
REVIEW
www.nature.com/clinicalpractice/cardio

Therapy Insight: cardiovascular complications 
associated with muscular dystrophies
Elizabeth M McNally* and Heather MacLeod

INTRODUCTION
The muscular dystrophies are disorders of 
progressive skeletal muscle degeneration. 
Although often considered to be diseases of child-
hood, adult forms of muscular dystrophy occur 
and represent a spectrum of disease. Muscular 
dystrophies are a genetically heterogeneous 
group of disorders; there are at least 21 different 
monogenic causes of muscular dystrophy, and 
cardiovascular complications are commonly 
associated with some subtypes.1

In normal skeletal muscle, there is a robust 
regenerative response that leads to the forma-
tion of new myofibers, but in individuals with 
muscular dystrophy this regenerative response 
does not meet the demands created by the 
degenerative process. Muscular dystrophy is 
most commonly diagnosed by examining a 
muscle biopsy, although for some forms of 
muscular dystrophy, genetic testing is suffi-
cient. Dystrophic muscle biopsy samples show 
the following features: an abnormally large 
distribution of myofiber size, indicative of an 
enhanced degeneration and regeneration; an 
increased number of myofibers with centrally 
placed nuclei, also thought to reflect increased 
regeneration; and replacement of myofibers by 
adipose and connective tissue. It is the replace-
ment of myofibers by fibrofatty infiltration that 
effectively reduces myofiber mass and produces 
muscle weakness. The muscular dystrophies are 
a subclass of the myopathies, which are broadly 
defined by muscle weakness arising from a 
defect in the muscle itself. The processes that 
underlie muscular dystrophy and myopathy 
often adversely affect cardiac muscle. In this 
context, cardiomyocyte degeneration is a known 
complication of muscular dystrophy and might 
lead to both cardiomyopathy and disturbances 
of the cardiac conduction system.

At present, there is no cure for the skeletal 
muscle degeneration that occurs in muscular 
dystrophies and myopathies. There are, 
however, data to support various medical and 
device-based approaches to management of 

SUMMARY
The muscular dystrophies are commonly associated with cardiovascular 
complications, including cardiomyopathy and cardiac arrhythmias. 
These complications are caused by intrinsic defects in cardiomyocyte and 
cardiac conduction system function, and by the presence of severe skeletal 
muscle disease, which also contributes to cardiac dysfunction. Unlike the 
skeletal muscle degenerative process, for which treatment options are 
currently limited, therapy is available for the cardiovascular complications 
that accompany muscular dystrophy. New therapies for skeletal muscle 
degeneration are moving into clinical trials and, ultimately, into clinical 
practice. These therapies are expected to also improve the cardiac function, 
longevity and wellbeing of muscular dystrophy patients. 

KEYWORDS cardiomyopathy, dystrophin, muscular dystrophy, 
myotonic dystrophy

EM McNally is an Associate Professor in the Departments of Medicine and 
Human Genetics, and H MacLeod is a certified genetic counselor in the 
Department of Medicine, at the University of Chicago, IL, USA. 

Correspondence
*Department of Medicine, Section of Cardiology, University of Chicago, 5841 S Maryland, 
MC6088, Chicago, IL 60637, USA
emcnally@medicine.bsd.uchicago.edu

Received 5 December 2004    Accepted 1 April 2005

www.nature.com/clinicalpractice
doi:10.1038/ncpcardio0213

REVIEW CRITERIA
Published articles for inclusion in this review were identified from the authors’ 
extensive records of papers on skeletal muscle degeneration and regeneration, 
and the cardiovascular complications associated with muscular dystrophies.

JUNE 2005  VOL 2  NO 6         NATURE CLINICAL PRACTICE  CARDIOVASCULAR MEDICINE  301

Nature  Publishing Group© 2005



REVIEW

302  NATURE CLINICAL PRACTICE  CARDIOVASCULAR MEDICINE    MCNALLY AND MACLEOD   JUNE 2005  VOL 2  NO 6

www.nature.com/clinicalpractice/cardio

cardio myopathy, and the cardiomyopathy 
associated with muscular dystrophy should 
not be an exception. Cardiomyopathy in the 
muscular dystrophies most typically takes 
on a dilated form with enlarged dimensions. 
Over time, reduced ventricular systolic func-
tion can develop. Global or regional impair-
ment of ventricular function can occur in the 
presence or absence of symptoms of congestive 
heart failure. Cardiac rhythm disturbances can 
contribute significantly to the morbidity and 
mortality associated with muscular dystrophy, 
and should be paid special attention. In this 
review we describe briefly the mechanisms of 
the major forms of muscular dystrophy with 
cardiac involvement and discuss how to manage 
patients with these disorders. 

