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ABSTRACT

Objective: Becker Muscular Dystrophy (BMD) is a rare and progressive muscle disease characterized by mutations in the dystrophin
gene. Although similar to Duchenne Muscular Dystrophy (DMD), BMD usually has a milder course. The aim of this study was to analyze
the clinical and genetic profiles of BMD.

Material and Methods: Evaluations were made of 67 patients diagnosed with BMD between 2006 and 2024. Clinical findings, laboratory
tests, and genetic analysis of the patients were retrospectively analyzed.

Results: The study group consisted of 67 patients with a mean age of 11.6+4.1 years and age at diagnosis of 4.6+3.3 years. A total
of 7.5% of the patients had a history of consanguineous marriage, and 35.8% had a family history of BMD. The most common clinical
symptoms were exercise intolerance (44.8%), fatigue (19.4%), and exercise-related pain (14.9%). Cardiac involvement was detected
in 11.9% of the patients, and mutations between exons 45-55 were most frequently detected in these patients. Psychiatric problems
were detected in 22.4% of patients, and 66.7% of these patients had mutations involving the exon 45 region. There was no significant
difference in the clinical and laboratory findings of patients with reading frame mutations.

Conclusion: Although patients with BMD usually have milder clinical features, it was observed that cardiac and psychiatric involvement in
particular may be associated with certain genetic mutations. Genetic analysis is considered to be an important tool in the diagnosis and

prognosis of BMD, which may reduce the need for muscle biopsy.

Keywords: Becker muscular dystrophy, Clinical characteristics, Genetic mutations, Reading frame mutations

INTRODUCTION

Becker muscular dystrophy (BMD) is an inherited and
progressive muscle disease characterized by muscle fibre
degeneration and proximal muscle weakness due to a mutation
in the dystrophin gene (1). The disease is clinically similar to
Duchenne muscular dystrophy (DMD), but it is less common,
clinical findings appear later, and the course is milder (2). BMD
is caused by mutations in dystrophin protein. In the diagnosis,
the evaluation of creatine kinase (CK) levels accompanied by
physical examination findings compatible with clinical findings
shows high sensitivity (3). Dystrophin has a recessive inheritance
pattern linked to the X chromosome, although approximately
30% of cases are due to sporadic new mutations (4,5).

Studies in Europe and North America have shown that the
prevalence of Duchenne muscular dystrophy ranges from one

in 3500 to one in 5050 live male births, while Becker muscular
dystrophy is about one-third of this prevalence (6,7).

Compared with DMD, the age of onset of symptoms in
individuals with BMD is generally later, with a wide range
from 5 to 60 years of age. Furthermore, the degree of clinical
involvement is usually milder (8). Approximately 85% of patients
with BMD have dystrophin of abnormal molecular weight, with
smaller dystrophin in 80% of cases with deletions and larger
dystrophin in 5% of cases with duplications. In these individuals,
the amount of dystrophin is usually reduced. The remaining
15% have dystrophin of normal size but reduced quantity (9).
Serum CK concentrations in patients with BMD typically rise to
>5-fold the upper limit of normal (10).

Preserved muscle strength allows clinical distinctions to be
made between BMD and DMD. People with BMD are usually
able to stand until at least 16 years of age and often well into
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adulthood, with some retaining the ability to walk into old
age. Furthermore, cognitive impairment, intellectual disability,
behavioral disorders and contractures are less common or less
severe in BMD compared to DMD (11). Cardiac involvement is
often a prominent feature of the clinical picture in BMD, although
muscle involvement is less severe than in DMD (12).

There is no complete cure for BMD, so treatment is based on
supportive care and rehabilitation. Many clinical trials of gene
therapy are still ongoing (9). BMD is a rare neuromuscular
disorder and studies systematically addressing the clinical
and laboratory findings of individuals with this disease are very
limited in the literature. The main aim of this study was to provide
new and in-depth information for a better understanding of
the disease by detailing the clinical, demographic and genetic
characteristics of patients diagnosed with BMD.

