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Abstract

Objective: Neurodevelopmental disorders are frequently and heterogeneously diagnosed among

patients with dystrophinopathies. The authors aimed to evaluate how the symptoms of Atten-

tion-Deficit/Hyperactivity Disorder (ADHD), Obsessive-Compulsive Disorder (OCD), or Autism

Spectrum Disorder (ASD), and genotype are related to DMD genotype.

Methods: In an observational cross-sectional study, standardized instruments were applied to 50

participants and their caregivers, mainly from a reference center for rare diseases in Southern

Brazil (n = 38) or other Brazilian centers (n = 12). Participants were divided according to geno-

type and affected dystrophin isoforms.

Results: The overall diagnostic rate of symptoms of ASD was 34 %, similar to OCD (35.5 %), with

half of the participants (51.4 %) having symptoms compatible with ADHD. Cerebral isoforms were

affected in more than half of the participants (52 %). Symptoms compatible with ASD and OCD,

and Childhood Autism Rating Scale (CARS) scores were associated with genotype and impairment

of cerebral isoforms of dystrophin.

Conclusions: The prevalence of symptoms compatible with ASD (and higher CARS scores) and

OCD among patients with dystrophinopathies are related to the position of the causal variant in

DMD and the consequent involvement of cerebral isoforms, indicating an important genotype-

phenotype correlation. The diagnosis of a patient with a genotype that affects these isoforms

indicates the need for neuropsychological assessment and multidisciplinary follow-up.

© 2025 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 Introduction

2 Dystrophinopathies are neuromuscular disorders caused by
3 the absence/reduction of dystrophin function, a product of
4 the DMD gene located on Xp21. Single nucleotide or copy
5 number variations of DMD result in clinical forms whose
6 severity is related to the residual protein activity [1,2].
7 At the most severe end of the dystrophinopathy spec-
8 trum is Duchenne muscular dystrophy (DMD), which occurs
9 when there is a complete absence of dystrophin. DMD

10 affects 1 in 5,000 live-born boys [3]. It is characterized by
11 delayed motor milestones, pseudo-hypertrophy of calf
12 muscles, and progressive muscle weakness that invariably
13 leads to loss of ambulation in early puberty and cardiopul-
14 monary complications in the third decade of life [4,5]. On
15 the other hand, Becker muscular dystrophy (BMD) is
16 marked at the cellular level by residual dystrophin activity
17 and is clinically manifested by muscle cramps and weak-
18 ness. BMD is also noteworthy for its cardiac muscle
19 involvement [4].
20 Despite their muscular phenotype, neurodevelopmental
21 disorders have been observed since the description of DMD
22 and can be the initial presentation of the disease [6,7]. In a
23 recent systematic review involving 3121 participants, the
24 prevalence of neurodevelopmental disorders such as
25 autism Spectrum Disorder (ASD), obsessive-compulsive dis-
26 order (OCD), and attention-deficit/hyperactivity disorder
27 (ADHD) was higher than expected for the general popula-
28 tion, reaching rates as high as 21 %, 33 %, and 50 %, respec-
29 tively [8].
30 Initially associated with functional impairments related
31 to the disease or even environmental factors, the hypothesis
32 of a biological role of dystrophin in central nervous system
33 development was raised from the observation of the concor-
34 dance of intelligence quotient between affected siblings
35 with dystrophinopathies [9]. Subsequently, this role was
36 found to be related to the neuronal expression of dystrophin
37 during neurodevelopment [10].

