basis and 
pathogenesis, defined by a clinical picture similar to that of 
BMD, except for cognitive integrity. We compared the two 
groups to avoid the possibility of an environmental bias. 
In fact, if paired with healthy control subjects, as done by 
present studies [12], any cognitive deficit found in BMD 
patients could possibly be related to social and psychological 
difficulties encountered by BMD children in developmental 
age due to their motor disease and general frailty.

The results show that BMD subjects have a preserved 
global intellectual functioning compared to LGMD patients, 
with a non-significantly decreased score at the Raven Col-
oured Progressive Matrices Test, assaying logical reason-
ing. This is in line with the existing literature, according 
to which average QI is normal or borderline compared to 
normal population QI [12].

No deficits in language, memory, and praxis emerged 
compared to LGMD patients, but the results showed a 
selective deficit in executive functions (see Table  3). 
Within EF, BMD patients seem to fail at complex tasks 
requiring sustained attention and the use of working 

Table 3  Frequencies of 
pathological scores. Between-
group comparison

1 Significant between-group comparison

BMD LGMD χ2 p

Dual task 14/28 (50.0%) 0/17 (0.0%) 12.300  < 0.0011

PASAT 7/28 (25.0%) 0/17 (0.0%) 5.030 0.0251

Corsi span-backward 6/28 (21.4%) 1/17 (5.9%) 1.950 0.163
Digit span-backward 9/28 (32.1%) 3/19 (15.8%) 1.590 0.207
Corsi span 6/28 (21.4%) 3/17 (17.6%) 0.094 0.758
Digit span 2/28 (7.1%) 1/19 (5.3%) 0.067 0.796
TMT A 1/28 (3.6%) 0/16 (0.0%) 0.585 0.444
TMT B 0/20 (0.0%) 0/16 (0.0%) 0.000 1.000
TMT B-A 2/28 (7.1%) 1/16 (6.3%) 0.013 0.910
Phonemic fluency 2/28 (7.1%) 1/17 (5.9%) 0.027 0.869
Semantic fluency 2/28 (7.1%) 2/17 (11.8%) 0.279 0.597
Alternate fluency 1/28 (3.6%) 0/17 (0.0%) 0.621 0.431
Composite shifting score 2/28 (7.1%) 0/17 (0.0%) 1.270 0.260
FAB 2/28 (7.1%) 1/17 (5.9%) 0.027 0.869
Raven’s Coloured PM test 0/28 (0.0%) 0/19 (0.0%) 0.000 1.000
Learning word pairs 0/28 (0.0%) 1/18 (5.6%) 1.590 0.207
Face learning 2/28 (7.1%) 3/19 (15.8%) 0.890 0.345
Boston naming test 1/28 (3.6%) 2/18 (11.1%) 1.02 0.312
Copy of drawings 1/28 (3.6%) 1/17 (5.9%) 0.133 0.715
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memory, as is shown by their lower performance at PASAT 
and significantly reduced scores at Dual Task. Having nor-
mative data available, we also compared the frequencies 
of pathological scores in the two groups (see Table 3). 
At the Dual Task and at PASAT, pathological scores are 
significantly more frequent in the BMD group, whereas 
all LGMDs report normal scores. In other tests, assay-
ing selective attention and working memory, such as the 
Trail Making Test and Alternate Fluency Test, BMD and 
LGMD patients performed comparably. These two tests 
also require WM and cognitive flexibility, since they ask 
to alternate tasks that require different thinking strategies, 
but PASAT and Dual Task entail a higher commitment 
of WM for prolonged periods of time. It would appear, 
therefore, that BMD patients are able to automate sim-
ple tasks and possibly to modulate them, but that they 
encounter significant difficulties in automating conscious 
tasks requiring high attentional engagement throughout 
their duration.

Of note is the wide variability in the results at the Dual 
Task and PASAT (DS Dual Task 21.45, DS PASAT 11.94). 
A wide range in the scores has also been observed in studies 
investigating global intelligence [12] and BMD neuropsy-
chological profile [14]. It could depend on the different 
degrees of expression of dystrophin and particularly of its 
brain isoforms.

A further consideration is the fact that the scores obtained 
by BMD and LGMD patients on the Dual Task and the 
Drawing Copy Test were not normally distributed, nor were 
the scores obtained by BMD patients on the Corsi Span-
Backward and FAB. As these are tasks that require motor 
skills, it is possible that the motor severity of both BMD and 
LGMD patients influences the distribution of the scores, but 
not the comparison between the groups.

