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Abstract
Background: Children with Duchenne muscular dystrophy report a higher rate of cognitive and psychiatric disorders
relative to general population. This study will describe and compare the psychiatric and cognitive problems in DMD
patients with healthy controls.
Results: A statistically significant difference was found between the case and control groups regarding Total IQ (TIQ)
with a mean of (82 ± 16) in cases compared to (94 ± 10) in controls, in which 58% of DMD boys had <90 TIQ and 40%
less than 70. We also found that 58% of cases have delayed onset of speech, 38% have attention-deficit/hyperactivity disorder, 6% have autism spectrum disorder, 14% have anxiety disorders, and 22% have major depressive disorder.
Ninety-two percent of cases had deletion mutations.
Conclusions: According to our results, we conclude that boys with DMD had a lower Total IQ and higher rate of psychiatric disorders than the general population. Also, school attendance and speech development are more affected in
DMD patients compared to controls, with more speech delay and dropping out of school. So, the authors of this study
recommend establishing cognitive and psychiatric screening as a routine in the evaluation and follow-up of DMD
children.
Keywords: Duchenne muscular dystrophy, Cognitive impairment, Psychiatric disorders
Background
Duchene muscular dystrophy (DMD), one of the most
prevalent genetic diseases, affecting around 1 in 3600–
6000 live male births [1]. It is an X-linked recessive
disease brought on by genetic changes that alter the dystrophin (DYS) protein, a key component of the dystrophin-glycoprotein complex (DGC). Progressive muscular
degeneration and non-progressive cognitive deficits are
a hallmark of the disease. Brain comorbidities may have
a more significant effect on the family than mobility for
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those with DMD [2]. Additionally, DYS has an important role in the architectural arrangement of the central
nervous system (CNS). It is involved in the organization
of gamma-aminobutyric acid type A (GABAA) receptors,
which are normally expressed at the postsynaptic membrane in inhibitory synapses of structures related to cognition and emotional behavior, such as the hippocampus,
amygdala, cerebellum, and sensory cortices [3].
The DMD gene has numerous separate, tissue-specific
promoters that work to create a variety of isoforms with
different lengths and splicing patterns. There are at least
seven promoters and eight dystrophin isoforms in the
DMD gene (Dp427p, c, m, Dp260, Dp140, Dp116, Dp71,
and Dp40). These isoforms are expressed in various tissue types and have names that reflect their relative sizes.
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It is believed that the isoforms Dp140 and Dp71, which
are only expressed in the brain, are crucial for fetal brain
development [2, 4].
Although the expression of dystrophin in the brain
is only 10% that of the muscle, the protein products of
the dystrophin gene are significantly more variable in
brain tissue. The primary protein expressed in the brain,
Dp71, is one of them. It is probable that Dp71 has a role
in blood brain barrier (BBB) function and the potential entry of peripheral inflammatory chemicals into the
brain because it is present near perivascular astrocyte
end foot. Dp427c is only found in neurons in the central
nervous system (CNS) and only in particular parts of the
brain, including the hippocampus, amygdala, cerebellar
Purkinje cells, and neocortex. For the development and
maintenance of new synaptic connections, Dp427’s interaction with DGC would be crucial [5].
Learning and behavioral issues in DMD can be identified early in infancy and can affect patients with cognitive impairment as well as those with IQs in the normal
to high range. Consistent reports show that Full Scale IQ
for DMD differs by one standard deviation from the general population [6]. However, screening for behavioral or
learning issues in DMD patients is not always performed,
and when it is, a range of different diagnostic tools are
used. There is not yet a set of DMD-specific diagnostic
tests available. Once it is, it will be possible to more accurately describe the incidence and severity of the cognitive profile. Understanding the potential relationships
between dystrophin isoforms and the cognitive profile
requires taking this important step [2].
In the meantime, dystrophin protein deficiency results
in neurobehavioral disorders such as attention-deficit/
hyperactivity disorder (ADHD), diseases of the autism
spectrum, and obsessive-compulsive disorder [7].
Children with DMD encounter specific problems in
cognitive functioning. A lower Verbal IQ (VIQ) than Performance IQ (PIQ) has been replicated numerous times.
However, these discrepancies are not demonstrated by all
children with DMD. Impairments have been reported in
confrontational naming, verbal fluency, reading, phonological and graphological production, receptive language,
expressive language, and verbal learning [8].
Furthermore, compared to other verbal or memory
measures, boys with DMD do worse on tasks requiring
attention to complicated verbal information. The potential for the missing dystrophin brain products to influence
specific types of cognitive functioning is considered [9].
On the other hand, there are a percentage of boys
with DMD who not only lack the full-length dystrophin
protein, but also one or more of the five smaller dystrophin isoforms that are localized in the CNS. Study of
the genotype–phenotype correlation in boys with DMD,
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especially in regard to behavior and cognition, is essential to understand the role of dystrophin in the CNS [10].
Surprisingly, the effect of neuromuscular diseases on
the cognitive function spectrum is still poorly understood
despite having a wide variety of clinical manifestations. In
contrast to the studies on how altered executive functions
in mental disorders such as anxiety, depression, and bipolar disorder can affect motor performance [11], in this
study we aimed to describe the psychiatric and cognitive
problems in DMD compared with healthy controls.

