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Abstract

Background: Dystrophin-related muscular dystrophies are a group of diseases caused by mutations in the dystrophin gene
that are inherited in an X-linked recessive manner.

Objectives: We aimed to discuss the clinical, laboratory, genetic, treatment, and prognostic features, as well as diagnostic clues,
of our DMD/BMD patients.

Methods: The medical records of 39 children who were followed up with DMD/BMD diagnoses at Bursa Uludag University
Faculty of Medicine Child Neurology Clinic between August 2018 and September 2023 were evaluated retrospectively. DMD or
BMD is diagnosed by genetic testing or muscle biopsy.

Results: All patients were male, and the age of symptom onset was 3.44 + 2.7 years (range: 1 - 12.2 years). Twenty-two cases were
symptomatic, presenting with difficulty walking (N = 17), difficulty climbing stairs (N = 14), and getting tired quickly (N =11).
Seventeen cases were initially asymptomatic, identified through elevated CK, AST, and ALT levels.

Conclusions: Early recognition that increased serum transaminase and CK levels reflect muscle disease accelerates the
diagnosis of underlying conditions and protects patients from unnecessary, invasive, and costly diagnostic testing.
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. Background

Dystrophin-related muscular dystrophies are a group
of diseases caused by mutations in the dystrophin gene
that are inherited in an X-linked recessive manner.
Dystrophin is produced mainly in skeletal and cardiac
muscles and is responsible for protecting muscle fibers
(1). Dystrophin and other muscle membrane proteins
form a dystrophin-associated protein complex that
stabilizes the muscle cell membrane. In the absence or
reduction of dystrophin, the muscle cell membrane
becomes more fragile and prone to tearing and
disintegration during muscle fiber contraction (2).
Historically, dystrophinopathies have been classified
into two main phenotypic groups: Duchenne muscular
dystrophy (DMD) and Becker muscular dystrophy (BMD)
(3).

The incidence of DMD is 1 in 3,500 to 5,000 live male
births, making it the most common muscular dystrophy

of childhood (4). Duchenne muscular dystrophy is a
severe form of dystrophin-related muscular dystrophy
that begins in early childhood. An affected child is
usually diagnosed before the age of 4, with early
symptoms including delayed ability to sit, difficulty
standing independently, and difficulty learning to speak
(1). Continued muscle damage leads to progressive
muscle weakness, resulting in loss of ambulation (LoA),
wheelchair dependence by age 13, and death before the
third decade (5). The most common causes of death in
DMD are respiratory complications and heart failure
resulting from progressive cardiomyopathy (1).

Becker muscular dystrophy typically has a milder
and more variable phenotype. The deleterious effect of
disease-causing mutations in the dystrophin gene is less
severe than in DMD because dystrophin can be
produced in smaller amounts or with reduced function.
In BMD, skeletal muscle weakness progresses gradually
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and usually begins around age 8. The most common
cause of death in BMD is heart failure (1).

Muscle biopsy was previously the primary diagnostic
tool for DMD/BMD. However, it has been replaced by
molecular tests that identify the type of mutation in the
dystrophin gene (5). The dystrophin gene consists of 79
exons located in the p21 region of the X chromosome.
Approximately 65% of mutations in the dystrophin gene
result from deletions of one or more exons. Exon
duplications constitute 6% of mutations, while
nonsense mutations account for approximately 13% (6).

Dystrophin maintains the structural stability of the
muscle, and its absence causes the release of creatine
kinase (CK) into the circulation, triggering muscle
rupture and severe progressive muscle degeneration. As
aresult, CK, a biomarker of muscle damage, increases in
the serum and is often the first indicator leading to the
diagnosis of DMD and BMD. Creatine kinase is an
essential and permanent indicator of muscle
breakdown and may not be related to the level of motor
function (7). In DMD patients, CK is often elevated 50 to
100 times the normal level. Serum CK may sometimes be
elevated without clinical symptoms or weakness. Since
patients with BMD can perform much more motor
activity, CK elevations may be much higher than in
patients with DMD (6). Additionally, muscle breakdown
causes transaminases such as alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) to be
released into the circulation.

Although ALT and AST are markers of hepatocellular
damage, they are also highly expressed in muscle cells.
Therefore, elevated serum transaminase levels in DMD
patients are well documented and may indicate the
destruction of the muscle membrane. For this reason,
muscle disease should be considered in children with
elevated transaminase levels (7). There is no definitive
treatment for DMD yet, but many experimental
treatment strategies are under investigation. Current
DMD treatment focuses on a multidisciplinary approach
to managing symptoms and improving quality of life
and function (8). The only drugs that have been shown
to definitively improve muscle strength and function in
DMD patients are glucocorticoids, with evidence-based
studies confirming their effectiveness.

Although no cure exists for DMD, its monogenic
nature and well-documented history have made it a
prime target for genetic and other biological
treatments. This has led to numerous therapeutic
interventions from various modalities. A wide variety of

biological and genetic treatments are currently being
investigated for DMD, including exon skipping therapy,
microdystrophin production, stop codon readthrough
therapy, CRISPR-based gene editing, cell-based therapy,
and utrophin editing (9).

