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Background Duchene muscular dystrophy (DMD) is an X-linked progressive muscle
disorder that is characterized by proximal muscle weakness followed by a premature
death in young boys. There is a low index of reports on diagnosis ratio and clinical
features in Southern India.

Objective The present study aimed to conduct an observational survey on prelimi-
nary analysis, family history, associated complaints, and diagnosis ratio of DMD in
southern regions of India.

Materials and Methods A systematic observation and survey were conducted on
clinically confirmed DMD patients registered between 2019 and 2021 through the
questionnaire. The questionnaire and pattern of study were identified by exploring
published and unpublished studies available from electronic databases and critical
assessment criteria considered by physicians. Preliminary analysis such as onset
criteria, motor difficulties, milestone delay; family history and consanguinity analysis;
chief complaints (ambulatory status, lordosis, respiratory, and cardiac outcomes),
associated complaints such as enlarged tongue, oral hygiene, behavioral problems; and
other similar parameters were studied. An assessment of the diagnosis rate and pattern
was performed.

Statistical analysis The data were reviewed and interpreted through statistical
methods mean =+ standard deviation represented as a percentage.

Results In total, 400 DMD patients were included and 250 participated in the study.
The onset age group was 2 to 5 years in 37% of the population. Milestone delay was
seen in 86%; consanguinity marriage of parents was reported in 39%. Frequent falls
were reported in 62%in 5 to 8 years old group. Wheelchair status was reported in 65% in
9to 12 years old. Cervical and lumbar lordoses were seenin 57 and 69%, respectively, in
above 13 years old. Respiratory and cardiac complications were 88 and 78% reported in
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above 13 years old, respectively. Other major associated complaints such as enlarged
tongue were reported in 79%. Fifty-one percent underwent genetic diagnosis and 79%
of the population underwent serum creatine phosphokinase (CPK) analysis for the

confirmation of DMD.
Conclusion

In this study population of South India, milestone delay was a major

observation. Although there was a slight margin, family history shows “no blood
relation among parents” in the majority of the study population. Chief complaints were
predominantly severe above 13-year age group population. Serum CPK was the first
choice for the first investigation, which is followed by a genetic diagnosis.

Introduction

Muscular dystrophies are rare genetic disorders. Genetical-
ly, there are more than 50 types of muscle dystrophies and
their subclasses are also involved based on the specific
mutation. These are clinically identified by difficulty in
walking, muscle degeneration, and muscle weakness. These
clinical symptoms are variable depending on the specific
mutated gene.

Duchene muscular dystrophy (DMD) is a heterogenous, X-
linked genetic disease - predominantly observed in young
boys. Females act as non-symptomatic carriers. However,
there are rare non-confirmed cases reported with mild
symptoms. This progressive muscle disorder has no cure
till date. The incidence of DMD occurs in a ratio of 1 in 3,000
to 5,500 male births® and is caused due to the lack of
“dystrophin” protein that affects muscle functionality. There
are very few case studies reported; according to PubMed, 150
cases were reported® till 2017. However, there is an increase
in this margin since past few years, i.e., additional 126 case
report studies were reported till date from 2017. In this
study, we focused on the pattern of symptom identification
and diagnostics reported in a group of 250 affected DMD
populations. A detailed prospective study was conducted for
a comparative analysis of DMD patients in different parts of
Southern India with the aid of Amaravathi Muscular Dystro-
phy Association (Registration no: 33 of 2019). The study
mainly focused on the symptoms, diagnosis pattern experi-
enced by patients, and onset criteria of DMD.

This study focuses on the fusion of symptoms experienced
and genetic diagnosis reports. Improvements can result from
these kinds of studies in the margin of investigations and
research depending on the patient outcomes. Case report
analysis in Southern India is rare. This may be because of the
dearth of knowledge on DMD. Therefore, there is a poor
expected outcome in these patients. Diagnosis of DMD needs
a comprehensive understanding of family history,” medical
history,® age of onset, disease-specific features, onset, and
development of distribution of weakness.