GENETIC CAUSES OF MUSCULAR 
DYSTROPHY
There are several subtypes of muscular dystro-
phies, which are categorized based on genetics 
and molecular pathogenesis (Table 1). Here 
we discuss the relevant proteins and protein 
complexes.

The dystrophin–glycoprotein complex
The dystrophin–glycoprotein complex 
plays a particularly important part in the 
muscular dystrophies, because mutations in 
the genes that encode its constituent proteins 
result in a distinct group of progressive degen-
erative muscle disorders that affect both adults 
and children (Figure 1).2,3 Mutations in the 
genes encoding dystrophin or the SARCOGLYCAN 
proteins cause myofibers and cardio myocytes 
to be abnormally susceptible to  contraction-
induced damage.4–6 An exception to this 
general observation is seen in muscle geneti-
cally engineered to lack γ-sarcoglycan, and this 
suggests that non-mechanical aspects of muscle 
membrane stability are adversely affected by 
blockade of this pathway.7 Despite isolated 
muscle studies that are consistent with contrac-
tion-induced muscle damage, it should not be 
concluded that exercise worsens the muscular 
dystrophies. The loss of the dystrophin protein, 
as occurs in most forms of Duchenne muscular 
dystrophy, is associated with destabilization of all 
the dystrophin-associated proteins, including the 
sarcoglycans. Loss of the sarcoglycan proteins 
is not associated with the concomitant loss 
of dystrophin, and yet it results in the same 
process of increased muscle degeneration. This 

suggests that the dissolution of the sarcoglycan 
complex, as a feature common to each of these 
genetically distinct disorders, is critical for the 
dystrophic process. Interestingly, dystrophin 
proteolysis appears to mediate noninherited, 
virally  mediated forms of cardiomyopathy.8

When the sarcoglycan complex is destabi-
lized, as it is in patients with dystrophin–glyco-
protein complex gene mutations, both cardiac 
and skeletal myofibers become abnormally 
permeable to vital tracers.9 Membrane insta-
bility in cardiomyocyte and skeletal myofibers 
is associated with leakage of muscle-specific 
enzymes into the serum. Creatine kinase levels 
are substantially raised in these patients, and 
both the MM and MB isoforms are detected. 
Elevation of the MB isoform often indicates 
cardiomyocyte degeneration. The presence of 
the creatine kinase-MB isoform derives from 
regeneration of skeletal muscle, because regen-
erating muscle expresses variants not normally 
associated with mature skeletal muscle. In 
muscular dystrophies, where there is ongoing 
skeletal and cardiac muscle regeneration, skel-
etal muscle, as the greater contributor to body 
mass, contributes more to elevation of serum 
creatine kinase-MB.10 Similarly, troponin 
T and I isoforms, are unlikely to be reliable 
cardiac-specific markers in severe muscle 
degeneration.11

The degenerative process in skeletal muscle 
is often accompanied by a mononuclear-cell 
infiltrate, and inflammation might contribute 
to both cardiac muscle and skeletal muscle 
degeneration in these disorders.12,13 Abnormal 
vascular reactivity occurs both in humans 
and in mouse models of muscular dystrophy, 
particularly if dystrophin–glycoprotein 
complex gene mutations are present.14,15 
Studies in mouse models of sarcoglycan 
mutations have indicated that this abnormal 
vascular reactivity develops as a consequence 
of cardiomyocyte degeneration in the heart.16 
Restoration of the cardiomyocyte sarcoglycan 
complex in mice deficient for γ-sarcoglycan or 
δ-sarcoglycan corrected vascular spasm, but 
restoration of the vascular smooth sarcoglycan 
complex did not.17

