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Abstract
Introduction: Duchenne muscular dystrophy (DMD) is considered the most common inherited
neuromuscular disorder that shows an X-linked recessive pattern of inheritance. Cardiac manifestations are
the most common causes of death in DMD patients.[1,2] Several studies discussed the effect of the genetic
diagnosis on the progression of cardiomyopathy. There is a conflict regarding specific mutations as being
either cardioprotective or being risk factor for development of cardiomyopathy.
Methodology: In this study, 30 genetically diagnosed patients and 26 genetically diagnosed carriers were
subjected to history taking, clinical examination, ECG and echocardiography.
Results: DMD patients with exon 65 mutation appeared to have a better LV EF compared to patients who
don’t have this mutation. Female carriers of DMD mutations located 3-6 had larger LV dimensions
compared to patients who don’t have these mutations.
Conclusion: There is still a conflict regarding relation between different exon mutations and cardiac
affection. Exon 65 appeared to have a cardioprotective effect in DMD patients. Female carriers with
mutations in exon 3-6 tended to have larger LV internal dimensions.
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Background

Duchenne muscular dystrophy (DMD) is considered the most common inherited neuromuscular
disorder with X-linked recessive inheritance.

The DMD gene is the largest known human gene. The mutation rate is relatively high; in one in
three cases, DMD is caused by a de novo mutation. [3,4]

Deletion and duplication of exons represent the most common types of mutations 68%, 11%
respectively. The most common affected exons for deletion are between 45-55 and for duplication are
between exons 2-10[5]

The normal dystrophin protein acts as a shock absorber during muscle fiber contraction. [6] In
DMD, mutations affect dystrophin function by disrupting the reading frame or by generating a premature
stop codon. As a result, the muscle fibers are easily damaged during contraction, leading to chronic muscle
damage and loss of muscle function and cardiac affection is considered the most common cause of death in
DMD patients[7,8].

Some female carriers develop skeletal muscle manifestations and cardiomyopathy. Regular
assessment of patients and carriers of DMD is required that includes history taking, clinical examination,
electrocardiography (ECG), and non-invasive cardiac imaging technique. Cardiac magnetic resonance
(CMR) imaging is important diagnostic tool while transthoracic echocardiography is a simple alternative
especially for patients younger than 7 years. [1]
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This study aimed to assess the correlation between different types of exon mutations and development of
cardiomyopathy in DMD patients and carriers.
Materials and Methods:

This is an observational descriptive cross-sectional study, which was conducted in Ain Shams
University hospitals in the period between June 2019 and June 2020.
56 DMD patients and carriers molecularly diagnosed were included in the study. They were subdivided
into 2 groups.
Group A included 30 male patients genetically diagnosed as DMD patients.
Group B included 26 female patients genetically diagnosed as DMD carriers.

The study design was approved by the ethical committee of, Ain Shams University faculty of
Medicine. All patients or next kin of care signed an informed written consent.
All subjects were subjected to history taking with identification of symptoms of heart failure and physical
examination including vital data (Arterial blood pressure and heart rate).

Multiplex ligation dependent probe amplification (MLPA) was used to test for deletion or
duplication of the DMD gene.

12 lead surface ECG: was done for all the study participants. The device was calibrated at normal
standardization Imm=0.1 mv and with a speed 25mm per second. Three channel 12 lead ECG was
generated followed by an ECG strip of lead II.

Standard ECG-gated trans-thoracic echocardiography was performed for all subjects using a Vivid
S5 machine,USA, according to the recommendations of American society of Echocardiography. [9] The
following measures were taken; LV diameters (end-diastolic diameter (LVEDD and end-systolic diameter
(LVESD), LV volumes end-diastolic volume (LVED vol), LV end-systolic volume (LVES vol), Ejection
fraction, Diastolic function (E/A ratio, DT, lateral E', E/E"), LA dimensions, Mitral valve assessment,
Aortic valve assessment, Other valvular, endocardial, myocardial or pericardial affection.

