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Background-—Duchenne muscular dystrophy (DMD) is frequently complicated by development of a cardiomyopathy. Despite
significant medical advances provided to DMD patients over the past 2 decades, there remains a group of DMD patients who die
prematurely. The current study sought to identify a set of prognostic factors that portend a worse outcome among adult DMD
patients.

Methods and Results-—A retrospective cohort of 43 consecutive patients was followed in the adult UT Southwestern
Neuromuscular Cardiomyopathy Clinic. Clinical data were abstracted from the electronic medical record to generate baseline
characteristics. The population was stratified by survival to time of analysis and compared with characteristics associated with
death. The DMD population was in the early 20s, with median follow-up times over 2 years. All the patients had developed a
cardiomyopathy, with the majority of the patients on angiotensin-converting enzyme inhibitors (86%) and steroids (56%), but few
other guideline-directed heart failure medications. Comparison between the nonsurviving and surviving cohorts found several poor
prognostic factors, including lower body mass index (17.3 [14.8–19.3] versus 25.8 [20.8–29.1] kg/m2, P<0.01), alanine
aminotransferase levels (26 [18–42] versus 53 [37–81] units/L, P=0.001), maximum inspiratory pressures (13 [0–30] versus 33
[25–40] cmH2O, P=0.03), and elevated cardiac biomarkers (N-terminal pro-brain natriuretic peptide: 288 [72–1632] versus 35
[21–135] pg/mL, P=0.03].

Conclusions-—The findings demonstrate a DMD population with a high burden of cardiomyopathy. The nonsurviving cohort was
comparatively underweight, and had worse respiratory profiles and elevated cardiac biomarkers. Collectively, these factors
highlight a high-risk cardiovascular population with a worse prognosis. ( J Am Heart Assoc. 2017;6:e006340. DOI: 10.1161/
JAHA.117.006340.)
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D uchenne muscular dystrophy (DMD) is an X-linked
disorder that affects �1 in 3500 to 5000 males born

in the United States.1 Traditionally, DMD is a condition

primarily affecting children. As recently as 2 decades ago, the
life expectancy for this condition was less than 20 years of
age. However, over the late 1980s and early 1990s, improve-
ments in home ventilator care and spinal surgery pushed the
average age of mortality into the mid to late 20s.2,3 As a result,
the disease course has extended out of the realm of pediatrics
and into the adult healthcare system. This improvement in
early mortality has led to a change in the mode of death.
Whereas before pulmonary complications were the primary
driver of mortality, currently the development of a cardiomy-
opathy is the most prevalent cause of death.

The development of a cardiomyopathy is a well-defined
consequence of DMD. Cardiac abnormalities become notice-
able very early in the course of the disease, and by the time
patients are 18 years old, the majority will have developed a
cardiomyopathy.4 Given the high burden of cardiomyopathy in
this population, focused cardiovascular care is now recom-
mended as part of a multidisciplinary approach to DMD
treatment.5 Currently, DMD patients are treated in a similar
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manner to those patients with traditional nonischemic
cardiomyopathy.6,7 Standard guideline-directed heart failure
medical therapy such as angiotensin-converting enzyme
inhibitors,8–11 angiotensin II receptor blockers,12 b-block-
ers,10,13,14 and mineralocorticoid receptor antagonists15 have
all demonstrated various levels of efficacy at treating DMD-
associated cardiomyopathy. In addition, many of these
patients receive steroid therapy, which has been suggested
to improve both overall survival and delay progression in the
cardiomyopathy.16–18 In recent years, there has been some
very limited data on heart transplantation and durable
mechanical circulatory support in DMD patients with severe
cardiomyopathy, though overall these types of therapies
remain reserved for a minority of patients.19–21 However,
most of these data have been obtained from the pediatric
population and, until recently, care of this cohort of patients
has been under the purview of pediatric cardiologists.
Furthermore, natural history data suggest that the develop-
ment of a cardiomyopathy is not adequately diagnosed and
treated. In 1 study, only 50% of DMD patients over the age of

18 with evidence of cardiomyopathy were on heart failure
medications.22 As this population ages, adult cardiologists,
especially heart failure–trained cardiologists, will need to
become more familiar with these patients and be able to
recognize those at high risk for poor outcomes.

The University of Texas Southwestern Medical Center has a
robust adult Neuromuscular Cardiomyopathy Clinic and has a
National Institutes of Health–funded Wellstone Muscular Dys-
trophy Cooperative Research Center with a particular emphasis
on identifying a therapeutic treatment for DMD. Adult DMD
patients are followed and managed by a single heart failure/
Ventricular Assist Device/transplant-trained cardiologist with
specificexpertise inneuromuscular-associatedcardiomyopathy.
In the current study, the aim was to identify poor prognostic
factors in DMD patients recently referred to this clinic to receive
specialized cardiovascular care. We hypothesized that nonsur-
vivingDMDpatients have asetof prognostic factors that portend
a worse outcome as compared with the surviving DMD patients.
The identificationofpoorprognostic factorswill enable theability
to differentiate DMD patients who are at higher risk of death.