MATERIALS and METHODS

The study retrospectively included 67 patients with BMD who
were followed up at Tepecik Training and Research Hospital
Muscle Center between 2006 and 2024. Ethical approval was
granted by the Tepecik Training and Research Hospital Non-
Interventional Ethics Committee (Decision No: 2024/08-05,
Date: 02.09.2024). BMD was diagnosed based on clinical and
genetic findings. Patients with Gowers sign and Functional
Ambulation Scale score of <5 were evaluated as DMD and
were excluded from the study. Muscle biopsy was performed
in only one patient and the biopsy revealed findings consistent
with BMD, which were confirmed by genetic testing. The
genetic analysis was performed using the multiplex ligation-
dependent probe amplification (MLPA) method for the DMD
gene. This method was utilized to investigate large deletions
and duplications. Additionally, Sanger sequencing was
conducted to identify the presence of nonsense mutations.
These analyses confirmed the patient's genetic diagnosis
and revealed findings consistent with BMD. The patients were
divided into two groups: In-Frame Deletion (-) and In-Frame
Deletion (+). Demographic data, clinical symptoms, physical
examination findings, laboratory tests and 6-minute walk test
results were analyzed.

Muscle strength assessment of the patients was performed
using the Medical Research Council (MRC) manual muscle
strength scale, which grades muscle strength on a scale from O
to 5 (18). Psychiatric comorbidities such as learning disabilities,
speech delay and/or speech disorders, attention deficit
hyperactivity disorder (ADHD) and autism spectrum disorder
(ASD) were evaluated and questioned.

The patients were divided into two groups according to the
genetic mutations of with and without in-frame mutations.
The clinical and laboratory characteristics of patients with and
without in-frame mutations were compared.
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Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 25 (IBM Corp., Armonk, N.Y., USA).
Descriptive statistics were calculated for demographic, clinical,
and laboratory data, including means, standard deviations,
medians and interquartile ranges (IQR) for continuous variables,
and frequencies and percentages for categorical variables. The
comparison of continuous variables between two independent
groups was conducted using the independent t-test or Mann-
Whitney U test, depending on the distribution of data. The chi-
square test or Fisher’s exact test was used for the comparison
of categorical variables. A p-value of <0.050 was considered
statistically significant.

RESULTS

Evaluation was made of 67 patients with BMD, all of whom
were male (100%). The mean age of the patients was 11.6+4.1
years (median 12, IQR 9-15 years). The mean age at diagnosis
was 4.6+3.3 years (median 4, IQR 2-6 years). There was a
history of consanguineous marriage in 5 (7.5%) patients, and a
family history of BMD in 24 (35.8%). A maternal carrier test was
conducted on the mothers of 42 patients, and carrier status
was identified in 34 (80.1%) of them.

Of the total 67 patients, 45 (67.2%) were diagnosed incidentally
during the evaluation of elevations in liver function tests, 20
(29.9%) were diagnosed because of a family history of muscle
disease, 1 (1.5%) from complaints of fatigue, and 1 (1.5%)
during the investigation of chest pain.

The mean age at diagnosis was 4.9+3.5 years for patients with
an incidental diagnosis and 3.9+2.9 years for those diagnosed
through family history screening. Although patients diagnosed
via family history had a lower mean age at diagnosis, the
difference was not statistically significant (p=0.238).

The mean age at diagnosis was 4.5+3.4 years in patients with
inframe mutations and 5.3+2.9 years in out of frame patients,
there was no statistical difference between the two groups
(p=0.443).

The most common symptoms were exercise intolerance,
fatigue, exercise-induced pain and muscle cramps, respectively.
On physical examination, calf hypertrophy was found in 64
patients (95.5%), but no patient had Gowers sign. Muscle
strength examination revealed normal strength (5/5) in the
upper extremities of all patients. Distal muscle weakness (4/5)
in the lower extremities was observed in only two patients, aged
12 and 18 years. The 6-minute walk test results of 48 patients
were available and the median value for walking distance was
555 (IQR 457-589) meters (Table ).