Statistical analysis

Version 22 of Statistical Package for Social Science (IBM SPSS) was used for data analysis. The
setting for the confidence interval was 95% and the margin of error accepted was set to 5%, so the p-value
was considered significant if P < 0.05

Results:
DMD patients (Group A)

The most common exons mutations in group A were exons 49-50 in 37.9% of the patients followed
by exon 48 in 27.6% of the patients followed by exon 45-47 in 24.1% of the patients.

There was no significant statistical relation between different sites of exon mutations and IVSd,
PWd, LVEDD, LVESD, LVED vol or LVES vol.

On comparing different sites of exon mutation and EF by modified simpson’s method, there was a
statistically significant difference between patients with exon 65 mutation with a mean of (70.00 + 3.46) %
and patients who don’t have the mutation (61.27 + 5.23) %. P=0.009 (Table 1)

There was no significant statistical difference between different sites of exon mutation and diastolic
function by E/E'. (Table 2)

There was no significant statistical difference between different sites of exon mutation and PR
interval. (Table 3)

On comparing different sites of exon mutation and QRS duration, there was a statistically significant
difference between patients with exon 45 mutation with a mean of (95.00 + 4.08) msec and patients who
don’t have the mutation (88.86 + 5.96) msec. P=0.018 (Table 5)
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There was also a statistically significant difference between patients with exon 55 mutation with a
mean of (83.33 + 2.89) msec and patients who don’t have the mutation (91.15 £+ 5.88) msec. P= 0.033
(Table 4)

DMD Carriers (Group B)

The most common exons mutations in group B were exons 49-50 in 40% of the patients followed by
exon 48 in 28% of the patients followed by exon 45-47 in 24% of the patients.

There was no significant statistical relation between different sites of exon mutations and IVSd, or
PWd.

Patients with exon mutation in exons 3-6 were found to have larger LVEDD, LVESD, LVEDV and
LVESYV when compared to patients who don’t have these mutations.

Patients with exon 65 mutations had a smaller LVESDD compared to patients who didn’t have this
mutation.

There was no significant statistical difference between different sites of exon mutation and EF by
modified Simpson’s method in Group B. (Table 5)

There was no significant statistical difference between different sites of exon mutation and diastolic
function E/E’ method in Group B. (Table 6)

There was no significant statistical difference between different sites of exon mutation and PR
interval in Group B. (Table 7)

On comparing different sites of exon mutations and QRS duration, there was a significant statistical
difference between patients with exon 2 mutation with mean (100.00 £ 0.00) msec. and patient who don’t
have the mutation with mean (88.00 + 6.55) msec. P=0.018 (Table 8)

There was a significant statistical difference between patients with exon 49 mutation with mean
(85.40 £ 6.00) msec. and patient who don’t have the mutation with mean (91.33 + 6.94) msec. P=0.038
(Table 8)

There was a significant statistical difference between patients with exon 50 mutation with mean
(85.40 £ 6.00) msec. and patient who don’t have the mutation with mean (91.33 + 6.94) msec. P=0.038
(Table 8)

Discussion

Duchenne muscular dystrophy (DMD) is considered the most common inherited neuromuscular
disorder with X-linked recessive pattern inheritance. Cardiac manifestations are the most common causes
of death in DMD patients. This study is a trial to establish a relation between genetic diagnosis and cardiac
affection in DMD patients and carriers.

In this study, there was no significant relation between different exon mutations and LV dimensions,
volumes nor diastolic function by E/E’. Only DMD patients with exon 65 mutation appeared to have a
higher EF with a mean of (70.00 £ 3.46) % and patients who do not have the mutation (61.27 + 5.23) %
which may suggest it had a cardioprotective role.

Jefferies and his colleagues found that exon 12, 14, 15, 16 and 17 mutations are associated with

development of cardiomyopathy. Also, they found that exon 51 and 52 mutations tend to be protective
against cardiomyopathy which didn’t agree with this study[10].
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Ashwath and her colleagues conducted a study on 75 DMD patients. They divided the patient into 4
groups according to presence and severity of cardiomyopathy. Also, they divided the patients into 4 groups
regarding the site of the genetic mutations. They found that distribution of the mutations appeared similar
in the 4 severity groups[11].

