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Abstract

Background—Duchenne muscular dystrophy (DMD) is characterized by progressive skeletal 

muscle and cardiac dysfunction. While skeletal muscle dysfunction precedes cardiomyopathy, the 

relationship between the progressive decline in skeletal and cardiac muscle function is unclear. 

This relationship is especially important given that the myocardial effects of many developing 

DMD therapies are largely unknown.

Objective—Our objective was to assess the relationship between progression of skeletal muscle 

weakness and onset of cardiac dysfunction in DMD.

Methods—A total of 77 DMD subjects treated at a single referral center were included. 

Demographic information, quantitative muscle testing (QMT), subjective muscle strength, cardiac 

function, and current and retrospective medications were collected. A Spearman rank correlation 

was used to evaluate for an association between subjective strength and fractional shortening. The 

effects of total QMT and arm QMT on fractional shortening were examined in generalized least 
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square with and without adjustments for age, ambulatory status, and duration of corticosteroids 

and cardiac specific medications.

Results—We found a significant correlation between maintained subjective skeletal muscle arm 

and leg strength and maintained cardiac function as defined by fractional shortening (rho=0.47, 

p=0.004 and rho=0.48, p=0.003, respectively). We also found a significant association between 

QMT and fractional shortening among non-ambulatory DMD subjects (p=0.03), while this 

association was not significant in ambulatory subjects.

Conclusions—Our findings allow us to conclude that in this population, there exists a 

significant relationship between skeletal muscle and cardiac function in non-ambulatory DMD 

patients. While this does not imply a causal relationship, a possible association between skeletal 

and cardiac muscle function suggests that researchers should carefully monitor cardiac function, 

even when the primary outcome measures are not cardiac in nature.

Keywords

Duchenne muscular dystrophy; Cardiac dysfunction; Cardiomyopathy; Skeletal muscle 
dysfunction; Ambulation

1. INTRODUCTION

Duchene Muscular dystrophy (DMD) is an X-linked disease that occurs in 1 in 4700 male 

births.(1) It results from a mutation in the gene for dystrophin that leads to progressive 

skeletal muscle and cardiac dysfunction.(2) The majority of patients experience loss of 

ambulation between 10–13 years of age and develop cardiac dysfunction later during their 

teenage years.(3, 4) Medical therapies, including corticosteroids and non-invasive 

ventilation, have extended the life expectancy of DMD patients into the fourth decade.(5) As 

a result of this increased lifespan, cardiovascular disease has become the leading cause of 

DMD mortality.(6)

While the pathogenesis of muscle dysfunction in DMD is not completely understood, 

dystrophin is part of the dystrophin glycoprotein complex. Loss of dystrophin leads to 

dysregulation of calcium homeostasis. This results in muscle cell injury and death, 

inflammation, fibrosis, and fibro-fatty replacement.(7) These processes are presumed to be 

similar in skeletal and cardiac muscle. Despite this, skeletal muscle dysfunction precedes left 

ventricular (LV) dysfunction and it is unclear how these relate. Multiple authors have 

postulated that these processes are unrelated.(8) With the development of new DMD 

therapeutic options, many of which increase skeletal muscle strength but have unknown 

myocardial effects, understanding this relationship has become more important.(9)

It has been postulated that improved skeletal muscle strength in DMD leads to an increase in 

myocardial stress and earlier cardiac dysfunction.(10) This model is based on patients with 

Becker muscular dystrophy (BMD) who can present with minimal skeletal weakness and 

severe cardiac dysfunction. While animal models have led to conflicting results, the only 

human data suggest a linear relationship between skeletal and cardiac dysfunction in 

ambulatory boys that refutes the BMD hypothesis.(11) The objective of this study was to 

evaluate skeletal muscle and cardiac function in a cohort of DMD boys and examine the 

Posner et al. Page 2

J Neuromuscul Dis. Author manuscript; available in PMC 2017 March 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



relationship between progression of skeletal muscle weakness and onset of cardiac 

dysfunction in both ambulatory and non-ambulatory boys with DMD.