The comorbid conditions of the BMD patients were analyzed,
and muscular dystrophy-related cardiac involvement was
present in 8 patients (11.9%), and psychiatric problems were



Table I: The demographic and clinical characteristics of]

patients with BMD

Characteristics Values
Age (years)* 11.6+4.1 (9-15)
Age at diagnosis (years)* 4.6+3.3 (2-6)
Consanguineous marriage’ 5(7.5)
Family history of BMD? 24 (35.8)
Brother 9(13.4)
Grandfather 1(1.5)
Uncle 11 (16.4)
Cousin 3 (4.5)
Maternal carrier® 34 (80.1)
Neuromotor development stages
Age of starting to walk (years)* 1(1-2.5)
Delay in walking® 23
Age of onset of speech (years) * 1(1-5)
Delay in speech’ 9 (13.4)
Clinical symptomst
Exercise intolerance 30 (44.8)
Early fatigue 13 (19.4)
Pain with exercise 10 (14.9)
Cramp 9(13.4)
Leg pain 6 (9)
Physical examination findings
Pseudohypertrophy of calf musclest 64 (95.5)
Gowers sign _
Scoliosist U8 (2]
Distal muscle strength of the upper extremity$ 67/0/0/0/0/0
Proximal muscle strength of upper extremity$ 67/0/0/0/0/0
Distal muscle strength of the lower extremity$ 67/0/0/0/0/0
65/2/0/0/0/0

Proximal muscle strength of lower extremity$

6 minutes walking test (m) (n=48)! 555 (457-589)

* mean+SD ( Inter Quantile Range) ,*: n(%), *: median (min-max) $:
Medical Research Council (MRC) manual muscle strength scale (5/5-
4/5-3/5-2/5-1/5-0/5), ": median (Inter Quantile Range)

detected in 15 patients (22.4%). Psychiatric comorbidities
included learning disabilities in 7 patients, speech delay and/
or speech disorder in 5, ADHD in 2, and ASD in 1. Mutation
involving exon 45 was detected in 10 (66.7%) of the patients
with psychiatric problems, but this finding was not statistically
significant (p=0.622).

Furthermore, no difference in the frequency of psychiatric
problems was observed between the two groups when the
upstream and downstream regions of DMD exon 45 were
compared (p=0.471).

Of the 8 patients with cardiac involvement, 4 had exon 45-48,
3 had exon 45-53 and 1 had exon 45-55 deletion. The genetic
mutations and comorbidities of the patients are summarized in
Table II.

The patients were divided into two groups as complying and
non-complying with the reading frame rule. When the clinical
and laboratory findings of these groups were compared, no
significant difference was found between them (Table IlI).
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Table II:
patients

Genetic mutations and comorbidities of the

Mutation region (exon) n (%) LD SD ASD ADHD CI

45-47 deletion (+) 13 (19.4) 2/13 1/13

45-48 deletion (+) 12 (17.9) 112 4/12
45-55 deletion (+) 7 (10.4) 1/7 1/7 /7
45-53 deletion (+) 5(7.5) 2/5 3/5
3-4 deletion (+) 3 (4.5)

3-4 duplication (+) 3 (4.5) 2/3

46-47 deletion (-) 2 (3)

48-51 deletion (+) 2(3)

19-30 deletion (+) 2 (9 1/2
43-53 deletion (+) 2(3)

52-53 deletion(+) 1(1.5)

51-53 deletion (-) 1(1.5)

48-53 deletion (+) 1(1.5 1/1

45-49 deletion (+) 1(1.5) 11

44-45 deletion (+) 1(1.5)

6,7,42-44 duplication (-) 1 (1.5)

22-29 deletion (-) 1(1.5) 1/

13-15 deletion (+) 1(1.5)

11 deletion (-) 1(1.9)

5-7 deletion (-) 1(1.5)

3-5 deletion (+) 1(1.5)

3-9 deletion (+) 11.5) 1/1

2-7 duplication (+) 1(1.5)

2 duplication(-) 1(1.5)

Non-sense mutation 2 (3)

LD: Learning disabilities, SD: Speech delay and/or speech disorder,
ASD: Autism spectrum disorder, ADHD: Attention deficit hyperactivity
disorder, CI: Cardiac involvement, ®: In-Frame Deletion, “: In-Frame
Deletion

DISCUSSION

This study analyzed the genetic and clinical characteristics
of patients with BMD, focusing on the association between
specific genetic mutations and comorbidities. In particular,
cases with out-of-frame mutations were identified and
some deletions were found to be associated with cardiac or
psychiatric involvement. The study also provides new insights
into the phenotypic spectrum of BMD, highlighting the earliest
age at which certain comorbidities are detected.