38The DMD gene consists of 79 exons and 7 promoters, gen-
39erating tissue-specific isoforms. The largest isoform, Dp427,
40with 427 kDa, is expressed in skeletal and cardiac muscle.
41Smaller isoforms like Dp140 and Dp71 are abundant in the
42brain, and their promoters are located in the second half of
43the DMD gene. Variants starting from exon 51 affect Dp140
44in addition to muscle isoforms, and variants starting from
45exon 63 affect all dystrophin isoforms, including Dp71
46(Figure 1) [11].
47The association between the manifestation of neurodeve-
48lopmental disorders and the genotype of DMD patients is
49consistent for intelligence quotient, where they perform
501.0�1.5 standard deviations below the population average,
51being worse among those with impairment of brain isoforms
52[12,13]. For other neurodevelopmental disorders, despite
53their increased prevalence in this group, this relationship is
54not yet clear [14].
55In this multicenter study, the authors aimed to assess
56the prevalence of neurodevelopmental disorders among
57patients with DMD and BMD, including ASD, ADHD and OCD.
58Standardized and validated instruments were used to iden-
59tify how these disorders were related to the participants'
60genotypes.

61Methods

62Design and participants

63An observational cross-sectional study was conducted, in
64which all patients diagnosed with DMD or BMD seen at the
65Medical Genetics Service of the Hospital de Clínicas de Porto
66Alegre (HCPA) were invited to participate. Participants from
67other centers in Brazil were invited through a letter to the
68Aliança Distrofia Brasil (ADB) and through internal social
69media groups of the organization (for the recruitment flow-
70chart, see Supplementary Fig. 1). ADB is considered the

Figure 1 Schematic representation of chromosome X, DMD, isoforms of interests and studied groups. Exons close to each isoform’s

start codons are indicated on top for reference. In the middle, chromosomal position is given for studied isoforms. Below, n repre-

sents the number of participants in each studied group. Analysis considering the group Dp140b-/Dp71+ had a total of 44 participants,

once 6 participants had mutations between exons 44 and 51.
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71 largest Brazilian organization of people living with muscular
72 dystrophies, with 16 regional associations from the five
73 regions of the country. Inclusion criteria were: (1) having a
74 confirmed molecular diagnosis of DMD/BMD; (2) age of
75 4 years and older, with no upper age limit; (3) providing con-
76 sent to participate in the study. Those with variants of
77 uncertain significance in the DMD gene, participants with
78 DMD caused by Xp21 contiguous gene deletion syndrome, or
79 a diagnosis of other neurological or systemic conditions caus-
80 ing additional cognitive impairments, such as perinatal
81 asphyxia, stroke, or trauma, were excluded.

82 Isoforms of interest

83 For the comparative analysis of the frequencies of disorders
84 studied, participants were divided into groups based on
85 genotype and its affected isoforms. Subgroups were defined
86 as Dp140+, Dp140a-/Dp71+, Dp140b-/Dp71+, and Dp71-.
87 Dp140 has its promoter in intron 44 and the start codon in
88 exon 51. For comparative purposes, participants with var-
89 iants located beyond exon 44 were defined as Dp140a- and
90 beyond exon 50 as Dp140b [13].

91 Diagnostic instruments for neurodevelopmental
92 disorders

93 Participants were evaluated for ASD using the Childhood
94 Autism Rating Scale (CARS), which consists of 15 subitems
95 that assess behaviors known to be impaired in ASD with a
96 total score ranging from 15 to 60 [15]. ADHD was assessed
97 using the SNAP-IV, an instrument that uses the ADHD symp-
98 toms listed in the Diagnostic and Statistical Manual of Mental
99 Disorders (DSM-IV). It consists of 18 items divided into subar-
100 eas (hyperactivity and inattention), which can be scored
101 from "not at all" to "very much," based on the frequency of
102 symptom manifestations [16]. The presence of symptoms of
103 OCD was assessed using the Yale-Brown Obsessive Compul-
104 sive Scale for Children (CY-BOCS), which consists of ten ques-
105 tions that assess the time spent, interference caused,
106 related distress, resistance, and degree of control over
107 obsessive and compulsive thoughts and behaviors in children
108 and adolescents, resulting in a score ranging from 0 to 40
109 points [17].
110 Participants with a score of 30 or higher on CARS, with at
111 least six "quite a bit" or "very much" responses on the SNAP-
112 IV, or a score of 16 or higher on the CY-BOCS, were consid-
113 ered affected by one or more of the assessed disorders
114 [15�17]. As the project began during periods of widespread
115 social isolation resulting from the COVID-19 pandemic; to
116 minimize physical contact and gatherings, diagnostic instru-
117 ments were administered through online video interviews.