2. Objectives

The diagnosis of dystrophinopathy is based on
clinical, laboratory, biopsy, and genetic testing.
Although elevated transaminase levels can aid in
diagnosis, they can sometimes lead to diagnostic
confusion and unnecessary further tests. In this study,
we aim to share our clinical experiences by evaluating
the clinical and laboratory features, diagnostic
methods, treatments, and prognostic features of our
DMD/BMD patients, as well as the laboratory methods
that can guide early diagnosis.

3. Methods

3.1. Study Type and Study Group

In this study, the medical records of 39 children
diagnosed with DMD/BMD and followed up at Bursa
Uludag University Faculty of Medicine Child Neurology
Clinic between August 2018 and September 2023 were
evaluated retrospectively. This study was approved by
the Ethics Committee of Bursa Uludag University (2023-
17/70).

3.2. Inclusion/Exclusion Criteria

All cases diagnosed with DMD/BMD in our clinic and
with available data were included in the study. Healthy
or symptomatic carrier girls and patients whose
medical records were inaccessible were not included.
DMD or BMD was diagnosed based on genetic testing,
muscle biopsy, and clinical phenotype. The genetic
diagnosis methods included multiplex ligation-
dependent probe amplification (MLPA) and next-
generation sequencing (NGS) for boys clinically
suspected of DMD/BMD but with negative MLPA results.

3.3. Data Collection and Definitions

The medical records of the patients were collected
retrospectively through the hospital information
system, and missing clinical or laboratory data could
not be evaluated. Data on the patients' clinical history,
including age, gender, consanguinity, family history, age
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at symptom onset, age at diagnosis, follow-up period,
initial symptoms, and examination findings (muscle
weakness, calf muscle hypertrophy, Gowers' sign), as
well as LoA age, wheelchair dependence,
electromyography (EMG) data, echocardiography
(ECHO) data, muscle biopsy data, genetic testing data,
serum CK, AST, and ALT levels, and steroid treatment
used (prednisolone or deflazacort), ataluren or other
treatment data, and accompanying comorbidities were
collected.

3.4. Statistical Analysis

Data were analyzed using IBM-SPSS Statistics (version
25). The suitability of continuous variables for normal
distribution was examined with the Shapiro-Wilk test.
According to the results of the normality test, variables
that comply with normal distribution are presented
with their mean and standard deviation, while variables
that do not comply with normal distribution are given
with their median, minimum, and maximum values. For
comparisons between groups, the Mann-Whitney U test
and Kruskal-Wallis test were used based on the
normality test results. Categorical variables were
compared between groups using the Pearson chi-square
test and the Fisher-Freeman-Halton test. Relationships
between numerical variables were examined with
correlation analysis, and the Spearman correlation
coefficient was calculated. A P-value of < 0.05 was
considered statistically significant.

4.Results

4.1. Participants’ Demographics

In this study, we reviewed 39 patients with DMD and
BMD, comprising 29 (74.4%) DMD patients and 10 (25.6%)
BMD patients. All participants were male, with an age
range of 9.88 years (2.4 - 19.4 years). The average age of
DMD patients was 10.54 years, while that of BMD
patients was 7.97 years. A family history was reported in
14 patients (35.9%): Eight in the DMD group and six in the
BMD group. A history of motor delay was reported in 10
patients (25.6%), all in the DMD group. Table 1
summarizes the demographic and clinical data of the
participants.

4.2. Symptoms Onset

The age of symptom onset was 3.44 years (range: 1 -
12.2 years), with an average of 3.01 years in DMD patients
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and 5.56 years in BMD patients. In this study, 17 cases
were initially asymptomatic (12 DMD patients and five
BMD patients). Of these, 12 cases (eight DMD and four
BMD) were referred to our clinic due to elevated CK
levels (accompanied by AST/ALT elevation), and five cases
(four DMD and one BMD) were referred due to a family
history of DMD/BMD.

The main reasons for referral in symptomatic
patients were muscle weakness observed by family
members, including difficulty walking (17/22), difficulty
climbing stairs (14/22), getting tired quickly (11/22),
frequent falls (5/22), difficulty running (4/22), toe-
walking (2/22), inability to jump (2/22), and myalgia
(2/22). During the initial physical examination,
pseudohypertrophy was detected in 30 cases (76.9%),
Gowers' sign in 11 cases (28.2%), and proximal muscle
weakness in eight cases (20.5%). Symptoms and findings
present at the onset of the disease are reported in Table
1.

4.3. Laboratory Tests

CK levels were elevated in all patients. Serum ALT and
AST levels were also elevated in all patients. Serum
enzyme levels at the initial visit, diagnosis, and last
control are reported in Table 2. CK, AST, and ALT levels
were found to be significantly higher in DMD patients
compared to BMD patients at the initial visit and
diagnosis. However, this relationship was not observed
in the last control values (Table 2).