In this study, there was no significant relation between site of exon mutations and LV systolic
function nor diastolic function using E/E’. Although, female carriers with exon mutation in exons 3-6 had
larger LVEDD, LVESD, LVEDV and LVESV when compared to patients who don’t have these mutations.
Also, Patients with exon 65 mutations had a smaller LVESDD compared to patients who didn’t have this
mutation.

Thomas Mccaffrey and his colleagues conducted a study on 130 female patients diagnosed as
carriers of DMD and BMD; 88 carriers of DMD and 42 carriers of BMD. They defined 63 different genetic
mutations and they didn’t find any relation between specific type or location of mutation and development
of cardiomyopathy which agreed with this study.[12]

Conclusion:

Cardiac affection is the most common cause of death in DMD patients. Different studies were
done trying to establish a relation between different sites of genetic mutations and cardiac affection. In this
study, exon 65 mutation was noticed to have a cardioprotective effect. Female carriers with exon mutations
3-6 appeared to have larger LV dimensions and volumes.

Limitation:
Small number of patients as the disease is relatively uncommon.
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EF % Modified Simpson's (%)
No mutation Mutation P-value
Mean = SD Mean = SD
1 62.19 +5.90 62.00 +2.83 0.966
2 62.52 +5.95 60.00 + 3.74 0.422
3 62.27 £6.00 61.33 £2.31 0.793
4 62.27 £6.00 61.33 £2.31 0.793
5 62.27 £6.00 61.33 £2.31 0.793
16 62.27 £6.00 61.33 £2.31 0.793
7 62.25 £5.80 60.00 £ 0.00 0.706
8 62.15+£592 62.50£0.71 0.935
9 62.15+£592 62.50+£0.71 0.935
10 62.15+£592 62.50+£0.71 0.935
11 62.15+£592 62.50+£0.71 0.935
12 62.15+£592 62.50+£0.71 0.935
13 62.15+£592 62.50+£0.71 0.935
14 62.15+£592 62.50+£0.71 0.935
15 62.15+592 62.50 +0.71 0.935
16 62.15+592 62.50+0.71 0.935
17 62.15+592 62.50+0.71 0.935
18 62.15+592 62.50+0.71 0.935
19 62.15+592 62.50+0.71 0.935
20 62.15+592 62.50+0.71 0.935
21 62.15+592 62.50+0.71 0.935
41 62.37 £ 5.87 59.50+0.71 0.503
43 62.25 +5.80 60.00 + 0.00 0.706
45 62.91 £5.22 59.86 + 6.96 0.224
46 62.86 +5.78 60.00 £ 5.26 0.255
47 62.86 +5.78 60.00 £ 5.26 0.255
48 62.38 £5.45 61.63 £6.70 0.756
49 62.72 £ 5.83 61.27 £ 5.66 0.517
50 62.72 £5.83 61.27 +£5.66 0.517
51 62.72 £5.95 58.75+1.71 0.202
52 62.72 £5.95 58.75+1.71 0.202
53 62.72 £5.95 58.75+1.71 0.202
54 62.72 £5.95 58.75+1.71 0.202
55 62.50 +5.93 59.33 +1.53 0.372
56 62.29 +5.78 59.00 + 0.00 0.581
57 62.29 +5.78 59.00 + 0.00 0.581
58 62.29 +5.78 59.00 + 0.00 0.581
59 62.29 +5.78 59.00 + 0.00 0.581
Jo0 62.29 +5.78 59.00 + 0.00 0.581
le1 62.29 +5.78 59.00 + 0.00 0.581
l62 62.29 +5.78 59.00 + 0.00 0.581
les 61.27 £5.23 70.00 + 3.46 0.009

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test




Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 03, 2021

Table (2) Comparison between different sites of exon mutation and diastolic function (E/E’) in group (A)