2. MATERIALS AND METHODS

2.1 Participants

The Vanderbilt Institutional Review Board approved this study. The electronic medical 

record was reviewed in order to identify subjects evaluated with DMD between 1995–2013. 

Inclusion criteria were the following: 1) all identifiable subjects with DMD evaluated at 

Vanderbilt during the study time period, 2) diagnosis of DMD confirmed with clinical 

phenotype and either muscle biopsy or genetic testing. Exclusion criteria were the following: 

1) Unclear neuromuscular diagnosis or diagnosis of other neuromuscular disease, 2) No 

echocardiogram performed or no objective measures of LV function that could be paired 

with measures of skeletal muscle function. A sample of 86 DMD subjects born between 

1977–2009 was identified; 77 subjects were included.

Demographics, current and previous medications, and past medical history were collected 

from the electronic medical record. Medications recorded included corticosteroids, 

angiotensin converting enzyme inhibitors, beta-blockers, and angiotensin receptor blockers.

All previous echocardiograms were reviewed. Cardiac function data was collected, including 

fractional shortening (FS) and left ventricular ejection fraction (LVEF). Chamber sizes 

included the following: the LV internal dimension in systole and diastole, the LV posterior 

wall dimensions in diastole, the interventricular septal thickness in diastole, and the left 

atrial dimension. LV function was defined as abnormal if FS was less than 28% or LVEF 

was less than 55%. FS was used as primary analysis for the purpose of this study as it was 

measured in the majority of studies and has been shown to be both reproducible and to 

correlate reasonably well with LVEF measured by cardiac MRI.(12, 13) RV function was 

not analyzed.

All previous neurology visits were reviewed. Ambulatory status was recorded for each visit. 

Global skeletal muscle assessment data were collected in the form of subjective assessment 

of arm and leg strength, using a scale of 0 (no movement) to 5 (normal strength), including 

values of 4 minus and 4 plus. Skeletal muscle assessment was also assessed in the form of 

quantitative muscle testing (QMT) using a handheld myometer, which is an objective, 

reproducible method for both upper and lower extremity strength evaluation in DMD.(14, 

15) Arm QMT score was calculated by adding flexion and extension values for the right and 

left elbows. Leg QMT score was calculated by adding flexion and extension values for the 

right and left knees. Total QMT score was calculated by adding the total arm score and the 

total leg score.

All neurology visits included skeletal muscle assessment data, either in the form of 

subjective assessment or QMT. Visits rarely included both types of assessment; subjects 

were more likely to have undergone subjective assessments at earlier visits and QMT at later 

visits.

Posner et al. Page 3

J Neuromuscul Dis. Author manuscript; available in PMC 2017 March 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients with DMD in our institution are typically evaluated by pediatric neurology every 6 

months after diagnosis. The initial cardiology evaluation routinely occurs around 6 years of 

age. Patients continue to follow annually with cardiology until 10 years of age or the onset 

of cardiac abnormalities, such as LV dilation, LV dysfunction, or symptoms of heart failure 

or arrhythmias, at which point patients are followed as needed. Patients are routinely started 

on cardiac specific medications either with the onset of abnormalities by echocardiography 

or cardiac MRI or prophylactically at 10 years of age, though the rare patient has either not 

tolerated or refused therapy. The frequency of neurology and cardiac evaluations is in 

accordance with published care guidelines.(16, 17) The cardiology and neurology 

appointments occur on the same day whenever possible. The last cardiac and skeletal muscle 

assessments were used to analyze current function for demographics. FS and subjective 

skeletal muscle assessments that occurred within 6 months of each other were paired and 

included in the analysis. Due to periods without outpatient follow up, poor 

echocardiographic windows, or incomplete records, not all data points could be paired. Data 

that could not be paired were excluded from the analysis.

2.4 Statistical analysis

Descriptive statistics are presented as frequencies and proportion (%) for categorical 

variables, and mean with standard deviation and range for continuous variables. Subjective 

muscle arm and leg strength testing was paired with a FS measure from an echocardiogram 

performed within 6 months of the strength testing. Subjective strength testing and FS were 

performed a median of 9 days apart. The correlation of the most recent of these measures 

was assessed using Spearman rank correlation test.