A significant positive correlation was detected
between the initial CK value and the initial AST and ALT
values (r = 0.82, P < 0.001 and r = 0.83, P < 0.00],
respectively). Similarly, a significant positive correlation
was found between the diagnostic CK value and the
diagnostic AST and ALT values (r= 0.87,P <0.001andr =
0.82, P < 0.001, respectively). Additionally, a significant
positive correlation was observed between the last CK
and the last AST and ALT values (r=0.91,P<0.001and r=
0.86, P < 0.001, respectively).

In our cohort, 12 patients presented with high CK and
transaminase levels; two of them were followed for
approximately two years in pediatric gastroenterology
due to elevated transaminase levels. A liver biopsy was
performed on one patient with a preliminary diagnosis
of chronic hepatitis, but the biopsy result was normal.
Later, due to the patient's high CK level, it was suspected
that he might have a muscle disease, and the patient
was referred to the pediatric neurology clinic. Another
patient with elevated transaminase levels first
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Table 1. The Demographical and Clinical Datas of the Participants

Variables All Patients (N=39) DMD (n =29) BMD (n=10)
Age (y) 9.88+4.73(2.4-19.4) 10.54 +£4.72(2.4-19.4) 7.97+4.43 (3.1-16.6)
Consanguinity 5(12.8) 5(17.2) 0(0)
Family history for DMD/BMD 14 (35.9) 8(27.6) 6(60)
Motor delay history 10 (25.6%) 10 (34.5) 0(0)

Age of symptom onset (y) 3.44+2.7(1-12.2) 3.01£1.8(1-8) 5.56+5.1(1.5-12.2)
Age of diagnosis (y) 5.35+2.98(0.8-12.6) 4.91+2.59(0.8-9.8) 6.49+3.74 (1.6 -12.6)

Corticosteroids treatment initiation (y)
Age at loss of ambulation (y)
Follow-up period (y)

Symptoms and findings on admission

6.84+231(4-13)
10.8 £1.31(8.6-12.5)

4.621+4.26(0.08-12.1)

6.47+1.93(4-12.8)
10.8 £1.31(8.6-12.5)

5.72+4.29 (0.08-12.1)

11.25+2.47(9.5-13)

1.43£2.09 (0.08-7.16)

CK elevation (accompanied AST| ALT elevation) 12(30.8) 8(27.6) 4(40)
Family history for DMD/BMD 5(12.8) 4(13.8) 1(10)
Difficulty walking 17(43.6) 15(51.8) 2(20)
Difficulty in climbing stairs 14 (35.9) 13(44.8) 1(10)
Getting tired quickly 11(28.2) 11(37.9) 0
Frequent falls 5(12.8) 5(17.2) 0
Difficulty in running 4(103) 4(13.8) 0
Toe-walking 2(5.1) 2(6.9) 0
Inability to jump 2(5.1) 2(6.9) 0
Myalgia 2(5.1) 0 2(20)
Pseudohypertrophy 30(76.9) 24 (82.8) 6(60)
Gowers' sign 11(28.2) 11(37.9) (0]
Proximal muscle weakness 8(20.5) 8(27.6) 0

@ Values are expressed as No. (%) or mean + SD.

presented to us with seizure complaints at five months
old and was diagnosed with epilepsy. It was initially
thought that the high transaminase levels were related
to the antiepileptic drugs used. His treatment was
discontinued, but his transaminase elevation did not
improve. CK elevation was detected six months after the
first visit, leading to a suspicion of muscle disease.

EMG was performed on 12 patients; 9 (75%) had
myopathic findings, while three patients (25%) had
normal EMG findings. ECHO was performed on 34
patients; 5 (14.7%) had abnormal ECHO findings (1 dilated
cardiomyopathy, 2 left ventricular systolic dysfunction, 1
left ventricular hypertrophy, and 1 minimal aortic
insufficiency). Respiratory function tests were
performed on 14 patients; 11 (78.6%) had normal results,
and three did not cooperate.

4.4. Diagnosis

The definitive diagnosis of the cases was made by
muscle biopsy, which revealed dystrophic changes and a
deficiency or absence of dystrophin in 6 cases, and by
genetic tests in 33 cases. In 5 of the 6 cases diagnosed by
muscle biopsy, the diagnosis was confirmed by genetic
tests. The age of diagnosis was 5.35 years (range: 0.8 - 12.6
years), with an average of 4.91 years in DMD patients and
6.49 years in BMD patients. The follow-up period was
4.62 years (range: 0.08 - 12.1 years), with an average of
5.72 years in DMD patients and 143 years in BMD
patients.