Methods
The current study was undertaken under the auspices of an
approved Institutional Review Board protocol and handled in
accordance with the University of Texas Southwestern
Medical Center’s Institutional Guidelines. Since this study
was a retrospective cohort study, the requirement for
informed patient consent was waived. A retrospective chart
review was undertaken on 43 consecutive DMD patients who
were followed in the UT Southwestern Neuromuscular
Cardiomyopathy Clinic and who had their initial clinic visit
between January 1, 2006 and June 30, 2016. These patients
were identified using administrative diagnostic codes for DMD
supplemented with chart-based verification by a cardiologist
and prior genetic testing from the childhood records. Patients
who had at least 6 months of follow-up in the Clinic were
included in the analysis.

All DMD patients who transition from the pediatric clinics
to the adult clinics within the UT Southwestern Health Care
system are referred to the Adult Neuromuscular Cardiomy-
opathy Clinic. Prior to the transition, the cardiovascular care
of these DMD patients was not standardized. However, once
these DMD patients transited to the Adult Neuromuscular
Cardiomyopathy Clinic, they all underwent a comprehensive
cardiopulmonary assessment utilizing a standard protocol
under the care of an American Board of Internal Medicine
board-certified heart failure/transplant cardiologist.

Demographic, laboratory, echocardiographic, electrocar-
diographic (via a 12-lead ECG and a 24-hour Holter monitor),
medication, and pulmonary function data obtained at the time
of the initial clinic visit were abstracted from the medical

Clinical Perspective

What Is New?

• In 2017, most Duchenne muscular dystrophy (DMD)
patients live into young adulthood, with the majority of
these patients developing a cardiomyopathy.

• The majority of young adult DMD patients are on
angiotensin-converting enzyme inhibitors and steroids, but
few other guideline-directed heart failure medications.

• The current study identified several important factors that
are associated with death, including being underweight, and
having poor respiratory profiles and elevated cardiac
biomarkers.

• These factors highlight a high-risk DMD population with a
worse cardiovascular and overall prognosis.

What Are the Clinical Implications?

• The growing adult DMD population is a continuing challenge
for the adult cardiology community, and studies investigat-
ing this groups’ specific clinical characteristics are vital to
delivering appropriate care to this high-risk population.

• The current study is an initial step toward recognizing the
high-risk subset of patients within the DMD population,
allowing for more intensive and tailored approaches to
therapy.

• Future studies will expand upon the current findings with
prospective, multicenter models to create predictive models
and investigate novel approaches to treating DMD-asso-
ciated cardiomyopathy.

• Ultimately, these future studies will provide better cardio-
vascular care to this emerging and vulnerable population.
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records. Echocardiographic data were collected during the
course of routine medical care. All images were interpreted by
board-certified cardiologists in accordance with guidelines set
by the American Society of Echocardiography.23 The left
ventricular ejection fraction was determined by the biplane
method of discs in the apical 4-chamber views. Wall thickness
and chamber dimensions were measured in the parasternal
long-axis views. Data from comprehensive pulmonary function
testing, which included the maximal inspiratory pressure (MIP)
and maximal expiratory pressure, were also collected during
the course of routine medical care. The pulmonary function
tests were read by board-certified pulmonologists in accor-
dance with guidelines set by the American Thoracic Society.24

Patients were stratified by whether or not they survived to the
time of the analysis. Data were compared between the
nonsurvivor and survivor cohorts to assess for differences
between the 2 groups.

Hospitalizations during the follow-up period were cata-
logued as cardiac, pulmonary, or noncardiopulmonary. Hospi-
talizations were considered cardiac if the primary reason for
hospitalization was decompensated heart failure, arrhythmia,
or chest pain/acute coronary syndrome. Pulmonary hospital-
izations included viral or bacterial pneumonias and acute
respiratory failure. The cause of death in the nonsurvivors was
abstracted from the chart and classified as either cardiac or
pulmonary. Sudden death was considered a cardiac cause,
given that most sudden death in this age group is considered
cardiac in nature.25,26

In order to account for the possibility of age differences
between the nonsurvivors and survivors, an age-matched
subgroup analysis was undertaken. Nonsurviving patients
were age-matched in a 1:2 ratio with surviving patients. Each
unique survivor was included one-time only. One nonsurvivor
patient was removed for inability to age-match because of
very advanced age compared with the rest of the population.
Seven nonsurvivors and 14 survivors were compared across
all parameters.

Statistical Methods
Statistical comparisons for continuous variables were done by
Mann–Whitney U testing. Proportions were compared by the
Fischer exact test. P<0.05 were considered statistically
significant. All analyses were performed using SAS version
9.4 (SAS Institute Inc, Cary, NC).

Results

Baseline Characteristics
Forty-three patients with the diagnosis of DMD were identi-
fied, all of whom were confirmed via genetic testing. Median

follow-up time in the clinic for the whole group was
28 months (interquartile range: 13–52). Median age of the
population on entering the clinic was 21 years old (21–24),
while median age at the time of analysis was 24 years
(21–27). Demographic, comorbidity, and medication data
obtained at the initial clinic visit are presented in Table 1,
while the baseline characteristics are displayed in Table 2.
The majority of the population was white (56% white, 33%
Hispanic, 7% Asian, and 4% black). All the DMD patients had

Table 1. Demographics, Comorbidities, and Medications

Parameters
Total
(n=43)

Nonsurvivors
(n=8)