Methods
This is a cross-sectional analytical study conducted in
Okasha Institute of Psychiatry and neuromuscular clinic
of Ain Shams University hospitals; a hundred male children/adolescents, aged between 5 and 16 years, were
enrolled. They were divided into two groups: 50 boys
with genetically confirmed DMD in the case group compared to 50 healthy boys in control group. Sample size
was calculated using PASS 11 program for sample size
calculation, and according to [12], the expected proportion of psychosocial problems at children with DMD
= 15–47% (30 ± 15%), sample size of 36 controls, can
detect prevalence of cognitive psychosocial problems
in cases with 95% confidence level; based on this, the
needed sample size consisted of at least 36 patients in the
case group and 36 participants in the control group to
detect this difference.
All 100 boys had neuropsychological assessment by a
single clinical psychologist. Excluded from both groups
are patients who had any other medical or neurological condition, those with history of brain trauma or
surgical condition that could potentially impact cognitive functioning, symptomatic carriers, patients of
other types of muscular dystrophy, those who declined
to take part in the study, and those with severe speech
delay that prevent them from performing cognitive and
psychological tests.
Procedures

A standardized structured interview was held for each
patient covering domains including history of sociodemographic data such as age, consanguinity, educational status,
current psychiatric history, current general medical history, speech development, and onset of motor symptoms.
Genetic testing strategies for the DMD patients
included:
• Multiplex ligation-dependent probe amplification
(MLPA): to detect deletion/duplication of one or
more exons of the DMD gene.
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• Sanger sequencing: if the pathogenic variant involved
small variants such as missense, nonsense, small
insertion and deletion, and splicing variants. The
genetic testing was done in either Centogene laboratories in Germany or the Medical Research Centre of
Excellence (MRCE) in Egypt.
• Dystrophin gene isoform disruptions were predicted
in accordance to Taylor et al. [13].

Cognitive assessment

All 100 boys had psychological assessment by a single
clinical psychologist.
(1) For boys aged 6 years and above, the Wechsler
Intelligence Scale for Children WISC-IV. The
WISC-IV is divided into 15 subtests, with 5 new
subtests added to WISC-III. They include 3 core
tests—Picture Concepts, Letter-Number Sequencing, Matrix Reasoning—and 2 supplemental tests—
Cancellation and Word Reasoning. Full Scale IQ
was depending on the total combined performance
of the Verbal Comprehension Index, Perception
Reasoning Index, Working Memory Index, and
Processing Speed Index [14].
(2) Benton Visual Retention Test (BVRT): An individually administered test that assesses visual memory
and visual perception. It also helps in identifying
possible learning disabilities among other afflictions
that could affect a person’s memory. The subject is
instructed to duplicate each of the ten drawings on
plain paper as accurately as possible from memory
after being shown each of them one at a time. The
test has no time limit, and results are calculated
professionally by form, shape, pattern, and arrangement [15].