Muscle biopsy is the most practiced investigation for the
diagnosis of DMD.’ Genetic diagnosis test is still a challenge.
Even if the testing procedures are available due to price
trends, it is a prohibitive factor to many low-income patients.
One of the most reliable diagnostic tests of DMD is multiple
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polymerase chain reaction (mPCR). The mPCR consists of
multiple primer sets within a single primer mixture. In this,
predefined mutations are detected that is one of the greatest
weaknesses in general. However, there is a need for extensive
genetic studies to assess the unique mutations in the
patients.8 The cost factors also play a crucial role in the
hindrance of the research studies. But the importance of
these tests is still high.

Materials and Methods

A survey® was conducted through sharing a questionnaire
link in the advocacy group, Amaravathi Muscular Dystrophy
Association (Registration number: 33 of 2019) of patients
registered between 2019 and 2021, and also through a
detailed phone interview. Minor changes were made in
the methodology adopted by Romitti et al.’ The question-
naire was developed based on the existing research work on
DMD'? and assessment criteria considered by the physi-
cians for drawing conclusion as reported. In addition,
survey parameters were also considered. All the parameters
of the questionnaire were detailed to patients and
parents/guardians before the initiation of the study, and
their consent was taken by explaining the details of the
consent form. Parents were involved in reporting the details
of young and debilitated children and described the ram-
ifications that affected a DMD child.

The study population was divided into “groups.” The
study population was divided into three groups for the
assessment of chief complaints, but other associated param-
eters and diagnosis pattern were not interpreted through
this method. The reason for dividing into groups based on
the age for chief complaints was due to wild variance seen
with age in the parameters such as motor difficulties,
ambulatory factors, cardiac, and respiratory complaints.
Diagnosis parameters and associated complaints did not
show variance with the age factor. Hence, the statistics of
these parameters were studied at the screening stage (not
grouped). Patients of different age groups were included.
Patients suffering from other muscle disease like multiple
sclerosis and other types of muscular dystrophy were
excluded. The data were reviewed and interpreted through
statistical methods mean + standard deviation represented
as a percentage.
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Table 1 Assessment of milestone delay in the study population

Parameter Percentage of
population reported (%)

Milestone delay 66

No milestone delay 32

Milestone delay 2

unknown (not noticed)

Results

DMD was mostly observed in boys, and the ideal identifica-
tion age was early childhood. Milestone delay was seen in
86% of study size, 12% of the population reported no mile-
stone delays, and 2% population reported unknown informa-
tion (~Table 1). Ideally, the age of onset was reported to be
below 5 years, i.e., 2 to 5 years age group in 37% of the study.
Age of onset was reported to be between 5 and 8 years age
group in 33%, 9 and 12 years age group in 29%, and above or
equal to 13 years in a trifling percentage, i.e., 1% of the study
population (=Table 2). Patients with a different dietary
group did not show much variance in the postponement of
the onset of symptoms; although 2% of the non-vegetarian
diet population reported good management of symptoms, it
is considered as negligible.

Family history was studied in the study groups. Consan-
guinity marriage of parents was reported in 39%, no blood
relation of the affected parents was reported in 46%, far
relation of parents was reported in 12%, and unknown
relation was reported in 3% of the study population
(=Fig. 1). Thirty-three percent of the affected population
reported that there is an immediate affected male sibling
(mostly DMD), and only 1% reported affected female siblings
whose genetic confirmation is not done (~Fig. 1).