Survivors
(n=35) P Value

Sex, %

Male 100 100 100

Race, %

White 56 50 57

Hispanic 33 25 34

Asian 7 12 6

Black 4 13 3

Comorbidities, %

Cardiomyopathy 100 100 100 >0.99

Chronic renal disease 0 0 0 N/A

Coronary artery disease 0 0 0 N/A

Diabetes mellitus
(Type 2)

2 0 3 <0.01

Hyperlipidemia 23 13 26 0.66

Hypertension 2 13 0 0.19

Restrictive lung
disease

100 100 100 >0.99

Scoliosis 88 100 86 0.56

Transaminitis 44 0 54 <0.01

Ventilator use 79 88 77 0.66

Ventricular ectopy
(as assessed
by 24-h Holters
and/or AICD
interrogation)

58 63 57 >0.99

Medications, %

ACE-I/ARB 86 88 86 0.69

b-Blocker 37 50 34 0.32

Digoxin 40 38 40 0.61

Diuretic 5 13 3 0.34

Mineralocorticoid
receptor antagonist

7 13 6 0.47

Steroid 56 25 63 0.06

ACE-I indicates angiotensin-converting enzyme inhibitors; AICD, automatic implantable
cardioverter defibrillator; ARB, angiotensin II receptor blockers; N/A, not applicable.
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Table 2. Baseline Characteristics

Parameters

Total (n=43) Nonsurvivors (n=8) Survivors (n=35)

P ValueMedian (IQR) Median (IQR) Median (IQR)

Age at clinic entry, y 21 (21–24) 24 (22–29) 21 (20–22) 0.01

Age at time of analysis 24 (21–27) 26 (24–31) 23 (21–27) 0.03

Mo followed in clinic 28 (13–52) 28 (24–42) 33 (11–55) 0.96

Height, m 1.68 (1.60–1.75) 1.72 (1.67–1.82) 1.68 (1.60–1.72) 0.22

Weight, kg 67.1 (54.1–81.6) 48.3 (42.7–61.0) 69.4 (60.0–81.6) 0.01

BMI, kg/m2 24.0 (19.2–28.3) 17.3 (14.8–19.3) 25.8 (20.8–29.1) <0.01

Heart rate, bpm 96 (82–108) 104 (82–114) 95 (82–107) 0.57

Systolic blood pressure, mm Hg 115 (104–124) 108 (102–116) 116 (105–124) 0.24

Diastolic blood pressure, mm Hg 67 (64–75) 69 (65–79) 67 (64–75) 0.85

Mean arterial blood pressure, mm Hg 83 (78–90) 82 (74–91) 83 (79–90) 0.66

Pulse pressure, mm Hg 45 (37–53) 40 (34–46) 47 (39–54) 0.08

Laboratory parameters

Sodium, mEq/L 139 (136–140) 137 (134–140) 139 (136–140) 0.12

Potassium, mEq/L 4.1 (4.0–4.3) 4.1 (3.9–4.3) 4.1 (4.0–4.3) 0.54

Chloride, mEq/L 100 (98–102) 101 (95–102) 100 (98–102) 0.97

Bicarbonate, mEq/L 26 (23–27) 25 (24–27) 26 (23–27) 0.59

Blood urea nitrogen, mg/dL 10 (8–11) 10 (7–12) 10 (8–11) 0.74

Creatinine, mg/dL 0.13 (0.08–0.20) 0.14 (0.08–0.18) 0.13 (0.08–0.20) 0.79

Albumin, mg/dL 4.5 (4.1–4.8) 4.5 (4.2–4.7) 4.5 (4.1–4.8) 0.85

Total protein, g/dL 7.4 (7.2–8.0) 7.4 (7.1–7.8) 7.5 (7.2–8.0) 0.71

AST, units/L 38 (32–49) 33 (19–46) 39 (34–52) 0.12

ALT, units/L 46 (34–71) 26 (18–42) 53 (37–81) <0.01

Alkaline phosphatase, units/L 66 (53–83) 66 (56–79) 66 (53–89) 0.81

Total bilirubin, mg/dL 0.5 (0.4–0.7) 0.5 (0.4–0.9) 0.5 (0.4–0.7) 0.89

White blood cell count, 9109 cells/L 9.3 (6.9–11.7) 8.7 (6.9–11.1) 9.8 (6.9–11.7) 0.65

Hemoglobin, g/dL 14.4 (13.8–15.1) 14.5 (13.4–15.8) 14.4 (13.8–15.0) 0.73

Hematocrit, % 43 (42–46) 44 (40–47) 43 (42–46) 0.99

Platelets, 9109 cells/L 246 (212–319) 238 (195–251) 250 (212–326) 0.33

Total cholesterol, mg/dL 154 (132–178) 145 (129–164) 157 (132–182) 0.47

LDL, mg/dL 80 (67–107) 72 (66–80) 83 (69–107) 0.42

HDL, mg/dL 50 (38–59) 61 (34–70) 50 (38–58) 0.61

Non-HDL cholesterol, mg/dL 101 (85–129) 86 (75–94) 108 (89–130) 0.25

Triglycerides, mg/dL 95 (60–138) 66 (47–80) 98 (60–144) 0.12

Hemoglobin A1C, % 5.1 (4.9–5.5) 4.9 (4.7–5.1) 5.2 (4.9–5.5) 0.06

Thyroid-stimulating hormone, units/mL 1.7 (1.2–2.5) 2.0 (1.4–2.8) 1.5 (1.0–2.4) 0.28