Assessment of psychiatric disorders

(1) The Mini International Neuropsychiatric Interview
for children and adolescents (MINI KID) [16]: The
version used in this study is the Arabic version that
was translated into Arabic language and had the
reliability and validity tests done by [17]: for diagnosis of presence of any psychiatric disorders.
(2) Conners’ Parent Rating Scale-Revised: Long Version (CPRS-R:L) [18] (For Those who have ADHD
symptoms in MINI KID) [19]. This is an 80-question rating scale that assesses symptom severity as
reported by parents.
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(3) Children Depression Inventory (CDI) [20] (For
Those who have Depression by MINI KID). It is a
27-item self-report screening measure for mood
symptoms in children. The parent-rated Arabic version of the scale prepared by [21] was used.
(4) The Childhood Autism Rating Scale (CARS) [22].
The Arabic version of this scale was prepared by [23].
(5) The Taylor Manifest Anxiety Scale (TMAS) [24]
(For Those who have Anxiety Disorders by MINI
KID). The Arabic version of the scale was prepared
by [25].
(6) CHILDREN’S
YALE-BROWN
OBSESSIVE
COMPULSIVE SCALE (CY-BOCS) [26]. The version used in this study is the Arabic version that
was translated into Arabic language and used by
[27] (For Those who have OCD symptoms by
MINI KID).
Statistical analysis

The collected data was revised, coded, tabulated, and
introduced to a PC using Statistical Package for the Social
Sciences (SPSS 25). Data was presented and suitable
analysis was done according to the type of data obtained
for each parameter using mean, standard deviation, and
range for parametric numerical data, while median and
interquartile range (IQR) for non-parametric numerical
data, the Student t test, the Mann-Whitney test, ANOVA
test, the Kruskal-Wallis, post hoc test, chi-square test,
Fisher’s exact test, correlation analysis (using Spearman’s
rho method). The p-value was used to indicate the level
of significance where p>0.05 is non-significant (NS) and
p < 0.05 is significant (S).

Results
The study sample is composed of 100 boys distributed
as 50 cases and 50 controls meeting the inclusion
and exclusion criteria

A. When comparing between the case and control
groups: a statistical significance regarding school
attendance (p<0.001) evident in that 19 (38%) of the
boys with Duchene muscular dystrophy (DMD) were
home-schooled and 8 (16%) stopped going to school
compared to 0% of the control group. There was
also a statistically significant difference in parental
consanguinity showing 20% of cases with 1st degree
consanguinity compared 0% in the control group. A
statistical significance was also evident in speech
development between cases and control with 92% of
the control group having normal speech development
compared to only 40% of cases, as shown in Table 1.
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B. When comparing between the two groups regarding Full Scale IQ (FSIQ): our results showed that
there was a highly significant difference in the TIQ
and all its subsets except similarities as the case
group had a median TIQ of (82±16) in comparison
to (94±10) in the control group. Also, it was found
that verbal IQ (VIQ) and Performance IQ (PIQ)
had a mean of (82±22) and (83±17) respectively
in the case group compared to a mean of (95±11)

and (94±8) in the control group. The lowest scores
in DMD boys were in general comprehension and
vocabulary with a median of 6 and digit span with
a mean of (6±2), as shown in Table 2 (at the end of
the document text file).
C. Regarding Total IQ (TIQ) distribution in the case
group, we found that those with <90 TIQ represented
58% of DMD boys with those less than 80 representing 40% of cases, as shown in Table 3.

Table 1 Comparison between the case and control groups in age, school attendance, consanguinity, and speech development
Group
Control

Case

Mean ± SD
N (%)

Mean ± SD
N (%)

Value

p-value

Sig.