Table 2 Chief complaint assessment in the study population
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The study population was analyzed for the ambulatory
condition as the chief parameter. At the age of 5 to 8 years,
15% of the population (=Table 1) was able to walk without
support, 55% of the population reported walking with sup-
port, and 30% of the population were wheelchair bound. In
the age group of 9 to 12 years, 12% population reported the
ability of walking without support, 23% of the population
reported walking with support, and 65% of the population
was wheelchair bound or partially used a wheelchair. The
percentage of walking ability was gradually decreased or
declined as the age progressed. The wheelchair bound status
tremendously increased in the age group of 13 years and
above to 89%; however, 8% reported walking with support
and 3% reported walking without support (=Table 2).

Cervical lordosis was reported in 14% of the population in
the age group of 5 to 8 years, 29% in the age group of 9 to
12 years, and 57% in the age group of 13 years or above.
Lumbar lordosis was reported in 3% of the population in the
age group of 5 to 8 years, 28% in the age group of 9 to 12 years,
and 69% in the age group of 13 years or above (~Table 2).

Motor difficulties were reported in 43% in the age group of
5 to 8 years, 56% in the age group of 9 to 12 years, and 81% in
the age group of 13 years or above. The frequency of falls was
reported in 28% in the age group of 5 to 8 years, 62% in the age
group of 9 to 12 years, and 9% in the age group of 13 years or
above. Gower’s sign was reported in 39% in the age group of 5
to 8 years, 42% in the age group of 9 to 12 years, and 6% in the
age group of 13 years or above. Calf hypertrophy was
reported in 10% in the age group of 5 to 8 years, 12% in the
age group of 9 to 12 years, and 12% in the age group of
13 years or above. Muscle thinning and twitching were
reported in 10% in the age group of 5 to 8 years, 11% in the
age group of 9 to 12 years, and 12% in the age group of
13 years or above (~Table 2).

The chief complaints of DMD patients were cardiac and
respiratory difficulties that were reported in 19% of

Percentage of population reported

Parameter assessed 5-8y 9-12y >13y

Walk without support 15 12 3

Walk with support 55 23 8

Wheelchair bound 30 65 89

Age of onset (37% reported <5 y) 33% 29 1

Cervical lordosis 14 29 57

Lumbar lordosis 3 28 69

Motor difficulties 43 56 81

Frequency of falls 28 62 9 (most of population is wheelchair bound)
Gower’s sign 39 42 6 (most of population is wheelchair bound)
Calf hypertrophy 10 12 12

Muscle thinning, muscle twitching 10 11 12

Cardiac issues 19 25 78

Respiratory problems 22 28 88
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B Consanguinity Marriages

Fig. 1 Consanguinity analysis in study population.

population in 5 to 8 years age group, 25% in 9 to 12 years
age group, and 56% in 13 years or above age group
(=Table 2).

Associated complaint analysis was reported. Oral exami-
nations were another important feature analyzed in the
study population. Enlarged tongue was reported in 79%,
left and right crossbites were reported in 45%, and poor
oral hygiene was reported in 57% of the study population
(=Table 3). Posterior maximum voluntary force bite and
labial force were reported in 77% population and unknown

Table 3 Associated complaint assessment in the study
population

H No blood relation

Parameter Percentage of
population reported (%)

Enlarged tongue 79

Left and right crossbites 45

Poor oral hygiene 57

Posterior maximum voluntary 77
force bite

Speech and learning difficulties | 45

Behavioral problems 57

B Far blood relation = Relation Unknown

in 22% population. Speech and learning difficulties were
reported in 45% of the population. Behavioral problems
were reported in 57% of study population (~Table 3).