Free T4, ng/dL 1.5 (1.4–1.6) 1.6 (1.4–1.8) 1.5 (1.4–1.6) 0.21

Uric acid, mg/dL 5.4 (4.8–6.1) 5.0 (3.7–9.0) 5.5 (4.8–6.1) 0.47

CK, units/L 531 (379–784) 523 (215–830) 544 (384–784) 0.71

CK-MB, units/L 17 (11–23) 12 (7–24) 17 (12–21) 0.63

CK-MB index 3.0 (2.4–3.4) 2.9 (2.4–3.4) 3.0 (2.3–3.5) 0.83

NT-proBNP, pg/mL 59 (21–221) 288 (72–1632) 35 (21–135) 0.03

Continued
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developed a cardiomyopathy, with over half of the patients
demonstrating evidence of ventricular ectopy. The vast
majority of the DMD patients had significant scoliosis (88%).
There were low rates of significant comorbidities such as
hypertension (2%), type 2 diabetes mellitus (2%), and hyper-
lipidemia (23%). There was no chronic renal disease in this
population, with a median creatinine of 0.13 mg/dL (0.08–
0.20). The overall population had a normal median body mass
index (BMI: 24.0 kg/m2 [19.2–28.3]) and mean arterial
pressure (83 mm Hg [78–90]). Median heart rate (96 bpm
[82–108]) was close to the upper limit of the accepted normal
range.27,28 Most patients were on angiotensin-converting
enzyme inhibitors or angiotensin II receptor blocker therapy
(86%) on arrival to the clinic, but only about a third of patients
were receiving b-blockers (37%). Oral steroid therapy was
present in just over half of the patients (56%). There was
limited use of mineralocorticoid receptor antagonist and
diuretic therapy (7% and 5%, respectively). The proportion of
patients on guideline-directed medical therapy increased by

the end of the analysis period, especially in regard to b-
blocker and mineralocorticoid receptor antagonist therapy
(Table 3). Nearly half of all the patients had some degree of
elevation in the hepatic enzymes (44%), with a median
aspartate aminotransferase of 38 units/L (32–49) and
median alanine aminotransferase of 46 units/L (34–71).

Table 2. Continued

Parameters

Total (n=43) Nonsurvivors (n=8) Survivors (n=35)

P ValueMedian (IQR) Median (IQR) Median (IQR)

Pulmonary function parameters

FEV1 0.95 (0.63–1.69) 0.38 (0.35–1.69) 0.97 (0.69–1.73) 0.09

FEV1% predicted 22 (16–41) 8 (8–41) 23 (16–41) 0.10

FVC 1.24 (0.70–1.90) 0.40 (0.37–1.90) 1.28 (0.79–1.90) 0.08

FVC% predicted 21 (15–39) 7 (7–42) 24 (16–38) 0.12

FEV1/FVC, % 89 (83–95) 97 (94–99) 88 (83–95) 0.04

Maximum expiratory pressure, cmH2O 26 (15–35) 13 (0–30) 26 (16–37) 0.13

Maximum inspiratory pressure, cmH2O 30 (24–52) 13 (0–30) 33 (25–40) 0.03

Electrocardiographic parameters

PR, ms 126 (119–136) 128 (120–143) 124 (119–136.0) 0.55

QRS, ms 91 (85–100) 93 (81–111) 91 (86–100) >0.99

QT, ms 350 (340–359) 353 (302–365) 350 (342–356) 0.95

QTc, ms 427 (404–443) 439 (420–450) 425 (399–441) 0.25

Echocardiographic parameters

Ejection fraction, % 35 (24–52) 38 (31–43) 30 (23–52) >0.99

IVSD, cm 0.80 (0.66–0.87) 0.78 (0.64–0.88) 0.80 (0.66–0.87) 0.92

LVPWD, cm 0.81 (0.66–0.90) 0.76 (0.62–0.89) 0.81 (0.70–0.90) 0.56

LVESD, cm 3.2 (2.7–4.1) 3.2 (2.8–4.1) 3.2 (2.7–4.1) 0.98

LVEDD, cm 4.5 (3.9–5.3) 4.0 (3.6–4.9) 4.7 (4.1–5.3) 0.34

Left atrial diameter, cm 3.1 (2.6–3.7) 3.2 (3.1–3.5) 3.0 (2.6–3.9) 0.92

Aortic root diameter, cm 2.5 (2.4–2.7) 2.5 (2.4–2.6) 2.5 (2.2–2.8) 0.71

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; bpm, beats per minute; CK, creatinine kinase; FEV1, forced expiratory volume in 1 s; FVC,
forced vital capacity; HDL, high-density lipoprotein; IQR, interquartile range; IVSD, intraventricular septal dimension; LDL, low-density lipoprotein; LVEDD, left ventricular end-diastolic
dimension; LVESD, left ventricular end-systolic dimension; LVPWD, left ventricular posterior wall dimension; MB, muscle-brain isoenzyme; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Table 3. Use of Guideline-Directed Heart Failure Medications

Medication

Total (n=43)
Nonsurvivors
(n=8)

Survivors
(n=35)

Initial End Initial End Initial End

b-Blocker, % 37 74 50 88 34 71

ACE-I or ARB, % 86 98 88 100 86 97

Mineralocorticoid
receptor antagonist, %

7 47 13 38 6 49

ACE-I indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor
blockers.
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Finally, the blood count was normal among the DMD patients
(median white blood cell count: 9.39109 cells/L [6.9–11.7],
median hematocrit: 43% [42–46], and median platelet count:
2469109 cells/L [212–319]).