9.86 ± 2.72

9.26 ± 2.86

t = 1.076

0.285

NS

Fisher’s exact test

<0.001

S

Yes

50 (100%)

23 (46%)

Home-schooled

0 (0%)

19 (38%)

Normal

46 (92%)

20 (40%)

Fisher’s exact test

<0.001

S

Delayed yet improved

4 (8%)

1 (2%)

Delayed till now

0 (0%)

29 (58%)

No

36 (72%)

36 (72%)

<0.001

S

1st

0 (0%)

10 (20%)

χ2 = 15.556

2nd

14 (28%)

4 (8%)

Age
School

Speech

Consanguinity

Test of significance

No

0 (0%)

8 (16%)

2

Student t test of significance (t). Chi-square test of significance (χ )

Table 2 Comparison between cases and control regarding Full Scale IQ (FSIQ)
Group

Total IQ (TIQ)
Verbal IQ

Test of significance

Control

Case

Mean ± SD
Median (IQR)

Mean ± SD
Median (IQR)

93.74 ± 9.68

94.82 ± 10.84

82.44 ± 16.37

81.92 ± 21.84

General comprehension

9 (8–11)

6.5 (6–8)

Arithmetic

9 (8–10)

7 (4–8)

Similarities

10 (9–11)

9.5 (7–14)

Vocabulary

9 (8–10)

6 (5–9)

Digit span (DS)

8.28 ± 1.76

6.18 ± 2.75

Forward DS
Backward DS
Performance IQ
Picture completion
Picture arrangement
Block design
Object assembly
Coding

5.24 ± 1.08

3 (2–3)

93.92 ± 8.33

9.74 ± 1.89

8.54 ± 1.64

9 (8–10)

8.08 ± 1.34

9.68 ± 1.66

Student t test of significance (t). Mann-Whitney test of significance (z)

3.8 ± 1.54

2 (2–2)

83.4 ± 17.23

8.2 ± 2.34

7.22 ± 2.08

8 (7–10)

7.12 ± 2.3

7.88 ± 3.21

Value
t = 4.202

t = 3.742

z = −4.641

z = −4.807

z = −0.563

z = −3.529

t = 4.543

t = 5.417

z = −3.907

t = 3.886

t = 3.619

t = 3.518

z = −1.880

t = 2.551

t = 3.521

p-value

Sig.

<0.001

S

<0.001

S

<0.001

S

<0.001

S

0.574

NS

<0.001

S

<0.001

S

<0.001

S

<0.001

S

<0.001

S

<0.001

S

0.001

S

0.060

NS

0.013

S

0.001

S
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Table 3 Distribution of TIQ in the case group
N

%

TIQ categories
High average

2

4.0%

Average

19

38.0%

Low average

9

18.0%

Borderline

10

20.0%

Mentally retarded

10

20.0%

D. During comparison of Benton Visual Retention
Test (BVRT) and presence of psychiatric disorders
and their severity by The Mini International Neuropsychiatric Interview for children and adolescents
(MINI KID), we found that BVRT showed no statistical significance between the two groups. Yet there
was a statistically significant difference (p=0.003)
evident in that 29 boys (52%) of the case group had
a positive MINI KID confirming the presence of psychiatric disorder compared to 16 boys (32%) of the
control group.
E. When comparing both groups regarding Conners’ assessment for ADHD and its subsets, there
was a significant difference (p=0.047) between the
2 groups as the case group had 19 boys (38%) with
ADHD compared to 10 boys (20%) of the control
group, with the case group having the lowest score in
oppositionality, yet with high scores in social aggression. When comparing different psychiatric disorders and their severity between the two groups, it was
found that there was no statistically significant difference regarding autism spectrum disorder (ASD) as
only 3 of the case group had positive The Childhood
Autism Rating Scale (CARS); also according to Taylor’s scale for anxiety, there was no statistically significant difference as the number of boys with anxiety was equal in both groups and no cases or controls
had obsessive-compulsive disorder (OCD). A statistically significant difference (p=0.007) was found in
presence of major depressive disorder (MDD) as 11
boys (22%) of the case group had positive Children
Depression Inventory CDI compared to 2 boys (4%)
in the control group. Of those with MDD in the case
group, 7 boys had moderate depression and 3 had
mild depression while only 1 had severe depression
as shown in Table 4.
F. Genetic analysis
(1) Mutation analysis of the dystrophin gene
among the case group revealed: forty-six (92%)
had exon deletions, 2 (4%) had had exon dupli-