In agreement with our hypotheses, the neuropsychologi-
cal profile of BMD subjects seems to be characterized by 
a selective deficit of Working Memory, the executive sys-
tem that deals with the manipulation of temporarily stored 
information for the performance of cognitive tasks. This 
is in accordance with the emerging literature [13, 14] that 
until now has preliminary assessed WM through the WM 
index of the Weschler Scale of Intelligence. This deficit in 
WM could be ascribed to the metabolic burden given by the 
presence of abnormal dystrophin. On the one hand, lack of 
dystrophin may result in the limitation of cellular processes 
not strictly necessary for survival (e.g., neuromediator syn-
thesis and its transmission to the synaptic button), given 
its importance in cellular energy and metabolism; on the 
other hand, it could lead to intrinsic membrane instability, 
which interferes with the transmission of electrical impulses. 
The result is an impaired neuronal communication, affecting 
prominently the dorsolateral prefrontal cortex DLPFC, and 

the conscious processes underlying cognitive functions that 
require a prolonged state of cortical activation, such as WM.

We believe it would be of great interest to perform fMRI 
studies of DLPFC as well as of the circuitry that serves as 
the anatomical substrate for working memory functions in 
BMD subjects. A pilot study by Biagi et al. [14] in 2022 
has been the first to confront neuropsychological profiles 
in BMD and DMD and brain connectivity through fMRI. 
Interestingly enough, in BMD children, there is a correla-
tion between a reduced WM index at WAIS and a reduced 
connectivity between the prefrontal cortex and cerebellum 
(cortico-ponto-thalamic tract), both known anatomical sub-
strates for WM.

We would like to draw attention to some criticisms of 
our study. Given the low incidence of the diseases, we could 
not pair LGMD control subjects with BMD patients accord-
ing to clinic and demographic characteristics. Even though 
the average disease severity between the two groups does 
not differ, five LGMD patients were accused of high upper 
arms or bucco-facial severity that prevented them from com-
pleting some of the tasks, while no BMD patients exhibited 
motor deficits that hindered task execution. Furthermore, 
although BMD occurs only in males, we decided to include 
female subjects in the LGMD controls, in order not to limit 
the sample size. However, this increases the risk of error in 
the comparison, even though the analyses were performed 
on scores corrected for demographic variables as normative 
data were available.

The selection of the control group deserves further com-
ment. We excluded from our study LGMD patients with 
LARGE, POMTGnT1, POMTT1, and POMTT2 mutations, 
which are all related to α-glycotransferase disfunction and 
are associated in the literature with brain malformations 
with cognitive impairment and epilepsy [38]. Nonetheless, 
other LGMDs could potentially have an altered neuropsy-
chological profile, despite the absence of structural brain 
abnormalities or even with an average normal QI and pre-
served global brain function. This has been reported for 
another α-glycotransferase-related LGMD, that is R9-FKRP 
or LGMD2I [39], and it could be true in R3-R4-R5-R6 
LGMDs, which are related to sarcoglycans deficiency, even 
though these subjects are as of today considered cogni-
tively normal. Both dystroglicans and sarcoglycans are in 
fact functionally related to dystrophin and are expressed in 
the brain, although at lower levels than dystrophin isoforms 
[40]. In our cohort, we have one patient affected by LGMD 
R9, FKRP-related, and he did not fall at any test of the bat-
tery. Despite being rare diseases, we also have 6 out of 19 
patients affected by LGMD R3, R4, and R5. None of our 
LGMD patients showed signs of global cognitive impair-
ment, and we did not attempt to exclude LGMD patients 
with selective deficits in cognitive functions. Evaluating the 
neuropsychological profile of R3 to R6 LGMDs in search 
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of an executive functions deficiency, possibly mirroring the 
result of lack of dystrophin, could be an interesting object of 
further research. As of this study, the significant difference 
in WM function emerging from the two groups emphasizes 
even more so the weight of dystrophin deficiency on pre-
frontal functions.

Finally, in order to focus on higher-level functions, we 
excluded from the study BMD patients suffering from neu-
ropsychiatric disorders, despite the high prevalence in BMD 
clinical spectrum of comorbidities such as autism spectrum 
disorders, ADHD, schizophrenia, and intellectual disability. 
These conditions represent the most severe consequences 
of partial dystrophin deficiency; therefore, the exclusion of 
these patients suggests a higher prevalence of cognitive dis-
turbances in the BMD population than found in this study 
[12]. We believe that neuropsychiatric disorders in BMD are 
likely associated with a prefrontal disfunction that does not 
limit to DLPFC but involves the orbitomesial cortex, caus-
ing alterations in the limbic system responsible for clinical 
pictures of varying severity. This hypothesis too could be the 
object of further research.

In conclusion, patients with Becker’s muscular dystrophy 
fall extremely selectively on complex tasks requiring the use 
of working memory.

Understanding the neuropsychological profile and cog-
nitive and neuropsychiatric comorbidities of BMD subjects 
could help create specific and sensitive assessment protocols, 
to be offered early at the time of diagnosis, as is already stand-
ard of care for DMD patients [41]. On the other hand, the 
neuropsychological study of patients with dystrophinopathies 
can help us better understand what anatomical substrates and 
physiological mechanisms underlie complex cognitive func-
tions such as executive functions and working memory.
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