Every patient included in the analysis underwent compre-
hensive pulmonary function testing, which was consistent
with restrictive lung disease, and the majority were using
home ventilator therapy (79%). The percent forced expiratory
volume in 1 s to forced vital capacity was elevated, consistent
with restrictive lung disease (median 89% [83–95]). In
addition, the maximal expiratory pressure and MIP, which
reflect the strength of the diaphragm, were low (Table 2 and
Figure 1: 26 [15–35] and 30 cmH2O [24–52], respectively).

The ejection fraction, as assessed by echocardiography, was
moderately depressed, with a median ejection fraction in the
group of 35% (24–52). Left ventricular cavity dimensions
showed a median left ventricular end-diastolic diameter of
4.5 cm (3.9–5.3). Only 16% of patients had an automatic

implantable cardioverter-defibrillator in place, with 9% of
patients having combined biventricular pacemaker/automatic
implantable cardioverter-defibrillator devices. While 58% of
patients had some evidence of ventricular ectopy (0.5–1.5% of
the total recorded beats) on either Holter monitoring or
automatic implantable cardioverter-defibrillator interrogation,
no patient had sustained ventricular tachycardia or ventricular
fibrillation. With respect to cardiac biomarkers, the median
N-terminal pro-brain natriuretic peptide (NT-proBNP) for the
evaluated group was in the normal range (median 59 pg/dL
[21–221]). Creatinine kinase levels were elevated (median
531 ng/dL [379–784]). Cardiac troponin values were detected
at low levels in a minority of patients (40%). Electrocardio-
graphic intervals were within normal limits, with a median PR
interval of 126 ms (119–136), median QRS duration of 91 ms
(85–100), and median QTc interval of 427 ms (404–443).

Just under half of the total population was hospitalized or
had an emergency room visit at least once (19/43 or 44%),
with 50 total events during the course of follow-up (1 event
per 2.43 patient years). There were nearly equal proportions
of cardiac (12/50 or 24%) and pulmonary (11/50 or 22%)
hospitalizations or emergency room visits; the remaining
admissions were for noncardiopulmonary complaints, primar-
ily gastrointestinal or musculoskeletal issues.

Nonsurvivors Versus Survivors
Eight of the 43 patients died after establishing care within the
clinic. Five of these patients died suddenly in their sleep, 1
died of heart failure in the hospital, and 2 patients died of
sepsis secondary to pneumonia (Table 4). Upon entry into the
clinic, the nonsurviving cohort was older as compared with
the surviving cohort (median age 24 [22–29] versus 21 [20–
22] years, nonsurvivors versus survivors, P=0.01). Both
cohorts had a similar amount of follow-up time in the clinic
(28 [24–42] versus 33 [11–58] months, nonsurvivors versus
survivors, P=0.96). The median age of death among the
nonsurviving cohort was 26 years old (24–31). Comorbidities
were similar in both subgroups, except the surviving cohort
had a higher proportion of patients with elevated hepatic
enzymes (0% versus 54%, nonsurvivors versus survivors,
P<0.01). Medical therapy before establishing care in the clinic
was similar in both cohorts, with no significant difference in
proportions of patients on angiotensin-converting enzyme
inhibitors/angiotensin II receptor blockers, b-blockers,
digoxin, and mineralocorticoid receptor antagonists, though
steroid use trended towards significance (25% versus 63%,
nonsurvivors versus survivors, P=0.06). Guideline-directed
medical therapy use increased in both groups by the end of
the analysis period (Table 3). There was no difference in the
percentage of any hospitalizations (50% versus 43%, nonsur-
vivors versus survivors, P>0.99); however, there was a trend

Figure 1. Box-and-whisker plot comparisons between nonsur-
vivors (n=8) and survivors (n=35) by (A) body mass index, (B)
maximal inspiratory pressure, and (C) NT-proBNP. NT-proBNP
indicates N-terminal pro-brain natriuretic peptide.
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towards the nonsurvivors being more likely to be hospitalized
for cardiopulmonary reasons (50% versus 17%, nonsurvivors
versus survivors, P=0.07) (Figure 2). Baseline vital signs on
entering the clinic were similar between the 2 cohorts. The
nonsurviving cohort had significantly lower body weights and
BMIs on arrival at the clinic when compared with the surviving
cohort (Table 2 and Figure 1: 48.3 [42.7–61.0] versus 69.4
[60.0–81.6] kg, P=0.01 and 17.33 [14.8–19.3] versus 25.8
[20.8–29.1] kg/m2, P<0.01; nonsurvivors versus survivors,
respectively). In addition, a higher proportion of the patients
within the nonsurviving cohort were underweight (BMI
<18 kg/m2) (75% versus 11%, nonsurvivors versus survivors,
P<0.01).