cations, and 2 (4%) had point mutations (nonsense mutations) as shown in Table 5.
(2) The full-length dystrophin isoform was not
produced in all cases, Dp260 was disrupted
in 86% of cases and Dp140utr was disrupted
in 76%, while Dp140pc was disrupted in 64%
of cases, with Dp71 only disrupted in 10% of
cases, as shown in Table 6.

Discussion
Duchene muscular dystrophy )DMD( is characterized by
the progressive loss of muscle strength and function [28];
moreover, cognitive function impairment and neuropsychiatric symptomatology are also prevalent. So, in this
study, 50 boys with DMD were assessed aiming to assess
cognitive functions and psychiatric symptoms suggestive
of psychiatric disorders compared to 50 healthy boys.
Our results showed a statistical significance regarding
school attendance evident in that 38% of the DMD boys
were home-schooled and 16% stopped going to school
compared to 0% of the control group. This was in contrast to Magliano and his colleagues who explored the
burden in parents and healthy siblings of 4–17-year-old
patients with Duchenne (DMD) and Becker (BMD) muscular dystrophies, data was collected using self-reported
questionnaires administered to 246 parents of patients
with DMD [29], and López-Hernández’s study which was
a multistate, multiple source, retrospective study from
the records of 432 patients with less than 30% of them
obtaining definite DMD diagnosis, who reported a school
attendance rate of 94.7% among boys with DMD [30];
this could be explained that our domestic schools are not
ideally equipped to accommodate the needs of this type
of disability [30, 31]. There was also a statistically significant difference in parental consanguinity showing 20%
of cases with 1st degree consanguinity compared to 0%
in the control group. A statistical significance was also
evident in speech development between cases and control with 92% of the control group having normal speech
development compared to only 40% of cases; this was
consistent with Thangarajh and his team who evaluated
196 steroid naïve with dystrophinopathy, with the concerns and adjustment challenges analyzed in relation to
DMD medication; found neurodevelopmental concerns
were reported in 4 domains; and found that 39% of boys
had speech delay with their mean age of speech onset at
28 months (range 7–66 months) [32], and in line with
A. J. Darmahkasih’s study that was a retrospective case
series of neurodevelopmental and behavioral/emotional
symptoms obtained through review of systems of 700
DMD patients in relation to dystrophin gene mutations
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Table 4 Comparison between the 2 groups regarding prevalence of psychiatric disorders and their severity
Group

Conners
Social aggression

Oppositional

Inattentive

Hyperactive

Impulsive

Childhood Autism Rating Scale (CARS)
CARS grades
The Taylor Manifest Anxiety Scale (TMAS)
TMAS grades

Child Depression Inventory (CDI)
CDI grades

CY-BOCS

Test of significance

Control

Case

N (%)

N (%)

Value

p-value

Sig.

Negative

40 (80%)

31 (62%)

0.047

S

Positive

10 (20%)

19 (38%)

χ2 = 3.934

No

0 (0%)

7 (36.84%)

Fisher’s exact test

0.041

S

Mild

0 (0%)

1 (5.26%)

High

10 (100%)

11 (57.89%)

No

4 (40%)

15 (78.95%)

Fisher’s exact test

0.032

S

Mild

0 (0%)

1 (5.26%)

High

6 (60%)

3 (15.79%)

No

2 (20%)

1 (5.26%)

Fisher’s exact test

0.315

NS

Mild

0 (0%)

3 (15.79%)

High

8 (80%)

15 (78.95%)

No

3 (30%)

6 (31.58%)

Fisher’s exact test

1.00

NS

Mild

0 (0%)

1 (5.26%)

High

7 (70%)

12 (63.16%)

No

1 (10%)

5 (26.32%)

Fisher’s exact test

0.59

NS

Mild

0 (0%)