4.5. Genetic Characteristics

The diagnosis method was multiplex ligation-
dependent probe amplification (MLPA) in 32 cases
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Table 2. Serum Enzymes Levels of the Patients

All patients (N=39) DMD (n=29) BMD (n=10)
Enzymes P
N Median (Min-Max) N Median (Min-Max) N Median (Min-Max)
Initial
CK(UJL)? 38 11244 (1471 - 27813) 28 13169 (2330 - 27813) 10 5021(1471-12994) <0.001
AST (UJL) b 37 212 (82-491) 27 234(82-491) 10 139 (83 - 415) 0.003
ALT (UJL)© 37 239 (40-761) 27 304 (99-761) 10 138 (40 - 426) 0.002
Diagnosis
CK(U/L)? 24 9435 (1115 - 21819) 17 14720 (4145 - 21819) 7 4065 (1115 -10429) 0.003
AST (UJL) b 24 191(48 - 416) 17 201(86-416) 7 102 (48-362) 0.028
ALT (UL) © 24 227(41-688) 17 307(68-688) 7 111 (41-213) 0.001
Last control
CK(UJL)? 34 7255 (806 -36853) 24 7418 (991-20525) 10 5537(806-36853) 0.75
AST (UJL) b 35 146 (30 - 820) 25 123 (30-328) 10 180 (41-820) 0.22
ALT (UJL)© 35 208(34-509) 25 183 (34-509) 10 209 (40-352) 0.9

2 CK(U/L)=12-200.
b AST(UJL)=18-36.
CALT(U[L)=9-25.

(84.2%), while next-generation sequencing (NGS) was
used for boys who were clinically suspected of
DMD/BMD but had negative MLPA results. NGS was the
diagnostic tool in 6 cases (15.8%). Regarding the type of
mutation, deletion mutations were found in 30 cases
(78.9%), duplications in 2 cases (5.3%), nonsense
mutations in 5 cases (13.2%), and a frameshift mutation
in 1 case (2.6%). The most common single exon deletion
was exon 45 (3 cases), and the most common multiexon
deletions were exons 45 - 48 (4 cases). Table 3
summarizes the genetic characteristics.

4.6. Treatments

In this study group, 26 patients (66.7%) received
corticosteroid treatment (24 patients with DMD and 2
patients with BMD). Specifically, 24 patients received
prednisolone and 2 patients received deflazacort. Seven
patients (17.9%) (2 patients with DMD and 5 patients with
BMD) had never received corticosteroid treatment, and
six patients (15.4%) (3 patients with DMD and 3 patients
with BMD) were too young for such treatment. The
mean age at the start of corticosteroid treatment was
6.84 + 2.31 years (6.47 years in DMD and 11.25 years in
BMD).

Iran ] Pediatr. 2024;34(5): e143338.

Regarding other treatments, 3 cases were currently
receiving ataluren, 4 cases were receiving enalapril, 4
cases were receiving idebenone, 2 cases were receiving
tamoxifen, 1 case was receiving digoxin, 1 case was
receiving lisinopril, and 1 case was receiving carvedilol.
Ataluren treatment was discontinued in 2 cases because
they were non-ambulatory.

4.7. Prognosis

In this study, 13 patients (33.3%), all with DMD, were
wheelchair-dependent, with a mean age of loss of
ambulation (LoA) of 10.8 years (range: 8.6 - 12.5 years).
Additionally, 5 patients had scoliosis, and 3 patients had

epilepsy.
5. Discussion

This  study retrospectively  analyzed the
demographics, clinical features, diagnostic methods,
and genetic profiles of 39 DMD/BMD patients. Boys with
DMD typically come to the clinician's attention between
the ages of 2 and 5. While delayed walking is sometimes
described, changes in gait are the most common
symptom, with toe walking often prompting
consultation with physiotherapists or orthopedic
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Table 3. Genetic Mutation Types of the Patients

Genetic Mutation Types (del) No. (%)
2dup 1(2.6)
3-8 1(2.6)
8-30 dup 1(2.6)
10-20 2(53)
18-34 1(2.6)
34 1(2.6)
45 3(7.9)
45-48 4(10.5)
45-50 1(2.6)
45-52 1(2.6)
45-55 1(2.6)
46-49 2(53)
46-51 1(2.6)
46-55 1(2.6)
48-49 2(53)
48-50 3(7.9)
45-52 1(2.6)
49-52 1(2.6)
49-54 1(2.6)
50-52 1(2.6)
51-55 1(2.6)
52 1(2.6)
Nonsense 5(13.2)
Frameshift 1(2.6)

doctors before DMD is recognized (10). However, recent
studies show that motor functions are impaired in DMD
starting from infancy (11), and it is recommended to
evaluate serum CK as part of routine screening in all
infants with motor delay (12). The average age at
diagnosis of DMD worldwide is approximately 4 - 5 years
(13). Although detecting the onset of the disease is an
essential part of the natural history of DMD, it is difficult
to precisely measure the age of symptom onset because
the delay in motor development is insidious. Symptoms
progress slowly in the first few years of life.

