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Cardiomyopathy: Prevalence, Mutations Causing it and Proportion
Prevalence of Cardiomyopathy in Mitochondrial Disorders
The prevalence of cardiomyopathy in individuals with mitochondrial disorders is estimated at 20–40%. In this, the prevalence of the inherited mitochondrial disease is approximately more than 1 in 5,000 births (Meyers et al., 2013).  Mitochondrial diseases are a group of disorders affecting different body systems diseases due to mutations in nuclear or mitochondrial DNA (Meyers et al, 2013). As such, the cardiovascular system is often affected, which may result in mitochondrial cardiomyopathy. Essentially, mitochondrial cardiomyopathy is a disorder that presents with abnormalities such as abnormal heart-muscle structure, function, or both, due to genetic defects involving the mitochondrial respiratory chain without the presence of coronary artery disease, hypertension, valvular disease, or congenital heart disease (Meyers et al., 2013). Accordingly, cardiomyopathy due to mitochondrial disease presents with hypertrophic and dilated cardiomyopathy, arrhythmias, left ventricular myocardial non-compaction, and heart failure (Meyers et al, 2013).
Mitochondrial cardiomyopathy occurs due to a genetic defect that impairs mitochondrial function in the heart tissue. The heart tissue has a relatively high metabolic activity which requires mitochondria to provide energy in the form of adenosine triphosphate (ATP), generate and regulate reactive oxygen species, buffer cytosolic calcium ions, and regulate cell death (Meyers, 2013). The mitochondria perform this energy production role by a series of oxidation-reduction reactions (Oxidative Phosphorylation) facilitated by Electron Transport Chain (ETC) enzyme complexes numbered Ⅰ to Ⅴ. These ETC enzymes and other mitochondrial proteins are coded for by mitochondrial DNA and some nuclear DNA, and mutations in these can result in mitochondrial disease. Since metabolically active tissues have a greater vulnerability to mtDNA defects, mutations in mtDNA or nuclear DNA can therefore impair mitochondrial function leading to cardiomyopathies (Meyers et al., 2013).
Top Mutations Causing Mitochondrial Cardiomyopathy
Duran et al. (2019) classify some of the top mutations that cause mitochondrial cardiomyopathy in the table below:
	Gene Mutation
	Name of Disease
	Cardiomyopathy
	Physical Manifestations

	SURF1 gene mutation, G13513A 
	Leigh Syndrome
	20% of cases:
Hypertrophic Cardiomyopathy, 
Pericardial effusions, Conduction abnormalities. 

	Encephalopathy with cognitive and behavioral disorders, Seizures, Hypotonia/Ataxia, Respiratory complications

	A8344G gene
	MERRF (Myoclonic Epilepsy with Ragged Red Fibers)
	Dilated Cardiomyopathy, Hypertrophic Cardiomyopathy, Conduction abnormalities: (Supraventricular Tachycardia, Wolff-Parkinson-White syndrome)
	Myoclonus, Lactic acidosis, Cerebellar Ataxia, Muscle weakness, Ragged red fibers


	A3243G
	MIDD (Maternally Inherited Diabetes and Deafness)
	Left Ventricular Hypertrophy (55%), 
Hypertrophic Cardiomyopathy (15–30%), Conduction abnormalities Wolff-Parkinson-White syndrome, Sick Sinus Syndrome
	Diabetes (type I or II)
Bilateral neurosensory hearing loss


	Point mutations at 8993, mutations in MT-ATP6 gene (most commonly T8993G, then T8993C)
	NARP (Neuropathy, Ataxia and Retinitis Pigmentosa)
	Dilated Cardiomyopathy, Hypertrophic Cardiomyopathy, Conduction abnormalities (Wolff-Parkinson-White syndrome)

	Neuropathy, Ataxia,
Retinitis Pigmentosa
Deafness, Myoclonic epilepsy.


	A homozygous point mutation at A232G within the BCS1L gene.
	GRACILE
	Prolonged QT interval, Reduced levels of mitochondrial complex III in myocardial tissues post mortem.

	Growth restriction
Aminoaciduria
Cholestasis
Iron overload
Early death


	G4.5 gene (TAZ gene) on Xq28
	Barth Syndrome
	Fetal cardiac abnormalities, Endocardial fibroelastosis, Left Ventricular noncompaction, 
Conduction abnormalities (prolonged WT, Wolff-Parkinson-White syndrome)

	Skeletal myopathy (In proximal limbs)
Neutropenia
Growth retardation


	G11778A (ND4 gene), G3460A (ND1 gene), and the T14484C (NG6 gene) which all cause dysfunction in complex I
	LHON (Leber’s Hereditary Optic Neuropathy)
	Left Ventricular hyper trabeculation,
Prolonged QT interval, Wolff-Parkinson-White syndrome
	Acute/subacute painless vision loss
Dystonia, Peripheral neuropathy




The proportion of Cardiomyopathy due to mutations in mtDNA versus Nuclear DNA
Mutations in nuclear DNA (nDNA) can cause more cardiomyopathy compared to mitochondrial DNA (mtDNA) mutations. This is because nuclear DNA contains more genes that can be affected by mutations compared to mitochondrial DNA. In mtDNA, the mutations causing cardiomyopathy are only either due to point mutations affecting protein-encoding genes or genes encoding tRNA and rRNA; or gene rearrangements such as deletions and duplications that differ in size and position but typically encompass several genes (El-Hattab, & Scaglia, 2016). Both of them are maternally inherited (El-Hattab, & Scaglia, 2016). On the other hand, mutations in nDNA genes are inherited in an autosomal recessive, autosomal dominant, or X-linked manner (El-Hattab, & Scaglia, 2016). In this, mitochondrial dysfunction can result from mutations in nDNA genes encoding ETC complexes subunits or their assembly factors, mitochondrial import complexes, mitochondrial ribosomal proteins and translational factors, and CoQ10 biosynthesis enzymes  (El-Hattab, & Scaglia, 2016). Furthermore, nDNA has genes that code for proteins that maintain the mtDNA, and mutations in any of these genes result in impaired mtDNA replication which causes impaired synthesis of key subunits of Electron Transport Chain complexes (El-Hattab, & Scaglia, 2016).
Nonetheless, cardiomyopathy is caused by mutations in both mitochondrial and nuclear DNA. More specifically, mitochondrial genes such as MTND1 and MTND5 and nuclear genes including NDUFS2, NDUFV2, and NDUFA2 genes that encode mitochondrial complex I subunits have been implicated in cardiomyopathy (El-Hattab, & Scaglia, 2016). Additionally, nuclear genes that encode complex I assembly factors such as ACAD9 and NDUFAF1 cause cardiomyopathy (El-Hattab, & Scaglia, 2016). However, complex II is entirely encoded by DNA, and its deficiency is associated with hypertrophic, dilated, and non-compaction cardiomyopathies with mutations in complex II subunit genes (SDHA and SDHD) (El-Hattab, & Scaglia, 2016). Moreover, complex III deficiency can cause hypertrophic, dilated, and histiocytoid cardiomyopathies due to mutations in the MTCYB gene encoding cytochrome b (El-Hattab, & Scaglia, 2016). Dilated, hypertrophic, and histocytoid cardiomyopathies have been reported in complex IV deficiencies associated with mutations in complex IV subunit genes (COX6B1, MTCO2, and MTCO3) and complex IV assembly factors genes (SURF1 and SCO2) (El-Hattab, & Scaglia, 2016).
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