1 (5.26%)

High

9 (90%)

13 (68.42%)

Negative

50 (100%)

47 (94%)

Fisher’s exact test

0.242

NS

Positive

0 (0%)

3 (6%)

Mild

0 (0%)

1 (33.33%)

Severe

0 (0%)

2 (66.67%)

Negative

43 (86%)

43 (86%)

NS

7 (14%)

7 (14%)

χ2 = 0.00

1.00

Positive
Mild

5 (71.43%)

2 (28.57%)

Fisher’s exact test

0.388

NS

Moderate

2 (28.57%)

3 (42.86%)

Severe

0 (0%)

2 (28.57%)

Negative

48 (96%)

39 (78%)

0.007

S

Positive

2 (4%)

11 (22%)

χ2 = 7.162

Mild

2 (100%)

3 (27.27%)

Fisher’s exact test

0.282

NS

Moderate

0 (0%)

7 (63.64%)

Severe

0 (0%)

1 (9.09%)

Negative

50 (100%)

50 (100%)

Chi-square test of significance (χ2)

which estimated (24.4%) language/speech delays in DMD
boys [33].
When comparing between the two groups regarding
Full Scale IQ (FSIQ), our results showed that there the
TIQ median in the case group was much lower than in
control that indicates lower IQ in DMD compared to general population which matched the findings of the study
by Orsini and his colleagues [3]. Moreover, we found that
these findings presented in TIQ and all its subsets except
similarities as the median of the case group were 82 in
comparison to 94 in the control group, with those with
<90 TIQ represented 58% of DMD boys with those less

than 80 representing 40% of cases. The lowest scores in
DMD boys were in general comprehension and vocabulary with a median of 6 and digit span with a mean of
(6±2), which indicates more affection in their ability to
understand complex questions, formulating answers, and
ability to acquire, retain, and retrieve information, verbal
expression, and working memory; these may suggest that
these children have specific cognitive deficits as opposed
to a global intellectual deficit. These findings were consistent with R. D’Alessandro and his colleagues who performed a cross-sectional study of 43 pediatric patients,
affected by six neuromuscular diseases, 15 of which had
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Table 5 Types of dystrophin gene mutations identified in the
case group
Case group (N = 50)
Genetic mutations

N / Mean

% / SD

Deletion exon 22–37

2

4.0%

Deletion exon 8–9

1

2.0%

Deletion exon 7–13

1

2.0%

Deletion exon 8–30

1

2.0%

Deletion exon 79

2

4.0%

Deletion exon 31–41

1

2.0%

Deletion exon 7

1

2.0%

Deletion exon 64

1

2.0%

Deletion exon 44

2

4.0%

Deletion exon 65

2

4.0%

Deletion exon 49–50

3

6.0%

Deletion exon 5–37

1

2.0%

Deletion exon 52

4

8.0%

Deletion exon 45–51

23

46.0%

Deletion exon 46–47

1

2.0%

Duplication exon 2

1

2.0%

Duplication exon 3–17

1

2.0%

Nonsense mutation exon 4

2

4.0%

Table 6 Distribution of disrupted dystrophin gene isoforms in
the case group
Case group (N = 50)

N

%

Cumulative %

Dp427m

7

14.0%

100%

Dp427m, Dp260

5

10.0%

86%

Dp427m, Dp260, Dp140utr

6

12.0%

76%

Dp427m, Dp260, Dp140pc

27

54.0%

64%

Dp427m, Dp260, Dp140pc,
Dp116, Dp71

5

10.0%

10%

DMD, and found that on Wechsler scales, lower FSIQ
scores were seen in DMD patients, and 27% had an intellectual disability (ID) [34]. Also, in M. Mahadevappa’s
study which evaluated genotype–phenotype correlations
in DMD and BMD patients enrolled in the Canadian
Neuromuscular Disease Registry from 2012 to 2019 with
data from 342 DMD patients with genetic test results,
after analysis, their results showed that boys with DMD
had a significantly lower IQ (88.5). Verbal IQ (86.59) was
found to be lower than Performance IQ (92.64) [35].
Authors of this study also found that patients with
DMD have a higher prevalence of psychiatric disorders
than the control group which was consistent with C.
Pascual-Morena’s study who conducted a meta-analysis
of twenty-three studies of individuals with DMD or BMD
that estimated the prevalence of ASDs, ADHD, depression, anxiety disorders, and OCD in each population