QMT was paired with a FS measure from an echocardiogram performed within 4 weeks of 

the QMT. QMT and FS were performed a median of 0 days apart. The effects of total QMT 

and arm QMT on FS were examined separately in generalized least square with and without 

adjustments for age, ambulatory status, and duration of corticosteroids and cardiac specific 

medications. To avoid over-fitting, only those risk factors deemed most important were pre-

specified. Assessment of whether a subject’s ambulatory status modified the effects of QMT 

on FS levels were conducted by including the cross product of QMT and ambulatory status 

while controlling for age, ambulatory status, duration of corticosteroids, and duration of 

cardiac specific medications. In order to prevent overfitting of the model, duration of cardiac 

specific medications was defined as the number of years on any of the following 

medications, either alone or in combination: angiotensin converting enzyme inhibitors, 

angiotensin receptor blockers, or beta-blockers. We evaluated the model assumption through 

checking distributions of model residuals. Statistical analysis was performed using R studio 

3.0.2 (online at http://www.rstudio.com/). All tests were 2-sided and a p-value of less than 

0.05 was considered significant. Study data were collected and managed using REDCap 

(Research Electronic Data Capture) electronic data capture tools hosted at Vanderbilt.(18)
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3. RESULTS

3.1 Demographics

At the time of analysis, the average age of the 77 DMD subjects was 14.1 years (range 3–35) 

(Table 1; of note, all tables reflect demographic data at time of analysis unless otherwise 

specified); 6 subjects were deceased at the time of data collection. There were 48 subjects 

(62%) who were non-ambulatory with loss of ambulation occurring at a mean age of 10.6 

± 2.0 years. There were 25 subjects (33%) who had developed LV systolic dysfunction at a 

mean age of 15.4 ± 4.7 years (range 8–27). Of those subjects with LV systolic dysfunction, 

21 of 25 subjects (84%) were non-ambulatory prior to developing dysfunction. Two of these 

subjects had low-normal function on their most recent echocardiograms.

As expected, non-ambulatory subjects were older than ambulatory subjects (17.5 years vs 

8.5 years, p<0.001) (Table 2). A higher percentage of non-ambulatory subjects had LV 

dysfunction (46% vs 10%).

3.2 Medical Therapy

Sixty subjects (78%) were currently treated with or had been treated with corticosteroids, 

with a mean duration of therapy of 2.7 ± 2.6 years (range 0–9 years). Forty-seven subjects 

(61%) were receiving or had been treated with at least one cardiac specific medication 

(angiotensin converting enzyme inhibitors, angiotensin receptor blockers, or beta-blockers). 

Of the 30 subjects who had not received cardiac medications, 18 of them were under 10 

years of age. The most common cardiac specific medications were angiotensin converting 

enzyme inhibitors, with 48% of cohort either currently or previously taking a medication in 

that class (N=37). All subjects with LV dysfunction were initially started on at least one 

cardiac specific medication, 18 with angiotensin converting enzyme inhibitors, 7 with 

angiotensin receptor blockers, 17 with beta-blockers, and 3 with mineralocorticoids. The 

dosing and number of cardiac medications changed with the clinical condition. Given the 

significant number of subjects treated with corticosteroids and cardiac specific medications, 

these medications were adjusted for in the model.

The total duration of corticosteroids was not significantly different between ambulatory and 

non-ambulatory subjects; non-ambulatory subjects had a longer duration of angiotensin 

converting enzyme inhibitor therapy, likely due to their older age (Table 2). Ambulatory 

patients had an earlier onset of LV dysfunction, but this was likely biased by the small 

number of subjects with LV dysfunction in this group and the overall younger age of 

ambulatory subjects. There was no significant difference in total QMT, arm QMT, or leg 

QMT in patients taking or not taking cardiac specific medications, though the study was 

underpowered to detect a difference.