In this study, most DMD/BMD patients reported a
disease onset at an average age of 3.44 years (3.01 years
in DMD, 5.56 years in BMD). In contrast, the age at
confirmed diagnosis based on genetic testing or muscle
biopsy was 5.35 years (4.91 years in DMD, 6.49 years in
BMD). Similar to the literature, a diagnostic delay of
approximately two years was detected in our DMD/BMD
patients (5, 14). Family history was reported in 35.9% of
patients (27.6% in DMD, 60% in BMD) and motor delay in
25.6% of patients (34.5% in DMD, 0% in BMD). Gan et al.
reported a family history for BMD/DMD in 16.6% of their
patients (15), while Rao et al. reported a family history in
22.73% of cases (16). Zamani et al. reported motor delay in

47.7% of cases (5), and Wonkam-Tingang et al. reported
motor delay in 35.3% of cases (2). Therefore, all cases with
a family history and motor delay should be evaluated
for dystrophinopathies.

Creatine kinase levels were elevated in all patients,
with AST and ALT levels also proportionally increased,
consistent with CK elevation. The concentration of these
enzymes in the serum of patients with DMD/BMD
decreases with age, indicating progressive loss of
muscle mass and disease progression. Therefore, in the
early stages of DMD/BMD, CK and transaminases are
elevated even before symptoms of muscle weakness
appear. AST and ALT were strongly correlated with CK,
suggesting that these enzymes may be valuable
biomarkers for DMD/BMD diagnosis. At onset and
diagnosis, CK, AST, and ALT levels in DMD patients were
significantly higher than in BMD patients. However, no
such relationship was found in the final control values.
These findings are consistent with previous reports (7,
17,18).

Persistent elevation of serum transaminase levels is
well documented in various muscle diseases, including
muscular dystrophies, inflammatory, and metabolic
myopathies. Failure to consider muscle as the cause of
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high serum transaminase levels in these patients can
lead to expensive and invasive hepatic procedures (such
as liver biopsy), delayed recognition of occult or
minimally symptomatic muscle disease, and
unnecessary discontinuation of drug treatments (e.g.,
antibiotics, anticonvulsants) (18). Therefore, before
conducting further examinations for liver diseases in
cases with elevated transaminase levels, muscle diseases
should be considered in the differential diagnosis.
Evaluating cases for family history and CK elevation can
protect patients from unnecessary, costly, invasive
examinations and prevent delayed diagnosis. Muscle
diseases should be included in the differential diagnosis
algorithm for transaminase elevation.

Approximately 65% of dystrophin gene mutations are
exon deletions, 6% are exon duplications, and 13% are
nonsense mutations (6). This study detected 78.9% exon
deletions, 5.3% exon duplications, 13.2% nonsense
mutations, and 2.6% frameshift mutations. The most
common single exon deletion was exon 45 (3 cases), and
the most common multiple exon deletions were exons
45 - 48 (4 cases). The distribution and frequency of
mutations in this study were similar to the results of
other studies (2, 5,19, 20).

In this study, 26 patients (24 with DMD and 2 with
BMD) received corticosteroid treatment (24 with
prednisolone and 2 with deflazacort), while seven
patients had never received corticosteroid treatment,
and six patients were too young for such treatment. The
mean age at the start of corticosteroid treatment was
6.84 years (6.47 years for DMD and 11.25 years for BMD).
Currently, corticosteroids are the only medications that
improve muscle strength and function in DMD patients.
Studies have confirmed their effectiveness, and evidence
shows that corticosteroid use has increased in recent
years (4, 21). The effectiveness of corticosteroid
treatments, which can improve ambulation and
cardiopulmonary function in DMD patients, has been
confirmed by several studies. The age at which patients
start corticosteroid treatment generally varies between
4 and 5 years (22).

The main treatment for DMD patients is
glucocorticoids, which target the glucocorticoid
receptor to produce anti-inflammatory effects by
suppressing  the  NFxB  signaling  pathway.
Glucocorticoids have varying effectiveness and notable
side effects such as weight gain, osteoporosis, cataracts,
hypertension, and slowed bone growth. An innovative
steroid, vamorolone, is currently being investigated as a
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potential alternative to corticosteroids, aiming to
maintain the efficacy profile of corticosteroids while
reducing their side effects. Ataluren is approved in
many countries for the treatment of DMD. Ataluren is a
disease-modifying molecule for stopping codon
readthrough therapy and may help up to 10 - 15% of DMD
patients carrying nonsense mutations as well as
patients carrying frameshift mutations.

Eteplirsen, an antisense oligonucleotide drug that
skips exon 51 from the dystrophin gene, was introduced
after FDA approval in 2017, though there are reservations
about its effectiveness. Other FDA-approved exon
skipping drugs include ExonDys-51 for exon 51, Vyondys-
53 and Viltolarsen for exon 53, and Amondys-45 for exon
45 skipping. However, no pharmacological drug can
compensate for the lack of dystrophin in muscle fibers
(23). Although no definitive cure is currently available
for DMD, its monogenic nature and well-documented
history have made it a prime target for genetic and
other biological treatments, leading to numerous
therapeutic interventions across various modalities (9).