The study population variably reported that the prima-
ry diagnosis was through clinical observation and symp-
tom identification. This is primarily confirmed by
serological analysis (=Table 4). The study population
was analyzed for the pattern of diagnosis undergone.
Seventy-nine percent of the study population reported
undergoing creatine phosphokinase (CPK) tests, 43% elec-
tromyography (EMG) test, 45% muscle biopsy, and 51%
genetic analysis confirmation (=Fig. 2). Serological analy-
sis revealed elevation of creatine kinase levels to 5,000 to
8,000 U/L (69% study population reported) and
>300<5,000 U/L in 31% of population. The elevations
are reported for both alanine transaminase levels and
lactate dehydrogenase levels that are reported as between
120 to 300 U/L and 400 to 700 ng/dL, respectively, in all the
age groups of the study population. However, the 79%
population reported further examination through electro-
myographic pattern and tissue invasive tests. Out of this
79% population, 55% population reported final genetic
confirmations of mutation changes. It was reported that
the physicians did not recommend undergoing any genetic
confirmation of mutation changes.
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Table 4 Detailed diagnosis parameters
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Chief examinations

Examination of muscle problems such as muscle weakness, degeneration, and tonicity

Serological examinations

Creatinine kinase enzyme analysis

Associated complaint analysis

Respiratory, cardiac, and oral examinations

Muscle biopsy

Primary muscle test for dystrophy confirmation

Genetic analysis

Tested for mutations and deletions of gene

90%

79%

80%

70%

60%

50%

40%

30%

Percentage of population

20%

10%

0%

CPK tests ENMG test

51%

45%

Genetic analysis
confirmation

Muscle biopsy

Type of diagnosis test

Fig. 2 Diagnosis report in study population.

Discussion

There are many studies on DMD with irregular and improper
reporting. This observational survey study focused on system-
atic and in-depth analysis of the pattern of identification and
diagnosis of 400 DMD population, 250 patients accepted the
consent to participate in the study. DMD is rare and pernicious
among all types of dystrophies.!" DMD gene consists of 79
exons and a large number of introns. Because of the presence of
a huge number of introns, these are prone to mutations.'?
The affected population of DMD is mostly boys and the
starting age is between 2 and 5 years. Predominantly, the age

Journal of Neurosciences in Rural Practice

of onset observed is in early childhood with initial symptoms
of walking difficulties. Overall, the reported dietary group
(high proteinaceous and less proteinaceous diet) suggests
that there is no major effect of the diet on the onset age of the
clinical symptoms. But the symptomatic management was
reported with adequate intake of proteins, which was ac-
knowledged by a smaller group of patients in a negligible
ratio. Since the progression risk is very high in the DMD
population, the effect of protein and non-protein diet is less
known and unidentified by patient groups or patients.
According to studies, consanguinity is the notion in 88% of
the study population.' Consanguinity is widely practiced in
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Asian countries especially in India. DMD is X-linked inherited
where consanguinity is not an entailed factor. However, most
of the patients reported that consulted physicians mostly
attributed DMD to consanguine marriages. However, reports
suggested “consanguinity” is not the key factor for DMD. Also,
the study reported that the occurrence of DMD was seen in the
immediate siblings of the DMD child.'® The symptoms, diag-
nosis, onset, and cessation of ambulation are assessed based on
the symptoms of the older siblings. Due to this imaginary
assessment, a negligible number of young female siblings were
also reported without any genetic confirmation or primary
diagnostic pattern. This imaginary confirmation is the primary
factor of misconception that affects the management therapy
and clinical trial enrollment.

Chief examinations include general physical assessments.
Affected boys clinically reported ambulatory difficulty.
Walking difficulty is severe in the above 13 years age group,
while it initially starts in the group between 5 and 8 years of
age. This can be attributed to increased progression of
muscle weakness. Milestone delays such as walking were
the key factor observed in infants and early childhood, and
this factor is responsible for the primary identification of
muscle disease. Cervical lordosis was merely increased in the
above 12 years age group. Cervical and lumbar lordoses were
mild in between 5 and 10 years age group and worse in above
12 years of age. Motor difficulties such as difficulty in rising
from floor and frequent falls were estimated by the scale
which is constructed based on the observational data of the
study. Difficulties ought to be severe in the age group of 9 to
12 years and above. During the initial stages, affected boys
used arm support to rise from the sitting position, which can
be considered as “Gower’s sign.” This is attributed to low
strength of hip and thigh muscles. As age increases, the
deterioration of muscles progresses, thereby degenerating
muscle movement. There were similar scenarios reported
with parameters such as calf hypertrophy, muscle tone,
muscle thinning, and twitching. Cardiac and respiratory
difficulties were majorly reported. The age group above 13
years encounters a high risk of cardiac failures. This fact is
also suggested by the case report study.'® The weak periph-
eral and respiratory muscles occur in parallel that leads to
respiratory and heart failure.