Diastolic function E/E'
No mutation Mutation P-value
Mean = SD Mean * SD
1 4.67+1.30 3.50+0.71 0.226
2 476 +1.30 3.50 +0.58 0.070
3 4.69+1.32 3.67 +0.58 0.200
4 4.69+1.32 3.67 +0.58 0.200
5 4.69+1.32 3.67 +0.58 0.200
6 4.69+1.32 3.67 £0.58 0.200
7 4.61+131 4.00 +0.00 0.654
8 448 +1.25 6.00+1.41 0.111
9 448 +1.25 6.00+1.41 0.111
10 448 +1.25 6.00+1.41 0.111
11 448 +1.25 6.00 +1.41 0.111
12 448 +1.25 6.00 +1.41 0.111
13 448 +1.25 6.00 +1.41 0.111
14 448 +1.25 6.00 +1.41 0.111
15 448 +1.25 6.00 +1.41 0.111
16 448 +1.25 6.00+1.41 0.111
17 448 +1.25 6.00 + 141 0.111
18 448 +1.25 6.00 +1.41 0.111
19 448 +1.25 6.00 + 141 0.111
20 448 +1.25 6.00 + 141 0.111
21 448 +1.25 6.00 +1.41 0.111
41 4.67+1.30 3.50+0.71 0.226
43 457+132 5.00 +0.00 0.752
45 4.45+1.34 5.00+1.15 0.341
46 455+1.44 471 £0.76 0.770
47 455+1.44 471 +0.76 0.770
48 448 +1.44 4.88 +0.83 0.469
49 4.50 +1.50 4.73 £0.90 0.655
50 4.50 +1.50 4.73 £0.90 0.655
51 448 +1.36 5.25+0.50 0.278
52 448 +1.36 5.25+0.50 0.278
53 448 +1.36 5.25+0.50 0.278
54 448 +1.36 5.25+0.50 0.278
55 450+ 1.33 5.33+0.58 0.300
56 4.57+1.32 5.00 + 0.00 0.752
57 4.57+1.32 5.00 + 0.00 0.752
58 457+1.32 5.00 +0.00 0.752
59 457+1.32 5.00 +0.00 0.752
160 457+1.32 5.00 +0.00 0.752
|61 457+1.32 5.00 +0.00 0.752
|62 457+1.32 5.00 +0.00 0.752
|65 473 £1.28 3.33+0.58 0.076

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)
«: Independent t-test
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Table (3) Comparison between different sites of exon mutation and PR interval in group (A)
PR interval (msec)
No mutation mutation P-value
Mean = SD Mean * SD
1 153.52 +16.28 142.50 £24.75 0.375
2 153.00 + 16.83 151.25 £ 17.50 0.849
3 154.42 + 15.90 138.33 +18.93 0.114
4 154.42 + 15.90 138.33 +18.93 0.114
5 154.42 + 15.90 138.33 +18.93 0.114
le 154.42 + 15.90 138.33 £ 18.93 0.114
7 153.57 +16.32 130.00 + 0.00 0.167
8 153.33 £ 17.04 145.00 £ 7.07 0.504
9 153.33 £ 17.04 145.00 £ 7.07 0.504
10 153.33 +17.04 145.00 £ 7.07 0.504
11 153.33 +17.04 145.00 £7.07 0.504
12 153.33 +17.04 145.00 £7.07 0.504
13 153.33 +17.04 145.00 £7.07 0.504
14 153.33 +17.04 145.00 £7.07 0.504
15 153.33 +17.04 145.00 £7.07 0.504
16 153.33 +17.04 145.00 £7.07 0.504
17 153.33 £17.04 145.00 £7.07 0.504
18 153.33 +17.04 145.00 £7.07 0.504
19 153.33 +17.04 145.00 +7.07 0.504
20 153.33 +17.04 145.00 +7.07 0.504
21 153.33 +17.04 145.00 +7.07 0.504
41 153.33 +17.04 145.00 +7.07 0.504
43 152.86 + 1691 150.00 = 0.00 0.869
45 152.50 + 16.46 153.57 £18.42 0.885
46 150.68 + 16.06 159.29 £ 17.90 0.239
47 150.68 + 16.06 159.29 £ 17.90 0.239
48 149.29 + 15.02 161.88 £18.11 0.067
49 151.39 + 13.48 155.00 +£21.33 0.579
50 151.39 + 13.48 155.00 +£21.33 0.579
51 151.60 +17.42 160.00 +8.16 0.357
52 151.60 +17.42 160.00 +8.16 0.357
53 151.60 +17.42 160.00 +8.16 0.357
54 151.60 +17.42 160.00 + 8.16 0.357
55 151.54 £ 17.07 163.33 £5.77 0.251
56 152.50 + 16.86 160.00 + 0.00 0.666
57 152.50 + 16.86 160.00 + 0.00 0.666
58 152.50 + 16.86 160.00 + 0.00 0.666
59 152.50 + 16.86 160.00 + 0.00 0.666
160 152.50 + 16.86 160.00 + 0.00 0.666
|61 152.50 + 16.86 160.00 + 0.00 0.666
|62 152.50 + 16.86 160.00 + 0.00 0.666
|65 151.54 +17.07 163.33 +5.77 0.251