In a previous study in literature, the overall carrier frequency
in mothers with carrier mutation types of DMD and BMD was
found in 80 of 139 mothers (57.6%), and this carrier rate was
significantly higher at 89.5% for BMD (14 ). In the current study,

Turk J Pediatr Dis 2025;19 (3):123-129



126 Guzin Y et al.

Table Ill: Comparisons of the clinical and laboratory findings of BMD patients according to the reading frame rule

In-Frame Deletion (+)

In-Frame Deletion (-)

(n=59) (n=8) (n=67) P

Clinical symptoms*

Exercise intolerance 24 (40.7) 6 (76) 30 (44.8) 0.126%

Early fatigue 10 (16.9) 3(37.5) 13 (19.4) 0.179%

Pain with exercise 8(13.6) 2 (25) 10 (14.9) 0.341+

Cramp 8(13.6) 1(12.5) 9(13.4) 0.705*

Leg pain 6 (9) = 6 (9) -
Scoliosis* 14 (23.7) 4 (50) 18 (26.9) 0.127%
Cardiac involvement* 8 (14) - 8(11.9 -
Psychiatric symptoms* 14 (23.7) 1(12.5) 15 (22.4) 0.672*
Creatinine kinase (U/L)*
Highest value 9343 (3400-12751) 16435 (9341-18890) 9422 (3579-13759) 0.0698
Lowest value 2590 (1464-4900) 3476 (1813-7481) 2810 (1482-4900) 0.6865

*: (%), T median (Inter Quantile Range), *: Chi-square test, $: Mann-Whitney U test

the carrier rate was found to be 80.1%), which was lower than
in the literature. This difference was thought to be because, for
various reasons, carrier tests could not be performed on all the
mothers.

Preserved muscle strength facilitates the differentiation of clinical
features between BMD and DMD. BMD patients typically retain
ambulation until at least 16 years of age and, in many cases, well
into adulthood, with some maintaining this ability into advanced
age (9). Diagnosis is most often established incidentally through
the detection of elevated CK levels (15).

In the literature, the mean age of diagnosis for DMD is reported
to be approximately 5 years; however, due to the milder clinical
symptoms in BMD, it is generally expected to be diagnosed at
a later age (1,16). In our study, the mean age at diagnosis was
5 years, which is earlier than the age typically observed in BMD
patients. Age at diagnosis was lower among patients screened
for a family history of the disease; however, this difference was
not statistically significant. These findings underscore the critical
role of CK screening and emphasize the importance of early
diagnostic evaluation in patients with a positive family history.

All patients included in this study were ambulatory, with none
exhibiting a positive Gowers sign. Upper extremity muscle
strength was entirely preserved in all participants, while only
two patients demonstrated mild proximal lower extremity
weakness. This finding likely reflects the fact that the study
cohort comprised individuals at an age when the initial
manifestations of BMD typically emerge.

The most common symptoms in BMD are leg pain, cramping,
exercise intolerance and exercise-induced pain (9,17). The
most common symptoms in the current study were exercise
intolerance, rapid fatigue, exercise-induced pain, cramps, and
leg pain, respectively.

A small proportion of patients with dystrophinopathy do not
have pathogenic variants in the coding region, which can
make the mutation difficult to detect (10). In many cases,
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molecular genetic testing can confirm a definitive diagnosis of
dystrophinopathy without the need for a muscle biopsy (9).

A muscle biopsy may be necessary to differentiate BMD and
DMD and for prognostic evaluation. Immunohistochemical
analyses have shown a complete absence of dystrophin in
patients with DMD, whereas BMD patients have 10% to 40% of
the normal amount of dystrophin or a partially functional form of
the subsarcolemmal protein (1,18). In severe cases, dystrophin
protein levels are usually below 10%, whereas in mild cases
with dystrophin levels above 70%, symptoms may be of late
onset or even remain asymptomatic (19-22). However, muscle
biopsy is not current widely used because it is an invasive
method. This increases the importance of studies on BMD.
Identifying which mutations lead to which clinical picture and
adding them to the literature may have the potential to reduce
the need for biopsy.

A muscle biopsy was performed in only 1 patient in the current
study, and the results were compatible with BMD. In all the
patients, the diagnosis was confirmed by genetic analysis.
Monaco et al.(23) first proposed a theory known as the “reading
frame rule” based on patient examinations in 1988.