[30] and Orsini and his team’s findings who conducted
a literature search up to October 2017 exploring cognitive impairment in neuromuscular disease [3]. Moreover,
during comparison of both groups in the presence of different psychiatric disorders, there was a significant difference between the 2 groups as the case group had 19 boys
(38%) ADHD compared to 10 boys (20%) of the control
group, with the case group having the lowest score in
oppositionality. Also, we found a significant difference in
MDD as 11 boys (22%) of the case group compared to 2
boys (4%) in the control group, of those with MDD in the
case group 7 boys had moderate depression, 3 had mild
depression while only 1 had severe depression. Yet, only
3 (6%) of the case group had positive CARS, 14% had
anxiety which was equal in both groups, and no cases or
controls had OCD. This was partially consistent with C.
Pascual-Morena and his colleagues who showed a prevalence of 7% ASDs, yet the same study showed prevalence
of 18% of ADHD, 11% of depression, 24% of anxiety disorders, and 12% of OCD [30]. Also, A. J. Darmahkasih
and his team indicated DMD patients’ inattention/hyperactive features (31.4%) and obsessive and compulsive
features (25.0%) [33], and R. Banihani’s study who performed a rretrospective cohort of 59 boys investigating
the cognitive and neurobehavioral profile of boys with
Duchenne muscular dystrophy found attention-deficit/
hyperactivity disorder in 32% of DMD patients; autism
spectrum disorders in 15%; and anxiety in 27% [7]; the
prevalence differences between studies may be due to
randomization of the sample, different sample sizes, and
different psychologists performing the assessment.
Moreover, we found that 92% of cases had deletion
mutations. The most common genetic mutation present
in our sample was deletion of exon 45–51 which represented 46% of our cases. Most other mutations present
ranged from 2 to 6%. This was partially consistent with
Kumar and his colleagues who identified large mutations and stated that the DMD gene showed deletion
(66%) and duplication (7.5%) mutations in the majority
of the patients [36]. Moreover, Bladen and team revealed
the DMD gene has major deletion mutations in 68%
of patients and large duplication mutations in 11% of
patients [37]; different sample size and different countries
may contribute to the percentage difference between
studies, while all agree in that in general deletion mutations were the most prevalent.
In the distribution of patients within the case group
regarding disrupted dystrophin gene isoforms, we found
that 100% of our cases have disrupted Dp427m isoform, while addition of Dp260 was present in 86% of
cases, Dp140utr was disrupted in 76%, and Dp140pc
was present in 64% of cases, with Dp71 only disrupted
in 10% of the case group. This was partially consistent
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with Doorenweerd N.’s who reviewed the latest findings
on dystrophin isoform expression in the brain; specific
DMD-associated learning and behavioural difficulties;
and imaging and spectroscopy findings relating to brain
structure, networks, perfusion, and metabolism, and
identified that among the patients, half were missing only
Dp427 while the other half were missing both Dp427 and
Dp140; this may be also caused by different sampling,
sample size, or patient’s origin [2].

Conclusions
In whole, we came to a conclusion that according to
our findings, we confirmed the decrease in cognition in
DMD and the increased prevalence of psychiatric disorders compared with healthy controls. Also, school
attendance and speech development are more affected in
DMD patients compared to controls, with more speech
delay and dropping out of school. So, the authors of this
study recommend establishing cognitive and psychiatric
screening as a routine in the evaluation and follow-up of
DMD children.
Strength
• To our knowledge this is the first Egyptian study to
describe the cognitive and neurobehavioral patterns
in DMD.
• Our study helped many families identify the importance of psychiatric assessment in DMD patients.
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