A larger but not statistically significant proportion of
patients in the nonsurviving cohort had ejection fractions
<50% as compared with the surviving cohort (87% versus 59%,
nonsurvivors versus survivors, P=0.15). The groups had
similar baseline ejection fractions on echocardiography (38%
[31–43] versus 30% [23–52.0], nonsurvivors versus survivors,
P>0.99). However, NT-proBNP values were significantly higher
in the nonsurviving cohort (Table 2 and Figure 1: 288 [72–
1632] versus 34.5 [21–135] pg/mL, nonsurvivors versus
survivors, P=0.03). The creatinine kinase levels were similar in
the nonsurviving and surviving groups (median 523 units/L
[215–830] versus 544 units/L [384–784], nonsurvivors ver-
sus survivors, P=0.71). A higher proportion of patients had

Table 4. Cause of Death

Patient

NT-proBNP
(pg/mL) Within
3 Mo of Death

Cardiopulmonary
Hospitalization
Within 3 Mo
of Death?

Presence of
a BiV/AICD
or AICD Cause of Death

Cardiac or
Pulmonary

1 2632 No Yes Sudden death Cardiac

2 34 313 Yes Yes Heart failure Cardiac

3 109 Yes No Pneumonia Pulmonary

4 85 No No Sudden death Cardiac

5 423 No No Sudden death Cardiac

6 23 976 Yes No Pneumonia Pulmonary

7 633 No No Sudden death Cardiac

8 None recorded No No Sudden death Cardiac

AICD indicates automatic implantable cardioverter defibrillator; BiV/AICD, combined biventricular pacemaker with an automatic implantable cardioverter defibrillator; NT-proBNP,
N-terminal pro-brain natriuretic peptide.

Figure 2. Percentage of the total cohort (n=43), survivors (n=35), and nonsurvivors (n=8) hospitalized for
any reason, cardiopulmonary causes, or noncardiopulmonary causes.
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elevated troponins (either troponin T or I) in the nonsurviving
group, though this analysis did not achieve statistical
significance (57% versus 37%, nonsurvivors versus survivors,
P=0.41). Blood count values including white blood cell count,
hemoglobin, hematocrit, and platelet counts were similar
between the 2 subgroups. Most of the comprehensive
metabolic panel values were similar in both subgroups
(Table 2). The alanine aminotransferase levels were signifi-
cantly lower in the nonsurviving cohort as compared with the
surviving cohort (26 units/L [18–42] versus 53 units/L [37–
81], nonsurvivors versus survivors, P<0.01), with a trend
towards lower aspartate aminotransferase values (33 units/L
[19–46] versus 39 units/L [34–52], nonsurvivors versus
survivors, P=0.12). Though all the patients had restrictive
lung disease as defined by the American Thoracic Society
criteria, the degree of respiratory muscle weakness seen in
the nonsurviving cohort was significantly worse, with lower

MIP (13 [0–30] versus 33.0 [25–40] cmH2O, nonsurvivors
versus survivors, P=0.03) and a trend towards worse maximal
expiratory pressure as compared with the surviving cohort (13
[0–30] versus 26 [16–37] cmH2O, nonsurvivors versus
survivors, P=0.13).

Finally, in order to account for the difference in age
between the nonsurvivor and survivor cohorts at the time of
entry into the clinic, a univariate subgroup analysis was
undertaken (Table 5). In this analysis, the BMI remained
significantly lower in the nonsurvivors patients compared with
the surviving patients (17.2 [13.5–18.2] versus 23.5 [19.5–
29.1] kg/m2, nonsurvivors versus survivors, P=0.01). The
nonsurvivors had lower systolic blood pressures (107 [101–
110] versus 117 [110–127] mm Hg, nonsurvivors versus
survivors, P=0.03), while the NT-proBNP remained signifi-
cantly higher in the nonsurviving group (665 [72–1632]
versus 46 [19–79] pg/mL, nonsurvivors versus survivor,

Table 5. Baseline Characteristics for Age-Matched Subgroup Analysis

Nonsurvivors (n=7) Survivors (n=14)

P ValueMedian (IQR) Median (IQR)