3.3 Skeletal Muscle and Cardiac Function

A total of 264 sets of subjective arm and leg strength measurements were performed in 48 

subjects. The median subjective arm strength was 4 and the median subjective leg strength 

was 4 minus. The median subjective arm and leg strength was 4 in ambulatory subjects; in 

non-ambulatory subjects, the median subjective arm strength was 1 and the median 
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subjective leg strength was 0 (Table 3) (p<0.001 for both). A total of 290 sets of 

measurements of QMT were performed in 46 subjects (Mean number ~6.3 per subject). The 

mean QMT was 102.6 ± 37.3 pounds in ambulatory subjects compared with 54.1 ± 28.1 

pounds in non-ambulatory subjects (p<0.001). Non-ambulatory subjects had significantly 

more QMT assessments than ambulatory subjects (Table 4). Subjects with and without LV 

dysfunction had no significant difference in number of QMT assessments (5.2 ± 3.6 with LV 

dysfunction vs 6.7 ± 3.1 without, p=0.18). Those with LV dysfunction had lower total, arm, 

and leg QMT (81.9 ± 38.8 pounds vs 48.2 ± 31.4 pounds p=0.005, 29.8 ± 15.5 pounds vs 

18.5 ± 11.4 pounds p=0.029, and 34.1 ± 32.2 pounds vs 14.2 ± 20.7 pounds p=0.009, 

respectively). A total of 342 echocardiograms were performed, with a mean number of 

echocardiograms of 4.4 ± 3.4 per subject. The FS correlated moderately with subjective arm 

strength (rho=0.47, r2=0.22) and subjective leg strength (rho=0.48, r2=0.23) (p=0.004 and 

p=0.003, respectively).

The generalized least square model allowed inclusion of repeated measures in assessing the 

relationship between skeletal muscle and cardiac function over time. Total QMT and arm 

QMT were correlated significantly with FS (both p=0.002). After adjustment for age, 

ambulatory status, and duration of corticosteroids and cardiac specific therapy, only total 

QMT remained significant (p=0.01) (Table 5). Further analysis demonstrated that the 

relationship between total QMT and FS is modified by ambulatory status (p for interaction 

term = 0.03, Figure 1). Among non-ambulatory boys, when total QMT increased from 55 

pounds to 79 pounds, there was a 12.8% (95%CI: 5.2% to 21.0%, with p=0.001) relative 

increase in cardiac function (FS), while for ambulatory boys, the relationship between QMT 

and FS was not statistically significant (1.7% (95%CI: −5.4% to 9.2% with p value=0.65)).

4. DISCUSSION

This work is one of a few clinical evaluations investigating the longitudinal relationship 

between disease progression in both the skeletal muscle and cardiac function of boys with 

DMD. We report that the progression of skeletal muscle and cardiac disease in DMD is 

correlated in non-ambulatory boys. This is clinically significant because little is known 

about the effects of emerging DMD therapies on the myocardium. As novel therapies (e.g. 

exon skipping) become available, the indirect cardiac effects of improved skeletal muscle 

function will need to be monitored closely.

Our data suggest that preserved skeletal muscle function correlates with preserved cardiac 

function in non-ambulatory boys. These findings can impact the use of these medications 

and possibly inform future therapeutic trials. Our data also demonstrate a correlation 

between subjective muscle strength and cardiac function. We chose, however, to perform our 

primary analysis using QMT because it is an objective measure that is more reproducible. 

This is the first time, to our knowledge, that a direct correlation between preserved skeletal 

muscle function and cardiac muscle function has been demonstrated in non-ambulatory boys 

with DMD.

This relationship has been evaluated in animal models with mixed results. Townsend 

reported the development of acute dilated cardiomyopathy in mdx mice rescued with a 
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skeletal-muscle specific transgene of mini-dystrophin.(9) Crisp demonstrated the opposite 

effect in both mdx mice and dystrophin/utrophin double knock out mice; their data 

suggested that selective rescue of diaphragmatic and skeletal muscle function with utrophin 

upregulation and exon-skipping led to restoration of RVEF and LVEF to wild type values.