Oral manifestations include left and right crossbites, poor
oral hygiene, voluntary force bite, and labial force. These can
be attributed to orofacial muscle involvement that is appar-
ently caused by the disease. Other problems reported pre-
dominantly include behavioral problems, speech, and
learning difficulties. Behavioral problems may be attributed
to psychological stress and anxiety. Normally, a child should
be able to speak between the age of 18 to 24 months. The
words may be mumbled. Also, the same scenario can be
applied in the case of learning parameters such as walking,
standing on own foot, and other motor functions. Here, in
this study, we have reported difficulties in learning, speech,
and behavioral parameters by considering non-developmen-
tal symptoms till 24 months of age.

As reported, the primary diagnosis is done by clinical
assessment, findings, and correlation of the results. These
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findings were confirmed by serum creatinine levels and
histopathology tests such as muscle biopsy and immune
pathology.'® Further, it is genetically confirmed to under-
stand the deletions and mutations in the gene. Leakage of
proteins into serum is observed due to repeated contractions
and increased permeability of sarcolemma. Due to this,
creatinine levels are elevated and help in primary diagnostic
confirmation of any muscle damage'’ (~Table 4).

Secondary dystrophy confirmation is through electroneur-
omyography and muscle biopsies. Electromyography involves
the measurement of muscle response with respect to the nerve
stimulation of that muscle. This test involves small electrodes
that are inserted through the skin into the muscle.

A biopsy involves making a small cut in the skin near the
thigh area. The muscle tissue is examined and studied for the
identification of the degeneration, regeneration of muscle
fibers, and variation in fiber size.'> These techniques cause
irreversible changes, and these inclusive procedures both-
ered and were unacceptable by the patient groups in terms of
short-term pain and long-term scars.

The study population in this study majorly reported
undergoing serum and creatinine tests (serological exami-
nations). Secondary confirmation reported was through
invasive tests. Out of the population who underwent the
invasive testing procedure, only 55% of the population
reported undergoing genetic diagnosis. This is considered
as the stumbling block of clinical trials and research advance-
ments. The genetic diagnostic techniques aim at studying
deletions and mutations that act as the most important
criteria for mutation-specific therapies that are under devel-
opment.'® According to recent studies, muscle biopsies are
optional since the biopsies identify the DMD phenotype but
not the mutations in the DMD gene.

Conclusion

This study bestows the affected DMD study population. Criti-
cal care should shadow children between 10 and 13 years and
above age group, as there is a high risk of muscle weakness
involved and also cardiac and respiratory muscle malfunction.
In this study population of South India, milestone delay was
the major observation. Although there was a slight margin,
family history shows “no blood relation among parents” in the
majority of the study population. Chief complaints were
predominantly severe in the age group population of 13 years
and above. Serum CPK was the first choice for the first
investigation that is confirmed by genetic diagnosis.

Risk-benefit analysis studies revealed that the patients
with no genetic confirmation were prone to high risks.
Parents can consider family planning by knowing the hered-
itary pattern and confiscating suitable measures in planning
the next child to terminate the hereditary occurrence of the
disease. Also, there are suitable guidelines for the manage-
ment of specific mutations and this leads to the probability of
undertaking available therapy.

The progression of muscle weakness is irreversible, and
hence, it is important to identify the disease at the earliest
and follow available supportive therapies and management.
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The clinical consultants and primary physicians should
inculcate complete diagnostic procedures to avail patients
of the emerging gene therapies.
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