Age at clinic entry, y 23 (22–26) 23 (22–25) >0.99

Age at time of analysis 25 (24–28) 27 (25–30) 0.28

Mo followed in clinic 27 (22–34) 54 (39–70) 0.01

Height, m 1.68 (1.65–1.80) 1.70 (1.65–1.75) 0.82

Weight, kg 47.6 (39.9–60.8) 68.3 (60.0–81.6) 0.02

BMI, kg/m2 17.2 (13.5–18.2) 23.5 (19.5–29.1) 0.01

Heart rate, bpm 106 (76–117) 83 (74–85) 0.08

Systolic blood pressure, mm Hg 107 (101–110) 117 (110–127) 0.03

Diastolic blood pressure, mm Hg 65 (64–79) 72 (65–80) 0.39

Mean arterial blood pressure, mm Hg 79 (71–89) 87 (82–93) 0.14

AST, units/L 34 (21–50) 37 (32–42) 0.61

ALT, units/L 30 (19–47) 43 (36–58) 0.06

Hemoglobin, g/dL 14.0 (12.8–15.8) 14.4 (13.9–15.0) 0.87

Hematocrit, % 42 (39–47) 43 (42–45) 0.81

Platelets, 9109 cells/lL 234 (156–255) 263 (188–319) 0.45

CK, units/L 537 (255–882) 447 (307–464) 0.26

CK-MB, units/L 17 (7–24) 13 (11–14) 0.51

NT-proBNP, pg/mL 665 (72–1632) 46 (19–79) 0.04

FEV1% predicted 8 (8–41) 17 (12–53) 0.19

FVC% predicted 7 (7–42) 17 (14–50) 0.09

FEV1/FVC, % 97 (94–99) 83 (67–89) 0.03

Maximum expiratory pressure, cmH2O 13 (0–30) 18 (10–45) 0.38

Maximum inspiratory pressure, cmH2O 13 (0–30) 33 (25–35) 0.10

Ejection fraction, % 35 (28–45) 47 (27–52) 0.62

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; bpm, beats per minute; CK, creatinine kinase; FEV1, forced expiratory volume in 1 s; FVC,
forced vital capacity; IQR, interquartile range; MB, muscle-brain isoenzyme; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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P=0.04). The MIP was no longer significantly lower in the
nonsurviving group when they were age matched to survivors
(13 [0–30] versus 33 [25–35] cmH2O, nonsurvivors versus
survivors, P=0.10).

Discussion
As the DMD population survives longer because of improve-
ments in respiratory and spinal care, adult cardiologists,
specifically heart failure cardiologists, will be providing care to
an increasing number of these patients. As such, it is
important to begin to define the phenotype of adult DMD
patients and what factors should receive particular attention
when evaluating a DMD patient in the clinic. To the best of our
knowledge, the current study is the first to specifically
describe the clinical characteristics of adult DMD patients
(age >18 years) and describe factors that may be associated
with higher risk of death within adult DMD patients.

Baseline Characteristics of Adult DMD Patients
The baseline characteristics provide a framework of the types
of patients that an adult cardiologist who delivers care to this
vulnerable population can expect to encounter. A standard
clinic population will comprise patients mostly in their early
20s with a high degree of pulmonary disease and ventilator
use, ideally managed in a multidisciplinary clinic in collabo-
ration with a pulmonologist specializing in the care of patients
with neuromuscular disorders. The described clinic population
had medication regimens that vary, with lower penetrance of
initial b-blocker use as compared with other, more traditional
nonischemic cardiomyopathy populations. There was rela-
tively little use of diuretics in this population. Steroid therapy
was commonly used, the benefit of which has been demon-
strated in previous trials,16–18 making it important for a
cardiologist managing DMD patients to be familiar with the
dosing regimens prescribed for this indication.29 In keeping
with the majority of cardiomyopathy clinics around the
country, the practice of this particular clinic was to aggres-
sively initiate and uptitrate guideline-directed medical therapy
for heart failure. Achieving target dosages of these medica-
tions was less successful, though in general this is a common
occurrence in the management of heart failure patients.30

Cardiac function should be closely monitored and the data
suggest that one should expect high rates of cardiac
dysfunction. However, the degree of cardiac dysfunction
may be subtle. In our study, cardiac function was measured by
echocardiography; however, cardiac magnetic resonance
imaging has proven to be a more sensitive method for
assessing cardiac dysfunction in this patient population.31

Obtaining a cardiac magnetic resonance imaging scan will

provide a better assessment of the degree of cardiomyopathy
and may provide better guidance regarding therapy. Our
findings did not show dilated left ventricles for the group as a
whole. This is an interesting finding and it may be because of
the fact that the mode of pathological cardiac remodeling in
DMD patients is distinct from patients with traditional
nonischemic cardiomyopathy. Automatic implantable car-
dioverter-defibrillators in the group were implanted as primary
prevention of sudden death in patients with depressed
ejection fractions <35% for >3 months on optimal medical
therapy. This approach is standard practice in heart failure
management, and in our practice we consider implantation of
automatic implantable cardioverter defibrillators for primary
prevention after the patient has been on maximally tolerated
guideline-directed medical therapy for at least 3 months.32

Finally, laboratory data will reveal several important
findings. As a whole, the clinic population had elevated total
creatinine kinase levels and relatively high rates of transamini-
tis, which is consistent with prior data noting elevated hepatic
enzymes in the DMD population.33,34 Given the lack of
significant liver dysfunction seen in prior DMD studies despite
elevated hepatic enzymes, 1 possible explanation is that the
elevated transaminases are markers of active muscle break-
down, in a similar fashion to the observed elevated total
creatinine kinase levels.34

Differences Between Nonsurvivors and Survivors
The results identify several potential adverse prognostic
indicators in the adult DMD population. First, though rates of
ventilator use were similar between the nonsurviving and
surviving groups, the nonsurviving group had significantly
worse diaphragmatic muscle strength, evident by the lower
MIP. This finding was not surprising, given that respiratory
muscle dysfunction is a known consequence of DMD.35