For this reason, the genetic results of patients can be
particularly useful in guiding them toward targeted
treatments.

In this study, 13 patients (33.3%) were dependent on a
wheelchair, with a mean age of loss of ambulation (LoA)
of 10.8 years (range: 8.6 - 12.5 years). This finding is
consistent with previous reports (2, 5,19).

5.1. Limitations and Implications

The most significant limitations of this study were its
retrospective design, the limited number of patients,
and the fact that it was based on data from a single
center. These factors impose limitations on the
interpretation of the results.

A notable proportion (35.9%) of our patients have a
family history of muscle disease. Given the recessive X-
linked mode of inheritance, detailed questioning of
family history is essential for diagnosing DMD/BMD
patients. In our study, 12.8% of cases had no symptoms
and sought medical advice solely due to a family history
of muscle disease.

Another significant finding of our study is the
necessity of including muscle diseases in the differential
diagnosis of cases with elevated transaminase levels and
investigating whether CK elevation accompanies them.
In our cohort, 30.7% of cases presented with elevated CK
and/or AST and ALT without any symptoms.
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Although it is known that AST/ALT elevation occurs in
muscle diseases, failing to include muscle diseases in
the primary differential diagnosis of cases with AST/ALT
elevation may lead to unnecessary and invasive
examinations and a delay in diagnosis. Therefore, it is
crucial to evaluate all patients with elevated AST/ALT for
muscle  diseases  before  conducting further
examinations.

Genetic studies are needed to confirm the diagnosis
in cases where dystrophinopathy is suspected. Muscle
biopsy may be considered in a limited number of
patients with a high likelihood of dystrophinopathy but
no detectable pathology in genetic testing.

5.2. Conclusions

There is no cure for dystrophinopathies, but many
experimental therapeutic approaches are currently in
clinical trials. The treatment of DMD focuses on a
multidisciplinary approach to managing symptoms and
improving quality of life and function. Early recognition
that increased serum transaminase and CK levels reflect
muscle disease accelerates the diagnosis of underlying
conditions and protects patients from unnecessary,
invasive, and costly diagnostic testing.

Footnotes

Authors' Contribution: Study concept and design, M.
B. and R. T. T; acquisition of data, M. B. and R. T. T;
analysis and interpretation of data, M. B. and R. T. T,
drafting of the manuscript, M. B. and R. T. T,; critical
revision of the manuscript for important intellectual
content, M. B. and R. T. T,; statistical analysis, M. B.and R.
T. T.; administrative, technical, and material support, M.
B.and R.T. T, study supervision, M. B.anR.T.T.

Conflict of Interests Statement: The authors declared
no conflicts of interest with respect to the authorship
and|/or publication of this article.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Ethical Approval: The local ethics committee approved
the study (2023-17/70).
Funding/Support: The authors received no financial

support for the research and/or authorship of this
article.

References

10.

12.

Salari N, Fatahi B, Valipour E, Kazeminia M, Fatahian R, Kiaei A, et al.
Global prevalence of Duchenne and Becker muscular dystrophy: A
systematic review and meta-analysis. ] Orthop Surg Res. 2022;17(1):96.
[PubMed ID: 35168641]. [PubMed Central ID: PMC8848641].
https://doi.org[10.1186/513018-022-02996-8.

Wonkam-Tingang E, Nguefack S, Esterhuizen Al, Chelo D, Wonkam A.
DMD-related muscular dystrophy in Cameroon: Clinical and genetic
profiles. Mol Genet Genomic Med. 2020;8(8). e1362. [PubMed ID:
32543101]. [PubMed Central ID: PMC7434738].
https:[/doi.org[10.1002/mgg3.1362.

Andrews ]G, Lamb MM, Conway KM, Street N, Westfield C, Ciafaloni E,
et al. Differentiation of pediatric-onset duchenne and becker
muscular dystrophy subphenotypes using data from the muscular
dystrophy surveillance tracking and research network (MD STARnet).
J Neuromuscul Dis. 2022;9(1):171-8. [PubMed ID: 34776418]. [PubMed
Central ID: PMC9059491]. https://doi.org/10.3233[JND-210739.

Matthews E, Brassington R, Kuntzer T, Jichi F, Manzur AY.
Corticosteroids for the treatment of Duchenne muscular dystrophy.
Cochrane Database Syst Rev. 2016;2016(5):Cd003725. eng. [PubMed ID:
27149418]. [PubMed Central ID: PMC8580515].
https://doi.org/10.1002/14651858.CD003725.pub4.

Zamani G, Hosseinpour S, Ashrafi MR, Mohammadi M, Badv RS,
Tavasoli AR, et al. Characteristics of disease progression and genetic
correlation in ambulatory Iranian boys with Duchenne muscular
dystrophy. BMC Neurol. 2022;22(1):162. [PubMed ID: 35501714].
[PubMed Central ID: PMC9059913]. https://doi.org/10.1186/s12883-022-
02687-1.