(19) Finally, Wasala examined skeletal muscle specific micro-dystrophin transgenic mice in 

old age and demonstrated no significant effect on myocardial fibrosis or cardiac function 

with skeletal muscle rescue.(20) Although experimental design differences such as murine 

strain, age, and method of rescue likely affected these study discrepancies, the magnitude of 

the difference between these study results highlights the challenge in understanding this key 

issue. Considering the conflicting animal data, human data will likely be necessary to 

ultimately answer this important question.

Given the important effects of corticosteroids and cardiac specific medications, controlling 

for these medications was integral to our current analysis. Corticosteroids improve skeletal 

muscle function and have been shown to delay the development of LV dysfunction and 

decrease mortality.(21–23) In addition, cardiac medications, such as angiotensin converting 

enzyme inhibitors, can delay onset of cardiac dysfunction when used prophylactically.(24) 

Future work should take into account the effects of both corticosteroids and cardiac specific 

medications.

Literature review identified only one study evaluating the relationship between skeletal 

muscle and cardiac myopathy progression in humans. Ergul demonstrated a direct 

correlation between the North Star Ambulatory Assessment (NSAA) and LVEF in a study 

limited to ambulatory DMD patients.(11) In contrast, we studied both ambulatory and non-

ambulatory boys with DMD and demonstrated that ambulation modifies this relationship 

such that skeletal muscle strength is not correlated with cardiac function in DMD boys who 

remain ambulatory. One possible explanation for this discrepancy is that QMT and the 

NSAA are assessing different aspects of skeletal muscle function, the former assessing 

maximum voluntary isometric force and the latter using maneuvers centered on ambulation.

As this is a retrospective study, we are unable to conclude that there is a causal relationship 

between skeletal and cardiac muscle function. Therefore, there are multiple possible 

interpretations for these data. First there is a direct relationship between skeletal and cardiac 

muscle and that skeletal muscle modulates cardiac disease through endocrine signaling 

pathways. In this situation, we postulate that maintained ambulation increases myocardial 

demand, counteracting any potential positive signaling interactions from maintained skeletal 

muscle strength; once the myocardial demand of ambulation is removed, preserved skeletal 

muscle strength has a positive effect on cardiac function. Alternatively, there may be a direct 

relationship between skeletal and cardiac muscle, where improved cardiac function 

maintains skeletal muscle strength due to preserved cardiac output. While this explanation 

cannot be ruled out, it is unclear why this interaction is only present in non-ambulatory boys. 

Finally, the relationship between skeletal and cardiac muscle function may represents 

parallel progression of disease.

Although the precise relationship between skeletal and cardiac muscle function remains 

unclear, these data and those of Ergul et al. suggest that these processes are related. It must 
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be emphasized that this correlation is moderate, both for subjective strength and QMT, and 

that there are patients with discordant skeletal muscle and cardiac function at both ends of 

the spectrum. Skeletal muscle strength cannot serve as a surrogate for cardiac function. As 

new therapeutics are evaluated, the cardiac effects must be monitored closely, even in 

clinical trials where skeletal muscle function is the primary endpoint.

Limitations

This is a retrospective cohort study in a relatively small number of subjects. As such, the 

results may not be completely generalizable. In addition, the significant correlation between 

skeletal muscle strength and cardiac function does not imply a causal relationship. Serial 

measures through a prospective evaluation would be needed to address this question. 

However, these findings do represent a novel relationship not yet described in DMD. We did 

not collect data prior to 1995 because of concerns over adequacy of medical record 

documentation as well as changes in treatment strategies and diagnostic equipment. It is 

possible that changes in treatment strategies and diagnostic equipment over that 18-year 

period will still lead to some bias in our results, but this long time period was utilized to 

improve power in this rare disease. We corrected for changes in treatment strategy by 

including duration of corticosteroids and cardiac-specific medications in our model.