Telethonin, titin and myotilin
Mutations in the genes encoding TELETHONIN 
(also known as T-cap), titin or myotilin 
lead to rare forms of muscular dystrophy.18–20 
Telethonin has an essential role in the passive 

GLOSSARY
DYSTROPHIN–
GLYCOPROTEIN 
COMPLEX
A macromolecular complex 
important for membrane 
stability and interactions 
with the extracellular matrix

SARCOGLYCAN
The sarcoglycan subunits 
α, β, γ and δ are part of the 
dystrophin–glycoprotein 
complex

TELETHONIN
Mutations in telethonin lead 
to muscular dystrophy; 
together with titin, telethonin 
is thought to be important 
for passive stretch in 
cardiomyocytes

TITIN
A giant protein that spans 
the length of the sarcomere 
and is thought to be 
important for elastic recoil 
of muscle

MYOTILIN
A protein found at the Z 
band; mutations in myotilin 
lead to muscular dystrophy
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stretch sensor in cardiomyocytes, and is known 
to form a complex with titin and muscle LIM 
protein that contributes to the elastic recoil 
properties of cardiomyocytes.21,22 This recoil 
might be more essential for cardiac muscle than 
it is for skeletal muscle, because a null mutation 
in the gene encoding the muscle LIM protein 
results in an early-onset, lethal cardio myopathy 
in mice.23 Myotilin also interacts with this 
complex and may similarly be involved in the 
stretch-sensing process. 

Transmembrane and extracellular matrix 
proteins
The congenital muscular dystrophies are 
clinically evident at birth and arise from gene 
defects that affect transmembrane and extra-
cellular matrix proteins, as well as proteins that 
are thought to glycosylate extracellular matrix 
proteins.24 Mutations in the gene encoding 
fukutin related protein lead to congenital 
muscular dystrophy and limb-girdle muscular 
dystrophy. Some mutations in this gene produce 

Table 1 Genetic forms of muscular dystrophy grouped by molecular pathogenesis.

Gene product (gene) Disease Cardiac findings

cardiomyopathy arrhythmia

Dystrophin and associated proteins

Dystrophin (DMD) DMD, BMD Yes Yes

α-sarcoglycan (SGCA) LGMD Yes NA

β-sarcoglycan (SGCB) LGMD Yes Yes

γ-sarcoglycan (SGCG) LGMD Yes Yes

δ-sarcoglycan (SGCD) LGMD Yes Yes

Proteins that affect sarcomere integrity

Telethonin (TCAP) LGMD Yes NA

Titin (TTN) LGMD Yes NA

Myotilin (TTID) LGMD NA NA

Membrane and extracellular proteins and associated putative enzymes

Laminin α2 (LAMA2) CMD Yes NA

Integrin α7 (ITGA7) CMD NA NA

Fukutin (FCMD) CMD Yes NA

Protein O-linked mannose β 1,2-N-acetyl-
glucosaminyltransferase (POMGnT1)

CMD NA NA

Protein-O-mannosyltransferase 1 (POMT1) WWS NA NA

Fukutin related protein (FKRP) CMD, LGMD Yes Yes

Like-acetyl-glycosyltransferase (LARGE) CMD NA NA

Proteins of the nuclear membrane

Lamin A/C (LMNA) LGMD, EDMD Yes Yes

Emerin (EMD) EDMD Yes Yes

Proteins associated with muscle repair or protein turnovera

Dysferlin (DYSF) LGMD No No

Calpain-3 (CAPN3) LGMD No No

Caveolin-3 (CAV3) LGMD No No

Tripartite motif containing protein 32 (TRIM32) LGMD NA NA

aThese genetic defects typically have not been associated with cardiomyopathy. BMD, Becker muscular dystrophy; CMD, congenital 
muscular dystrophy; DMD, Duchenne muscular dystrophy; EDMD, Emery–Dreifuss muscular dystrophy; LGMD, limb-girdle 
muscular dystrophy; NA, not available; WWS, Walker–Warburg syndrome.

GLOSSARY
FUKUTIN RELATED 
PROTEIN
A protein thought to have 
glyosylation functions that 
are important for membrane-
matrix interactions
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