118 Statistical analysis

119 Normal distribution was assessed using the Shapiro-Wilk test
120 and histograms. Data were presented as frequencies and
121 percentages, mean and standard deviation, or median and
122 interquartile range. Scores from the CARS and CY-BOCS
123 scales were analyzed as continuous and categorical varia-
124 bles, and SNAP-IV was assessed categorically. Score compari-
125 sons between different subgroups were performed using
126 unpaired Student’s t-test or Mann-Whitney U test. Analysis

127of variance (ANOVA) or the Kruskal-Wallis test were used
128when comparing >2 groups. Differences between the fre-
129quencies of the disorders studied and genotypes were
130assessed by the chi-square test or Fisher’s exact test, provid-
131ing a 95 % confidence interval for the calculated odds ratio.
132The p-value of < 0.05 was considered significant. IBM SPSS
133Statistics 20 was used for the analysis.

134Ethical considerations

135The study was approved by the Research Ethics Committee
136of HCPA (2019�0384), and all participants or their legal rep-
137resentatives provided informed consent/assent prior to par-
138ticipation.

139Results

140Fifty-two participants and their guardians were interviewed
141between January 2021 and January 2023. Forty participants
142were recruited at HCPA, and twelve enrolled from other Bra-
143zilian centers through invitation by ADB. Two participants
144were excluded due to a molecular diagnosis of uncertain sig-
145nificance. No participants were excluded due to the pres-
146ence of other confounding clinical conditions. Descriptive
147data regarding age, age at diagnosis, phenotype, molecular
148diagnosis, treatment, and affected isoforms are presented
149in Table 1. Forty-three participants exhibited the DMD phe-
150notype, and seven participants presented the BMD pheno-
151type. All participants had a molecular diagnosis at the time
152of the interview, and the main type of variation was exonic
153deletions or duplications (64 %) of the DMD gene. All variants
154affected Dp427m, while cerebral isoforms were affected in
155more than half of the participants (52 %).
156All participants (n = 50) were assessed with the CARS, but
157due to specific age restrictions of the scales, 35 were evalu-
158ated with the SNAP-IV, and 31 with the CY-BOCS. The median
159CARS scores were 23.25 (17�31.12) in the study population,
160being statistically significantly higher among groups with
161involvement of the cerebral isoforms Dp140 and Dp71 (see
162Table 2), both in the analysis considering Dp140a (p = 0.003)
163and in the analysis considering Dp140b (p = 0.001). In the
164post-hoc analysis (Figure 2A), CARS scores were lower in
165Dp140+ participants compared to Dp140a-/Dp71+ (p = 0.035)
166and Dp71- (p = 0.002), with Dp140a-/Dp71+ scores being
167lower than those in Dp71- (p = 0.046), indicating a gradient
168where the more cerebral isoforms are affected, the higher
169the CARS score. When corrected for the Bonferroni test, the
170difference remained only between the Dp140+ and Dp71-
171groups (p = 0.005). Similarly, in the comparisons with
172Dp140b (Figure 2B), CARS scores were lower in Dp140+ par-
173ticipants compared to Dp140b-/Dp71+ (p = 0.011, p = 0.034
174after Bonferroni correction) and Dp71- (p = 0.002, p = 0.007
175after Bonferroni correction), with no difference in scores
176between Dp140b-/Dp71+ and Dp71- participants (p = 0.194).
177In categorical analysis, the overall diagnostic rate of
178symptoms of ASD was 34 %. Groups with affected cerebral
179isoforms had statistically significant higher prevalences
180(x2 = 9.674, df = 2, p = 0.008), with the group with more
181affected isoforms (Dp71-) having the highest positivity for
182ASD (100 %, see Table 2).
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183 Thirty-one participants were assessed with CY-BOCS, with
184 an average score of 11.26 (8.16), see Table 2. There were no
185 differences in CY-BOCS scores between the isoform involve-
186 ment groups when the data were analyzed continuously
187 (Figure 2C and D), in both analyses considering isoform
188 Dp140a-/Dp71+ (F = 2.593, p = 0.093) and Dp140b-/Dp71+
189 (F = 3.162, p = 0.062). However, in the categorical analysis
190 (Table 2), the trend found in the continuous analysis was sta-
191 tistically significant, with a higher prevalence of symptoms
192 of OCD in groups with affected cerebral isoforms (x2 = 6.884,
193 df = 2, p = 0.032). It is worth noting that eleven participants
194 (35.5 %) scored above 16, with only one of them in the
195 Dp140+/Dp71+ group.
196 Thirty-five participants were assessed using the SNAP-IV,
197 and over half of them (18/35, 51.4 %) presented symptoms
198 compatible with ADHD. The combined form, with the pres-
199 ence of inattentive and hyperactive symptoms simulta-
200 neously, represented half of the cases (9/18). There was no
201 association between the diagnosis of symptoms of ADHD and
202 the impairment of cerebral isoforms (x2 = 3.260, df = 2,
203 p = 0.196, comparisons with Dp140a-/Dp71+; x