Both QMT and FS have limitations as methods of assessing skeletal and cardiac function, 

but the ease of measurement and frequent use in other studies makes these measurements 

suitable for this study, as well as generalizable. Recent studies have demonstrated that FS is 

reproducible and correlates well with LVEF obtained by cardiac MRI.(12, 13) Future, 

prospective evaluation of this relationship should be performed using cardiac MRI as the 

modality for assessment of LV function.

Conclusions

In conclusion, we examined the relationship between skeletal and cardiac dysfunction in 

ambulatory and non-ambulatory DMD boys. In ambulatory subjects, there was no significant 

association between skeletal muscle strength and cardiac function. In contrast, in non-

ambulatory subjects, higher skeletal muscle strength was significantly associated with 

preserved cardiac function. While the indirect cardiac effects of improved skeletal muscle 

function after therapies such as exon skipping have yet to be determined, emerging data 

suggest that skeletal and cardiac function are related. While further prospective evaluation is 

necessary, researchers must be vigilant in screening for cardiac effects of new therapies, 

even in clinical trials where skeletal muscle function is the primary endpoint.
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Figure 1. Relationship between fractional shortening (FS) and quantitative muscle testing 
(QMT)
Figure 1 demonstrates predicted fractional shortening (FS) from the generalized least square 

model including the interaction between total quantitative muscle testing (QMT) and 

ambulatory status with adjustment for age and duration of corticosteroids and cardiac 

specific medications. To avoid over-fitting, only those risk factors deemed most important 

were pre-specified. This relationship is modified by ambulatory status (p=0.03 for 

interaction) such that greater QMT score was associated with a greater FS among non-

ambulatory subjects while there is no significant relationship in ambulatory subjects.
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Table 1

Baseline characteristics of study patients (at time of analysis)

Characteristics N = 77

Male 77 (100%)

Current age (years) 14.1 ± 6.4 (range 3–35)

Current number of non-ambulatory subjects 48 (62%)

 Mean age of loss of ambulation 10.6 ± 2.0 (range 7–16)

Current subjects with LV dysfunction 25 (33%)

 Mean age of onset of LV dysfunction 15.4 ± 4.7 (range 8–27)

Medications

 Current or previous corticosteroids 78% (N=60)

 Duration corticosteroids (years) 3.4 ± 2.5

 Current or previous ACEi* 48% (N=37)

 Duration ACEi (years) 2.9 ± 2.9

 Current or previous ARB† 12% (N=9)

 Duration ARB (years) 3.9 ± 1.8

 Current or previous beta blocker 30% (N=23)

 Duration beta blocker (years) 3.3 ± 2.0

 Current or previous mineralocorticoid 4% (N=3)

 Duration of mineralocorticoid (years) 2 ± 1.8

Current skeletal muscle strength

 Median subjective arm strength 4

 Median subjective leg strength 4 minus

 Mean QMT‡ (pounds) 73.1 ± 39.6

*
Angiotensin converting enzyme inhibitor (ACEi)

†
Angiotensin receptor blocker (ARB)

‡
Quantitative muscle testing (QMT)
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Table 2

Clinical features of ambulatory and non-ambulatory DMD subjects (at time of analysis)

Characteristics Non-ambulatory
N=48

Ambulatory
N=29

p-value

Current age (years) 17.5 ± 5.5 8.5 ± 3.1 <0.001*

Age at loss of ambulation (years) 10.6 ± 2.0

Current subjects with LV dysfunction 46% (N=22) 10% (N=3) 0.001†

 Age LV dysfunction 16.3 ± 4.2 9.0 ± 1.2 0.001*

Current mean fractional shortening (%) 28.5 ± 8.6 34.0 ± 7.0 0.002*

 Range (4.7%–40%) (11.7%–35%)