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test
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Table (4) Comparison between different sites of exon mutation and QRS duration in group (A)

QRS duration (msec)
No mutation Mutation P-value
Mean = SD Mean * SD
1 90.74 + 6.16 85.00 +0.00 0.206
2 90.60 + 6.34 88.75+4.79 0.584
3 90.58 +6.22 88.33 £5.77 0.557
4 90.58 +6.22 88.33 £5.77 0.557
5 90.58 +6.22 88.33 £5.77 0.557
16 90.58 + 6.22 88.33 £5.77 0.557
7 90.18 +6.16 95.00 = 0.00 0.448
8 90.00 + 6.04 95.00 +7.07 0.272
9 90.00 + 6.04 95.00 = 7.07 0.272
10 90.00 + 6.04 95.00 = 7.07 0.272
11 90.00 + 6.04 95.00 = 7.07 0.272
12 90.00 + 6.04 95.00 = 7.07 0.272
13 90.00 + 6.04 95.00 = 7.07 0.272
14 90.00 + 6.04 95.00 = 7.07 0.272
15 90.00 + 6.04 95.00 = 7.07 0.272
16 90.00 + 6.04 95.00 = 7.07 0.272
17 90.00 + 6.04 95.00 = 7.07 0.272
18 90.00 + 6.04 95.00 = 7.07 0.272
19 90.00 £+ 6.04 95.00 +£7.07 0.272
20 90.00 £+ 6.04 95.00 +£7.07 0.272
21 90.00 £+ 6.04 95.00 +£7.07 0.272
41 90.93 +5.89 82.50 +3.54 0.058
43 90.36 +£6.23 90.00 £ 0.00 0.955
45 88.86 +5.96 95.00 +£4.08 0.018
46 90.23 + 6.07 90.71 £6.73 0.858
47 90.23 + 6.07 90.71 £6.73 0.858
48 90.24 +£6.22 90.63 +£6.23 0.882
49 90.83 + 6.47 89.55 +5.68 0.591
50 90.83 + 6.47 89.55 +5.68 0.591
51 91.00 +£5.95 86.25 +£6.29 0.152
52 91.00 +£5.95 86.25 +6.29 0.152
53 91.00 +£5.95 86.25 +£6.29 0.152
54 91.00 +5.95 86.25 +6.29 0.152
55 91.15+5.88 83.33 £2.89 0.033
56 90.54 + 6.14 85.00 +0.00 0.383
57 90.54 + 6.14 85.00 +0.00 0.383
58 90.54 + 6.14 85.00 £ 0.00 0.383
59 90.54 +6.14 85.00 +0.00 0.383
160 90.54 +6.14 85.00 +0.00 0.383
|61 90.54 +6.14 85.00 +0.00 0.383
|62 90.54 +6.14 85.00 +0.00 0.383
|65 90.58 +5.71 88.33 £ 10.41 0.557

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test
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Table (5) Comparison between different sites of exon mutation and EF by modified Simpson’s

method in group (B)