2 = 3.589,
204 df = 2, p = 0.166, comparisons with Dp140b-/Dp71+). There
205 were also no differences between the isoform involvement
206 groups when analyzing the presence of hyperactivity alone
207 (x2 = 0.583, df = 2, p = 0.747, comparisons with Dp140a-/
208 Dp71+; x

2 = 0.514, df = 2, p = 0.773, comparisons with
209 Dp140b-/Dp71+) or inattention alone (x2 = 3.482, df = 2,
210 p = 0.175, comparisons with Dp140a-/Dp71+; x

2 = 3.589,
211 df = 2, p = 0.166, comparisons with Dp140b-/Dp71+).

212 Discussion

213 In this study, the authors demonstrated that the prevalence
214 of ASD and OCD among patients with dystrophinopathies is
215 related to the position of DMD variant and consequent
216 involvement of cerebral isoforms, indicating a genotype-
217 phenotype correlation, similar to what has been previously
218 described for intellectual impairment. Conversely, although

219ADHD is present in 50 % of participants, the authors did not
220find an association with the involvement of cerebral iso-
221forms.
222Since the description of DMD in 1868, the common occur-
223rence of intellectual and speech development delays among
224patients has been noted. Duchenne de Boulogne described
225the intellect of the first patients as "monotone" and their
226speech as difficult, initiating studies on the brain-muscle
227connection. Through gene expression data in brain tissue
228from DMD patients, it was possible to establish the tempo-
229ral-spatial location of different dystrophins and gain insights
230into how a protein considered strictly muscular could have a
231role in neurodevelopment [11]. Cerebral isoforms, mainly
232Dp140 and Dp71, are expressed heterogeneously in the
233brain, in specific subcellular locations, and at specific
234embryonic stages, performing various cellular functions,
235such as membrane stabilization, cell division, intercellular
236adhesion, and synaptic organization. The expression of
237Dp140 in oligodendrocytes seems to be crucial for the myeli-
238nation process, reinforcing the role of dystrophin in neuro-
239development [18].
240The overall diagnostic rate of symptoms related to ASD in
241this study was 34 %, higher than that observed by Ricotti et
242al. [19] at 21 % and Banihani et al. [20] at 15 %, and it was
243100 % among patients in the Dp140-/Dp71- group. Other
244studies that sought to evaluate the correlation between ASD
245diagnosis and the underlying genotype found trends toward
246higher prevalences among patients with impairment of cere-
247bral isoforms, but without statistical significance [19,21].
248Darmahkasih et al. [22] a retrospective study involving 700
249patients affected by DMD, found a diagnostic rate of ASD of
25014.8 % in the group with impairment of Dp71 and only 6.4 %
251in the group with predicted normal cerebral isoforms,
252although statistical significance was not demonstrated. The
253present study adds evidence that Dp71 impairment is impor-
254tant for understanding the unclear relationship between
255DMD and ASD. Doorenweerd et al. [11] demonstrated strong
256co-expression between cerebral isoforms of dystrophin and
257genes implicated in ASD and intellectual disability (ID).