Wicklund MP. The muscular dystrophies. Continuum (Minneap Minn).
2013;19(6 Muscle Disease):1535-70. [PubMed ID: 24305447]. [PubMed
Central ID: PMC10564029].
https://doi.org/10.1212/01.CON.0000440659.41675.8b.

Rodriguez-Cruz M, Almeida-Becerril T, Atilano-Miguel S, Cardenas-
Conejo A, Bernabe-Garcia M. Natural history of serum enzyme levels
in duchenne muscular dystrophy and implications for clinical
practice. Am | Phys Med Rehabil. 2020;99(12):1121-8. [PubMed ID:
32520799]. https://doi.org/10.1097/PHM.0000000000001500.

Arora H. Duchenne muscular dystrophy: Still an incurable disease.
Neurol  India.  2019;67(3):717-23.  [PubMed  ID:  31347542].
https://doi.org/10.4103/0028-3886.263203.

Wilton-Clark H, Yokota T. Biological and genetic therapies for the
treatment of Duchenne muscular dystrophy. Expert Opin Biol Ther.
2023;23(1):49-59. [PubMed ID: 36409820].
https://doi.org[10.1080/14712598.2022.2150543.

Flanigan KM. Duchenne and Becker muscular dystrophies. Neurol
Clin.  2014;32(3):671-88.  viii. = [PubMed  ID:  25037084].
https://doi.org[10.1016/j.ncl.2014.05.002.

Connolly AM, Florence JM, Cradock MM, Malkus EC, Schierbecker JR,
Siener CA, et al. Motor and cognitive assessment of infants and
young boys with duchenne muscular dystrophy: results from the
muscular dystrophy association DMD clinical research network.
Neuromuscul Disord. 2013;23(7):529-39. [PubMed ID: 23726376].
[PubMed Central ID: PM(C3743677].
https://doi.org/10.1016/j.nmd.2013.04.005.

Noritz GH, Murphy NA, Neuromotor Screening Expert P. Motor
delays:  Early identification and evaluation. Pediatrics.
2013;131(6):€2016-27. [PubMed ID: 23713113].
https://doi.org[10.1542/peds.2013-1056.

Iran | Pediatr. 2024; 34(5): e143338.


http://www.ncbi.nlm.nih.gov/pubmed/35168641
https://www.ncbi.nlm.nih.gov/pmc/PMC8848641
https://doi.org/10.1186/s13018-022-02996-8
http://www.ncbi.nlm.nih.gov/pubmed/32543101
https://www.ncbi.nlm.nih.gov/pmc/PMC7434738
https://doi.org/10.1002/mgg3.1362
http://www.ncbi.nlm.nih.gov/pubmed/34776418
https://www.ncbi.nlm.nih.gov/pmc/PMC9059491
https://doi.org/10.3233/JND-210739
http://www.ncbi.nlm.nih.gov/pubmed/27149418
https://www.ncbi.nlm.nih.gov/pmc/PMC8580515
https://doi.org/10.1002/14651858.CD003725.pub4
http://www.ncbi.nlm.nih.gov/pubmed/35501714
https://www.ncbi.nlm.nih.gov/pmc/PMC9059913
https://doi.org/10.1186/s12883-022-02687-1
https://doi.org/10.1186/s12883-022-02687-1
http://www.ncbi.nlm.nih.gov/pubmed/24305447
https://www.ncbi.nlm.nih.gov/pmc/PMC10564029
https://doi.org/10.1212/01.CON.0000440659.41675.8b
http://www.ncbi.nlm.nih.gov/pubmed/32520799
https://doi.org/10.1097/PHM.0000000000001500
http://www.ncbi.nlm.nih.gov/pubmed/31347542
https://doi.org/10.4103/0028-3886.263203
http://www.ncbi.nlm.nih.gov/pubmed/36409820
https://doi.org/10.1080/14712598.2022.2150543
http://www.ncbi.nlm.nih.gov/pubmed/25037084
https://doi.org/10.1016/j.ncl.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23726376
https://www.ncbi.nlm.nih.gov/pmc/PMC3743677
https://doi.org/10.1016/j.nmd.2013.04.005
http://www.ncbi.nlm.nih.gov/pubmed/23713113
https://doi.org/10.1542/peds.2013-1056

Bodur M and Tutuncu Toker R

14.

15.

16.

17.

Zhang S, Qin D, Wu L, Li M, Song L, Wei C, et al. Genotype
characterization and delayed loss of ambulation by glucocorticoids
in a large cohort of patients with Duchenne muscular dystrophy.
Orphanet | Rare Dis. 2021;16(1):188. [PubMed ID: 33910603]. [PubMed
Central ID: PMC8082961]. https://doi.org[10.1186/s13023-021-01837-X.