EF % Modified Simpson's (%)
No mutation Mutation P-value
Mean = SD Mean = SD
1 63.96 +5.32 61.00 = 0.00 0.591
2 63.39 +4.64 69.00 + 11.31 0.150
3 64.09 +5.40 61.00 +=0.00 0.436
4 64.09 +5.40 61.00 = 0.00 0.436
5 64.09 +5.40 61.00 = 0.00 0.436
6 64.09 +5.40 61.00 £0.00 0.436
7 63.96 +5.32 61.00 = 0.00 0.591
3 63.67 +5.28 68.00 = 0.00 0.430
9 63.67 £5.28 68.00 = 0.00 0.430
10 63.67 +5.28 68.00 = 0.00 0.430
11 63.67 £5.28 68.00 = 0.00 0.430
12 63.67 £5.28 68.00 = 0.00 0.430
13 63.67 £5.28 68.00 = 0.00 0.430
14 63.67 £5.28 68.00 = 0.00 0.430
15 63.67 £5.28 68.00 = 0.00 0.430
16 63.67 £5.28 68.00 = 0.00 0.430
17 63.67 £5.28 68.00 = 0.00 0.430
18 63.67 £5.28 68.00 = 0.00 0.430
19 63.67 £5.28 68.00 = 0.00 0.430
20 63.67 £5.28 68.00 = 0.00 0.430
21 63.67 £5.28 68.00 = 0.00 0.430
41 63.96 =541 62.50 = 3.54 0.715
43 63.79 +£5.35 65.00 = 0.00 0.827
45 63.32+4.92 65.50 £ 6.35 0.385
46 63.63 +4.89 64.50 £6.72 0.732
47 63.63 +4.89 64.50 £6.72 0.732
48 63.56 +5.02 64.57 +6.13 0.673
49 63.20+4.84 64.80 £5.92 0.466
50 63.20+4.84 64.80 £5.92 0.466
51 63.25 +5.01 66.20 £ 6.06 0.269
52 63.25 +5.01 66.20 £ 6.06 0.269
53 63.25+5.01 66.20 £ 6.06 0.269
54 63.25+5.01 66.20 £ 6.06 0.269
55 64.13 +5.37 60.50 +0.71 0.358
56 63.96 +£5.32 61.00 +£0.00 0.591
57 63.96 + 5.32 61.00 +£0.00 0.591
58 63.96 +5.32 61.00 +0.00 0.591
59 63.96 + 5.32 61.00 +0.00 0.591
160 63.96 +5.32 61.00 +0.00 0.591
|61 63.96 +5.32 61.00 +0.00 0.591
|62 63.96 +5.32 61.00 +0.00 0.591
|65 64.52 +5.35 60.25 +2.87 0.138

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test
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Table (6) Comparison between different sites of exon mutation and Diastolic function E/E' in group