Second, there was a significant difference in the
NT-proBNP concentration between the nonsurviving and
surviving cohorts. NT-proBNP is a well-known marker of
cardiac dysfunction and portends a worse prognosis.36 In this
clinic population, the nonsurvivors had a significantly higher
NT-proBNP at baseline than did those who survived. Prior
work has shown that a common mode of death among the
pediatric DMD population is cardiac death,1,6 and the current
data further complement these studies. In our study, there
was a trend towards a higher proportion of the nonsurvivors
having at least 1 cardiopulmonary hospitalization. In addition,
most of the nonsurvivors had elevated NT-proBNPs recorded
within 3 months before their death and 6 of the 8 patients
died of presumed cardiac causes. In spite of 88% of the
nonsurviving DMD patients being on b-blockers at the time of
death, 5 of the 8 deaths occurred during their sleep,
presumably because of sudden cardiac death.
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Third and perhaps most strikingly, the nonsurviving cohort
had significantly lower weights and BMIs. These findings were
not driven by a few outliers, as the nonsurviving cohort had a
significantly higher proportion of patients who were under-
weight on arrival to the clinic. These observations have not
been previously reported in the literature to the best of our
knowledge. In other disease states, including patients with
advanced end-stage cardiomyopathy, being underweight and
having low muscle mass are considered to be poor prognostic
indicators.37–40 In these cases, low body weights with
decreased BMIs were thought to be markers for frailty and
end-stage disease. The current study is the first to show such
an association in DMD patients. In the DMD population, this
may be a sign of more extensive muscle wasting and
advanced heart failure. Our nonsurviving cohort had signifi-
cantly lower alanine aminotransferase values. Interestingly, all
the cases of elevated hepatic enzymes were found within the
surviving DMD population. As mentioned above, the hepatic
enzymes are often elevated in the DMD population, which is
thought to be related to muscle breakdown. The lack of
elevated hepatic enzymes in the nonsurviving cohort could
indicate end-stage disease, given that the muscle wasting
process had run its course with less wasting, though this
observation remains speculative.

Finally, given there was a significant difference in age on
arrival to the clinic between the nonsurvivors and survivors, a
subgroup analysis was undertaken to examine age-matched
subgroups to determine whether the differences noted above
still held when age of entry into the clinic was taken into
account. The age-matched subgroup analysis revealed that
the nonsurvivors had lower systolic blood pressure, while the
differences in BMI and NT-proBNP remained statistically
significant. On the other hand, MIP and alanine aminotrans-
ferase were no longer significantly higher in the survivor
cohort.

Our findings suggest that there is a subset of patients who
are at higher risk for poor outcomes, which may be marked by
low BMI, worse cardiac status, and poor respiratory function.
The lower BMI could be a manifestation of the overall disease
state, with lower BMIs indicating more advanced stage
disease. We believe this argues for earlier initiation of
guideline-directed heart failure therapy beyond angiotensin-
converting enzyme inhibitors, including starting b-blockers
and mineralocorticoid antagonists and implantation of auto-
matic implantable cardioverter defibrillators. A more aggres-
sive and early use of standard guideline-directed heart failure
therapy may prevent decline of cardiac function, help slow
progression to end-stage disease, and ultimately decrease the
risk of sudden death in this patient population. In addition, an
evaluation of a DMD patient with high-risk features on initial
presentation should involve a transparent and open discus-
sion with the patient and his family regarding the goals of care

to ensure a clear understanding of overall prognosis. Collec-
tively, this approach calls upon close coordinated efforts
between the pediatric and adult care teams in order to fully
optimize clinical outcomes among DMD patients.

The current study has several strengths. First, the clinic is
managed by a single heart failure/VAD/transplant trained
cardiologist with special expertise in managing patients
affected by a variety of neuromuscular diseases, which adds
a level of standardization to the care of the patients studied.
Second, the clinic serves as a continuum of care from the
Pediatric MDA Clinic within the Children’s Medical Center of
Dallas, a well-regarded Center for the management of
neuromuscular disorders of childhood. However, this study
should be interpreted in light of several limitations. First, this
is a single-center experience. While the clinic cohort is
relatively large for a DMD-specific population, the practice
patterns may be somewhat different compared with other
centers, which may limit the generalizability of the findings.
There were several findings that trend in the direction of being
significant, such as the proportion of deceased patients with
elevated troponins, narrower pulse pressures in the nonsur-
viving cohort, and higher aspartate aminotransferase values in
the surviving cohort. Overall, the small sample size may have
increased the chance of a type II error, leading to false
negative results. While we believe that associations found
have biological and clinical validity, multiple testing leading to
false positive results is a possible limitation. In addition, the
total number of deaths is too small to allow for advanced
multivariable modeling with Cox regression to obtain propor-
tional hazards. Another limitation remains the possibility of
survivor bias. Although we per se cannot account for this bias
in the current study, in 2017 the number of DMD patients who
die of advanced DMD-associated cardiomyopathy in their
teenage years is believed to be low. Finally, given that this is a
retrospective cross-sectional study, the results are not meant
to imply causal associations, and should be interpreted as
exploratory analyses.

The growing adult DMD population is a continuing
challenge for the adult cardiology community, and studies
investigating this groups’ specific clinical characteristics are
vital to delivering appropriate care to this high-risk population.
The current study identified several important factors that are
associated with death and is an initial step toward recognizing
the high-risk subset of patients within this population,
allowing for more intensive and tailored approaches to
therapy. Collectively, the data also raise the question of
whether implantation of automatic implantable cardioverter
defibrillators in DMD patients should be pursued concomi-
tantly while guideline-directed medical therapy is being
pursued. Future studies will expand upon the current findings
with prospective, multicenter models to create predictive
models and investigate novel approaches to treating DMD-
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associated cardiomyopathy. Ultimately these future studies
will provide better cardiovascular care to this emerging and
vulnerable population with a high burden of developing a
cardiomyopathy.
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