Thomas S, Conway KM, Fapo O, Street N, Mathews KD, Mann JR, et al.
Time to diagnosis of duchenne muscular dystrophy remains
unchanged: Findings from the muscular dystrophy surveillance,
tracking, and research network, 2000-2015. Muscle Nerve.
2022;66(2):193-7. [PubMed ID: 35312090]. [PubMed Central ID:
PMC9308714]. https://doi.org/10.1002/mus.27532.

Gan S, Liu S, Yang H, Wu L. Clinical and genetic characteristics of
chinese duchenne/becker muscular dystrophy patients with small
mutations. Front Neurosci. 2022;16:992546. [PubMed ID: 36419457].
[PubMed Central ID: PMC9677089].
https://doi.org/10.3389/fnins.2022.992546.

Rao MV, Sindhav GM, Mehta ]]. Duchenne/Becker muscular
dystrophy: A report on clinical, biochemical, and genetic study in
Gujarat population, India. Ann Indian Acad Neurol. 2014;17(3):303-7.
[PubMed ID: 25221400]. [PubMed Central ID: PMC4162017].
https://doi.org/10.4103/0972-2327.138508.

Ghobrial C, Abdelhamid N, El-Karaksy H. Incidental
hypertransaminasemia in children: Potential delay in diagnosis of
muscle disease. Egyptian Pediatric Association Gazette. 2018;66(4):112-4.
https://doi.org/10.1016/j.epag.2018.09.002.

Iran ] Pediatr. 2024; 34(5): e143338.

18.

19.

20.

21

22.

23.

McMillan HJ, Gregas M, Darras BT, Kang PB. Serum transaminase
levels in boys with Duchenne and Becker muscular dystrophy.
Pediatrics. 2011;127(1):e132-6. [PubMed ID: 21149430].
https://doi.org/10.1542peds.2010-0929.

Magri F, Govoni A, D'’Angelo MG, Del Bo R, Ghezzi S, Sandra G, et al.
Genotype and phenotype characterization in a large
dystrophinopathic cohort with extended follow-up. | Neurol.
2011;258(9):1610-23. [PubMed ID: 21399986].
https://doi.org/10.1007/s00415-011-5979-z.

Muntoni F, Torelli S, Ferlini A. Dystrophin and mutations: One gene,
several proteins, multiple phenotypes. Lancet Neurol. 2003;2(12):731-
40. [PubMed ID: 14636778].  https://doi.org/10.1016/s1474-
4422(03)00585-4.

Manzur AY, Kuntzer T, Pike M, Swan AV. Glucocorticoid
corticosteroids for Duchenne muscular dystrophy. Cochrane
Database  Systematic Rev. 2008;(1). [PubMed ID: 2898185].
https://doi.org/10.1002/14651858.CD003725.pub3.

Wang L, Xu M, Li H, He R, Lin ], Zhang C, et al. Genotypes and
phenotypes of DMD small mutations in chinese patients with
dystrophinopathies. Front Genet. 2019;10:114. [PubMed ID: 30833962].
[PubMed Central ID: PMC6388391].
https://doi.org[10.3389/fgene.2019.00114.

Saad FA, Siciliano G, Angelini C. Advances in dystrophinopathy
diagnosis and therapy. Biomolecules. 2023;13(9). [PubMed ID:
37759719]. [PubMed Central ID: PMC10526396].
https://doi.org/10.3390/biom13091319.


http://www.ncbi.nlm.nih.gov/pubmed/33910603
https://www.ncbi.nlm.nih.gov/pmc/PMC8082961
https://doi.org/10.1186/s13023-021-01837-x
http://www.ncbi.nlm.nih.gov/pubmed/35312090
https://www.ncbi.nlm.nih.gov/pmc/PMC9308714
https://doi.org/10.1002/mus.27532
http://www.ncbi.nlm.nih.gov/pubmed/36419457
https://www.ncbi.nlm.nih.gov/pmc/PMC9677089
https://doi.org/10.3389/fnins.2022.992546
http://www.ncbi.nlm.nih.gov/pubmed/25221400
https://www.ncbi.nlm.nih.gov/pmc/PMC4162017
https://doi.org/10.4103/0972-2327.138508
https://doi.org/10.1016/j.epag.2018.09.002
http://www.ncbi.nlm.nih.gov/pubmed/21149430
https://doi.org/10.1542/peds.2010-0929
http://www.ncbi.nlm.nih.gov/pubmed/21399986
https://doi.org/10.1007/s00415-011-5979-z
http://www.ncbi.nlm.nih.gov/pubmed/14636778
https://doi.org/10.1016/s1474-4422(03)00585-4
https://doi.org/10.1016/s1474-4422(03)00585-4
http://www.ncbi.nlm.nih.gov/pubmed/2898185
https://doi.org/10.1002/14651858.CD003725.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30833962
https://www.ncbi.nlm.nih.gov/pmc/PMC6388391
https://doi.org/10.3389/fgene.2019.00114
http://www.ncbi.nlm.nih.gov/pubmed/37759719
https://www.ncbi.nlm.nih.gov/pmc/PMC10526396
https://doi.org/10.3390/biom13091319