(B)
Diastolic function E/E'
No mutation Mutation P-value
Mean = SD Mean = SD

1 5.71 +1.00 4.00 +0.00 0.107
2 5.70 +1.02 5.00+1.41 0.374
3 5.74 +1.01 450+0.71 0.106
4 5.74 +1.01 4.50+0.71 0.106
5 5.74 +1.01 450+0.71 0.106
6 5.74 +1.01 450+0.71 0.106
7 5.67+1.05 5.00 + 0.00 0.540
8 5.63 + 1.06 6.00 + 0.00 0.731
9 5.63 +1.06 6.00 + 0.00 0.731
10 5.63 +1.06 6.00 + 0.00 0.731
11 5.63 +1.06 6.00 + 0.00 0.731
12 5.63 +1.06 6.00 + 0.00 0.731
13 5.63 +1.06 6.00 + 0.00 0.731
14 5.63 +1.06 6.00 + 0.00 0.731
15 5.63 +1.06 6.00 = 0.00 0.731
16 5.63 +1.06 6.00 = 0.00 0.731
17 5.63 +1.06 6.00 = 0.00 0.731
18 5.63 +1.06 6.00 + 0.00 0.731
19 5.63 +1.06 6.00 + 0.00 0.731
20 5.63 +1.06 6.00 = 0.00 0.731
21 5.63 +1.06 6.00 + 0.00 0.731
41 5.61 +1.08 6.00 = 0.00 0.619
43 5.71 +1.00 4.00 +0.00 0.107
45 5.58 +1.02 5.83+1.17 0.611
46 5.68 +1.06 5.50+1.05 0.713
47 5.68 +1.06 5.50+1.05 0.713
48 5.72 +£1.07 5.43 +£0.98 0.536
49 5.80+1.01 5.40+1.07 0.355
50 5.80 +1.01 5.40 +1.07 0.355
51 5.65 +0.99 5.60+1.34 0.926
52 5.65 +0.99 5.601.34 0.926
53 5.65 +0.99 5.60+1.34 0.926
54 5.65 +0.99 5.60+1.34 0.926
55 5.61 +1.03 6.00+1.41 0.619
56 5.58 +1.02 7.00 + 0.00 0.186
57 5.58 +1.02 7.00 + 0.00 0.186
58 5.58 +1.02 7.00 + 0.00 0.186
59 5.58 +1.02 7.00 + 0.00 0.186
160 5.58 +1.02 7.00 = 0.00 0.186
|61 5.58 +1.02 7.00 + 0.00 0.186
|62 5.58 +1.02 7.00 + 0.00 0.186
|65 548 +1.03 6.50 +0.58 0.069

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test
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Table (7) Comparison between different sites of exon mutation and PR interval in group (B)

PR interval (msec)
No Yes P-value
Mean = SD Mean = SD
1 155.42 +18.23 140.00 + 0.00 0.416
2 155.22 +18.62 150.00 + 14.14 0.705
3 156.09 + 18.34 140.00 + 0.00 0.236
4 156.09 + 18.34 140.00 + 0.00 0.236
5 156.09 +18.34 140.00 + 0.00 0.236
6 156.09 +18.34 140.00 £ 0.00 0.236
7 155.42 +18.23 140.00 + 0.00 0.416
3 156.04 £ 17.38 125.00 £+ 0.00 0.093
9 156.04 £ 17.38 125.00 + 0.00 0.093
10 156.04 £ 17.38 125.00 + 0.00 0.093
11 156.04 £ 17.38 125.00 + 0.00 0.093
12 156.04 £ 17.38 125.00 + 0.00 0.093
13 156.04 £ 17.38 125.00 + 0.00 0.093
14 156.04 £ 17.38 125.00 + 0.00 0.093
15 156.04 £ 17.38 125.00 + 0.00 0.093
16 156.04 £ 17.38 125.00 + 0.00 0.093
17 156.04 £ 17.38 125.00 + 0.00 0.093
18 156.04 £ 17.38 125.00 + 0.00 0.093
19 156.04 £ 17.38 125.00 + 0.00 0.093
20 156.04 £ 17.38 125.00 + 0.00 0.093
21 156.04 £ 17.38 125.00 + 0.00 0.093
41 155.65 + 18.61 145.00 +7.07 0.437
43 154.58 + 18.47 160.00 + 0.00 0.776
45 153.68 +16.82 158.33 +23.17 0.594
46 151.58 +17.16 165.00 + 18.71 0.115
47 151.58 £ 17.16 165.00 + 18.71 0.115
48 149.44 + 14.84 168.57 + 19.52 0.014
49 151.00 + 15.61 160.50 +20.88 0.205
50 151.00 + 15.61 160.50 +20.88 0.205
51 152.75 £ 18.17 163.00 +17.18 0.267
52 152.75 £ 18.17 163.00 +17.18 0.267
53 152.75 £ 18.17 163.00 +17.18 0.267
54 152.75 £ 18.17 163.00 +17.18 0.267
55 155.00 + 18.15 152.50 £24.75 0.856
56 155.63 +18.02 135.00 + 0.00 0.274
57 155.63 +18.02 135.00 + 0.00 0.274
58 155.63 +18.02 135.000.00 0.274
59 155.63 +18.02 135.00 £ 0.00 0.274
160 155.63 +18.02 135.00 £ 0.00 0.274
|61 155.63 +18.02 135.00 £ 0.00 0.274
|62 155.63 +18.02 135.00 £ 0.00 0.274
|65 154.76 + 19.20 155.00 + 1291 0.981