Table 1 Clinicogenetic characterization of the DBMD cohort.

Median or frequency (IQR or %)

Age in years 12y 6 m (9�17)

Phenotype

DMD 43/50 (86 %)

BMD 7/50 (14 %)

Type of variant

CNV 32/50 (64 %)

SNV 18/50 (36 %)

Ambulatory stage 22/50 (44 %)

Treatment

Glucocorticoid 39/50 (78 %)

Ataluren 2/50 (4 %)

Ventilatory support 4/50 (8 %)

Dp140+ Dp140a-/Dp71+ Dp140b-/Dp71+ Dp71-

Dystrophin isoform 24/50 (48 %) 22/50 (44 %) 16/44 (36.4 %) 4/50 (8 %)

Note: Demographic, genetic and clinical data of DBMD cohort. Fifty patients were included in the initial analysis, but six patients had

mutations between exons 44 and 51 and were excluded when group Dp140b-/Do71+ was analyzed. BMD, Becker muscular dystrophy; CNV,
copy number variation; DMD, Duchenne muscular dystrophy; SNV, single nucleotide variation.
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258Genes co-expressed with Dp71 were mainly involved in
259receptor-receptor interaction, as well as vascular develop-
260ment. Additionally, fibroblasts from Dp71-deficient mice
261showed reduced metabolic activity and altered migration
262and proliferation rates, indicating a role for this isoform in
263these neuronal processes [23].
264The authors found a prevalence of 35.5 % of symptoms of
265OCD among participants, a result that is compatible with the
266higher prevalences of obsessive-compulsive behaviors in
267DMD patients compared to other children in the same age
268range described in the literature [24]. Pascual-Morena et al.
269[8] estimated an overall OCD prevalence of 12 % among DMD
270patients in a recent meta-analysis, compared to 1.23 % in
271the general population. Few studies have assessed the asso-
272ciation between OCD manifestation and patient genotype
273[22,25]. Darmahkasih et al. [22] found similar prevalences
274among the isoform groups studied (Dp427 vs. Dp260, 140 and
275116 vs. Dp71), ranging from 18 % to 25.7 %, with the lowest
276prevalence in the group with Dp71 impairment. Lambert et
277al. [25] did not observe any differences in OCD prevalence
278among the genotypic subgroups. In the only meta-analysis
279on the subject, the studied genotypes were not associated
280with a higher prevalence of OCD [14]. Patients with OCD
281exhibit significant changes in the volume and activity of the
282amygdala, a critical area for processing behaviors such as
283fear, anxiety, and reward primarily through glutamatergic
284pathways [26]. It has already been demonstrated that DMD
285expression in the adult human brain is high in the hippocam-
286pus and amygdala[11] Therefore, the loss of function of
287cerebral dystrophin could explain the manifestation of
288obsessive-compulsive symptoms in DMD patients, either
289through glutamatergic receptor dysfunction or amygdala
290neuronal architecture disorganization. The present study
291advances the understanding of the genesis of OCD in dystro-
292phinopathies by finding an association between a higher
293prevalence of this disorder and the involvement of cerebral
294isoforms. Only one patient diagnosed with OCD belonged to
295the group with predicted intact cerebral isoforms. Further
296studies of larger sample sizes and diverse populations are
297needed to confirm the present findings.
298The most common neurodevelopmental disorder among
299DMD patients appears to be ADHD, present in more than half
300of the present cohort. Pane et al. [27] found a 36.9 % positiv-
301ity rate in a prospective study using DSM-IV criteria, a num-
302ber similar to that found by Darmakahsih et al. [22] at 31 %.
303The association of this disorder with genotype is not a con-
304sensus. Ricotti et al. [19] reported an association between
305genotype and hyperactivity but not inattention, which was
306common in all groups evaluated, while Pane et al. [27], in a
307group of 103 patients, found a difference in the prevalence
308of ADHD among the genotypic subgroups of DMD, mainly for
309patients with mutations downstream of exon 63 and those
310with mutations in exons 45�55. Thangarajh et al. [28] in 193
311steroid-naive boys found no difference between the
312upstream or downstream DMD exon 45 groups.
313The landscape of dystrophinopathies has changed consid-
314erably over the past two decades, with increased life expec-
315tancy making cognitive/behavioral manifestations key
316contributors to the overall disease burden [29]. This trend is
317expected to intensify, as novel disease-modifying therapies
318are predominantly targeted at muscle tissue or fail to cross
319the blood-brain barrier. Consequently, addressing non-motor
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320 symptoms will become a critical unmet need in the future,
321 with understanding these dimensions being essential for the
322 development of therapeutics aimed at central nervous sys-
323 tem manifestations.
324 The multicenter study evaluated patients with DMD and
325 BMD from different social, ethnic, and genetic strata, using
326 validated instruments applied prospectively by a group of
327 trained physicians and psychologists to minimize internal
328 inconsistencies. Most participants had not received previ-
329 ously comprehensive evaluations for neurodevelopmental
330 disorders. Among the main study limitations is the overrep-
331 resentation of participants with DMD, with the data’s valid-
332 ity being better suited to DMD patients. Due to the limited
333 sample size, the authors did not perform analyses exclu-
334 sively for the DMD subgroup or the BMD subgroup, which may
335 introduce bias related to the inclusion of BMD cases. How-
336 ever, since these entities are contemporarily considered
337 spectra of the same condition and the location of variants
338 can influence non-motor phenotypes across the entire spec-
339 trum, the authors believe that this analysis holds greater
340 external validity for its findings in patients within the dystro-
341 phinopathy group. Another significant limitation is that 39