In-frame deletions/duplications in the DMD gene that do not
alter the reading frame are generally associated with BMD
phenotypes, with exceptions (23). Kesari et al. (24) observed a
higher frequency of duplications, a different mutation distribution,
and more exceptions to the reading frame rule in BMD patients.
Additionally, in the study by Zambon et al. (25), which examined
the phenotypic spectrum of dystrophinopathies associated
with exon 2 duplications, 30% of the patients exhibited a BMD
phenotype. These findings suggest that clinical manifestations
can be heterogeneous even in cases with out-of-frame
mutations. In the present study, eight patients with out-of-frame
mutations were identified, further supporting these observations
in the literature.

In patients with BMD, serum CK concentrations can often rise
to a level =5-fold above the upper limit of normal (9). Consistent



with the literature, the CK levels in this study were >5-fold
higher. Furthermore, no statistically significant difference was
found between patients with and without in-frame mutations.

The most common mutations in BMD are deletions in exons
45-47 (26). In the current study, consistent with the literature,
the most common deletions were found in exons 45-47. In
addition, most mutations were clustered in the region between
exons 45-55.

Although muscle involvement is milder in BMD than in DMD,
cardiac involvement is often a prominent feature of the disease
(27). The ability of patients with BMD to perform strenuous
exercise may cause damage to myocardial cells with abnormal
dystrophin by increasing mechanical stress on the heart (9).
[t has been reported in the literature that cardiac involvement
is caused by mutations especially in exons 48 and 49 (28).
Mutations involving exons 48 and 49 were found in all the
patients with cardiac involvement in this study. Although life-
threatening arrhythmias have been reported in patients with
exon 3-4 duplications, no arrhythmia was observed in any of
the current study patients with exon 3-4 duplication (29).

Different isoforms of dystrophin are also found in the cerebral
cortex and Purkinje cells, but the function of all dystrophin
isoforms in the brain is not yet fully understood. However,
they appear to be involved in myelination during neuronal
development, synaptic modulation, neuronal differentiation,
and cellular energy metabolism. While cognitive abnormalities
in DMD have been well documented, there is limited information
on the cognitive profile of BMD patients (30-33).

Although the risk of intellectual disability is increased in children
and adults affected by BMD, the average |Q does not differ
from the general population (34). BMD has a higher incidence
of learning disabilities and behavioral comorbidities compared
to the general population, and learning disabilities have been
reported in 32% of BMD patients (34). In the current study,
psychiatric problems were detected in 15 (22.4%) patients, of
which 7 were found to have learning disabilities.

In our study, the lower frequency of psychiatric disorders
observed in patients with BMD compared to the general
literature was attributed to the relatively short follow-up period
and the lack of routine psychiatric evaluations. These limitations
may have contributed to an underestimation of the prevalence
of psychiatric comorbidities in this patient group (35,36).

Thangarajh et al. (37) reported that psychiatric problems such
as ASD, ADHD, and LD were statistically more frequent in the
upstream region of DMD exon 45. However, in the present
patient group, no significant difference was observed between
the two groups (37).

In conclusion, this study highlights the diversity of clinical
and psychiatric challenges linked to genetic mutations in
BMD patients. The impact of out-of-frame mutations on the
phenotypic spectrum reinforces the heterogeneity described
in the literature. Our findings emphasize the critical role of
early diagnosis and the need for a multidisciplinary approach
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in the care of these patients. To further improve management
strategies, we recommend prioritizing the systematic
assessment of comorbidities to inform personalized care. The
identification of mutation-specific clinical patterns may improve
diagnostic and prognostic tools, reduce dependence on
invasive procedures such as muscle biopsies, and ultimately
improve the overall quality of care for BMD patients.

Limitations of the study

As this was a retrospective chart review, maternal carrier status
could not be examined in all the patients and 6-minute walk test
results were not available for all patients. In addition, accurate
data on the ages at which comorbid conditions were detected
were not available.

Ethics committee approval

This study was conducted in accordance with the Helsinki
Declaration Principles. Ethical approval was granted by the
Tepecik Training and Research Hospital Non-Interventional
Ethics Committee (Decision No: 2024/08-05, Date: 02.09.2024).
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