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test
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Table (8) Comparison between different sites of exon mutation and QRS duration in group (B)

QRS duration (msec)
No mutation Mutation P-value
Mean = SD Mean = SD
1 88.50 + 6.86 100.00 + 0.00 0.114
2 88.00 + 6.55 100.00 + 0.00 0.018
3 88.43 +7.01 95.00 +7.07 0.217
4 88.43 +7.01 95.00 +7.07 0.217
5 88.43 +7.01 95.00 +7.07 0.217
6 88.43 +7.01 95.00 £7.07 0.217
7 88.92 +7.25 90.00 +0.00 0.885
3 89.13 £7.20 85.00 £ 0.00 0.580
9 89.13 +£7.20 85.00 + 0.00 0.580
10 89.13 +£7.20 85.00 + 0.00 0.580
11 89.13 £7.20 85.00 £ 0.00 0.580
12 89.13 £7.20 85.00 £ 0.00 0.580
13 89.13 £7.20 85.00 £ 0.00 0.580
14 89.13 £7.20 85.00 £ 0.00 0.580
15 89.13 £7.20 85.00 £ 0.00 0.580
16 89.13 £7.20 85.00 £ 0.00 0.580
17 89.13 £7.20 85.00 £ 0.00 0.580
18 89.13 £7.20 85.00 £ 0.00 0.580
19 89.13 +£7.20 85.00 £ 0.00 0.580
20 89.13 £7.20 85.00 £ 0.00 0.580
21 89.13 £7.20 85.00 £ 0.00 0.580
41 88.43+7.17 95.00 £ 0.00 0.217
43 88.71 +7.14 95.00 £ 0.00 0.397
45 90.26 +7.35 84.83 +4.49 0.103
46 90.00 +£7.26 85.67 +£5.89 0.198
47 90.00 +£7.26 85.67 +£5.89 0.198
48 90.56 +£7.05 84.86 +5.79 0.070
49 91.33 £6.94 85.40 + 6.00 0.038
50 91.33 +6.94 85.40 + 6.00 0.038
51 89.257.30 87.80 + 6.83 0.692
52 89.25 +7.30 87.80 + 6.83 0.692
53 89.25 +7.30 87.80 + 6.83 0.692
54 89.25 +7.30 87.80 + 6.83 0.692
55 88.43+7.17 95.00 £ 0.00 0.217
56 88.71 +£7.14 95.00 = 0.00 0.397
57 88.71 +£7.14 95.00 = 0.00 0.397
58 88.71 +£7.14 95.00 = 0.00 0.397
59 88.71 +£7.14 95.00 = 0.00 0.397
160 88.71 +£7.14 95.00 = 0.00 0.397
|61 88.71 +£7.14 95.00 = 0.00 0.397
|62 88.71 +£7.14 95.00 = 0.00 0.397
|65 88.05 +7.00 93.75+6.29 0.144

P-value >0.05: Non significant (NS); P-value <0.05: Significant (S)

«: Independent t-test

List of abbreviations
2D: 2-dimensional
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cm: centimeter

CMR: cardiac magnetic resonance

DMD: Duchenne muscular dystrophy

ECG: electrocardiogram

EF: ejection fraction

IVSd: Interventricular septum diameter at the end-diastole
LA: left atrium diameter

LV: left ventricle

LVEDD: LV end-diastolic diameter

LVEDV: LV end-diastolic volume

LVESD: LV end-systolic diameter

LVESYV: LV end-systolic volume

MLPA: multiplex ligation-dependent probe amplification
mm: millimeter

M-mode: motion mode

msec: millisecond

Pwd: posterior wall diameter at the end-diastole

SPSS: Statistical Package for Social Science
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