Medications

 Current or previous corticosteroids 73% (N=35) 86% (N=25) 0.173†

 Duration corticosteroids (years) 3.6 ± 2.8 3.2 ± 2.1 0.898*

 Current or previous ACEi‡ 58% (N=28) 31% (N=9) 0.020†

 Duration ACEi (years) 3.6 ± 3.0 0.9 ± 0.9 0.001*

 Current or previous ARB§ 19% (N=9) 0 0.013†

 Duration ARB (years) 3.9 ± 1.8

 Current or previous ACEi or ARB 69% (N=33) 31% (N=9) 0.001†

 Duration ACEi + ARB (years) 4.1 ± 2.8 0.9 ± 0.9 <0.001*

 Current or previous Beta blocker 42% (N=20) 10% (N=3) 0.004†

 Duration beta blocker (years) 3.6 ± 1.9 1.3 ± 1.5 0.076*

 Current or previous mineralocorticoid 4% (N=2) 3% (N=1) 0.684‖

 Duration mineralocorticoid (years) 2.8 ± 1.8 0.5

*
Mann-Whitney U test

†
Chi-Square test

‡
Angiotensin converting enzyme inhibitor (ACEi)

§
Angiotensin receptor blocker (ARB)

‖
Fisher’s exact test
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Table 3

Clinical features of DMD subjects with and without left ventricular (LV) dysfunction at most recent 

echocardiogram

Characteristics Normal LV function
N=54

Abnormal LV function
N=23

p-value

Current age (years) 11.5 ± 4.7 20.2 ± 5.9 <0.001*

Current mean fractional shortening (%) 35.1 ± 3.4 19.3 ± 6.5

 Range (28.4%–45.2%) (4.7%–27%)

Current number of non-ambulatory subjects 26 (48.1%) N=3 (13%) 0.004†

Current mean QMT (pounds) 81.9 ± 38.8 48.2 ± 31.4 0.005*

Medications

 Current or previous corticosteroids 83% (N=45) 65% (N=15) 0.079†

 Duration corticosteroids (years) 3.7 ± 2.5 2.6 ± 2.3 0.158*

 Current or previous ACEi‡ 39% (N=21) 70% (N=16) 0.014†

 Duration ACEi (years) 2.1 ± 1.8 4.1 ± 3.6 0.069*

 Current or previous ARB§ 6% (N=3) 26% (N=6) 0.010†

 Duration ARB (years) 3.8 ± 1.9 4.0 ± 2.0 0.794*

 Current or previous ACEi or ARB 41% (N=22) 87% (N=20) <0.001†

 Duration ACEi + ARB (years) 2.5 ± 2.0 4.5 ± 3.3 0.038*

 Current or previous Beta blocker 13% (N=7) 70% (N=16) <0.001†

 Duration beta blocker (years) 3.2 ± 2.6 3.4 ± 1.8 0.737*

 Current or previous mineralocorticoid 0 13% (N=3) 0.006‖

 Duration of mineralocorticoid 0 2 ± 1.5

*
Mann-Whitney U test

†
Chi-Square test

‡
Angiotensin converting enzyme inhibitor (ACEi)

§
Angiotensin receptor blocker (ARB)

‖
Fisher’s exact test
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Table 4

Skeletal muscle strength at most recent measurement broken down by ambulatory status at time of 

measurement

Subjective Strength
Non-ambulatory
(N=21)

Ambulatory
(N=27) p-value

Current median subjective arm strength 1 4 <0.001*

Current median subjective leg strength 0 4 <0.001*

Mean number of QMT assessments 7.4 ± 3.1 4.6 ± 2.8 0.004†

Current mean QMT (pounds) 54.1 ± 28.1 102.6 ± 37.3 <0.001†

Current mean arm QMT (pounds) 20.0 ± 10.8 37.4 ± 15.5 <0.001†

Current mean leg QMT (pounds) 34.1 ± 18.4 65.3 ± 24.5 <0.001†

*
Chi square for a trend

†
Mann-Whitney U test
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Table 5

Multivariable analysis of the effects of total quantitative muscle testing (QMT) on fractional shortening (FS) 

with adjustments for age, ambulatory status, duration of corticosteroids, and duration of cardiac-specific 

medications.

Multivariable
p-value

Total QMT 0.01

Ambulatory status 0.08

Duration of Cardiac-specific medications 0.13

Duration of Corticosteroids 0.37

Age 0.19
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