342out of 50 participants were using corticosteroids, the stan-
343dard treatment for DMD, which has considerable neuropsy-
344chiatric adverse effects such as cognitive impairments,
345behavioral changes, and long-term psychiatric disorders
346[30]. The use of corticosteroids among the isoforms did not
347differ in regimen or dose, and the only theoretical impact of
348the treatment on the results could be related to the slightly
349higher prevalence of different disorders in the entire sample
350compared to the literature. No statistical corrections were
351made for the use of corticosteroids due to the small sample
352size of steroid-naïve participants, but studies that made
353such comparisons [27,28] did not find a clear relationship
354between steroid regimen and ADHD, and in many patients,
355pre-existing hyperactivity symptoms were the primary con-
356traindication for use. Another limitation is that the scales
357used are more geared towards grading severity rather than
358diagnosing the neurodevelopmental conditions being evalu-
359ated. However, as there are thresholds suggesting symptoms
360consistent with such diagnoses and since assessments could
361only be done remotely due to the context of the COVID-19
362pandemic, this was the feasible strategy to address the
363research question. It is worth mentioning that the results

Figure 2 Effects of cerebral isoform impairment of dystrophin on autism and obsessive-compulsive disorder scores. CARS, child-

hood autism rating scale; CY-BOCS, Yale-brown obsessive compulsive scale for children. *p< 0.05; **p< 0.01.
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364 indicate a gradient where the more cerebral isoforms are
365 affected, the higher the CARS score, supporting the findings
366 also found in the categorical analysis.
367 In conclusion, the prevalence of symptoms compatible
368 with ASD and OCD among patients with dystrophinopathies is
369 related to the position of the causal variant in DMD and the
370 consequent involvement of cerebral isoforms, indicating an
371 important genotype-phenotype correlation. The diagnosis of
372 a patient with a genotype that affects these isoforms indi-
373 cates the need for neuropsychological assessment and multi-
374 disciplinary follow-up.
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