
At the crossroad of mitochondrial disease and mitochondrial dysfunction

Amel Karaa, MD

Massachusetts General Hospital
Harvard Medical School

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=ODLQL-uNpz-lrM&tbnid=abEZAsoHl_gsTM:&ved=0CAUQjRw&url=http://nmmiweb.mgh.harvard.edu/CAMIS/&ei=__EbUt67MYOJtAbgz4DwDw&bvm=bv.51156542,d.bGE&psig=AFQjCNGB0h1_tfbThjiL6EEdpww8MdXXMQ&ust=1377649497961574


Mitochondrial diseases (Mito) 

“The challenge is the extraordinary clinical spectrum of mitochondrial diseases, 

which all too often leads practitioners to either underdiagnose ("What is this 

complex disorder?") or over diagnose ("This disorder is so complex that is must be 

mitochondrial!"). From the NAMDC mission statement (www.namdc.org)
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1962 Luft disease described
1963 mitochondrial DNA discovered

1988 mitochondrial DNA mutation causing human disease (LHON)

1995 nuclear gene mutation causing human disease (Leigh syndrome flavoprotein)

Large scale clinical trials



The Clinical Criteria Era

Morava et al. Mitochondrial disease criteria: diagnostic applications in children. Neurology. 2006 Nov 28;67(10):1823-6. PMID: 17130416.



S.L. Stenton and H. Prokisch / EBioMedicine 56 (2020) 102784

The Genetic Era 



The Genetic Era 

Schlieben et al. Front Cell Dev Biol. 2020 Nov 26;8:600079. 



The Genetic Era 

Parikh S et al. J Med Genet 2019;56:123–130
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Primary Mitochondrial Disease 

Primary mitochondrial disease = Mitochondrial disease

Secondary Mitochondrial dysfunction = Mitochondrial dysfunction



Primary Mitochondrial Disease 

https://member.myhealthtoolkitla.com



A. Karaa et al. / Molecular Genetics and Metabolism 119 (2016) 100–108

PLOS ONE | https://doi.org/10.1371/journal.pone.0197513

Primary Mitochondrial Disease 



Thompson et al. Orphanet Journal of Rare Diseases (2023) 18:157

Primary Mitochondrial Disease 



Primary or secondary Mito?



Fibromyalgia

Dysautonomia

ME/CFS

EDS/

Joint hypermobility Fatigue

• Mitochondrial cytopathy

• Sick building syndrome

• Candida infection

• Multiple chemical sensitivities

• Dental amalgam disease

• MTHFR

• Heavy metal toxicity

• Mast cell activation disorder

• Chronic pain

• Small fiber polyneuropathy

• …..

Primary or secondary Mito?



Mitochondria: Energy & Metabolism
ATP is an energy molecule → animates life

Primary or secondary Mito?



Essays In Biochemistry May 25, 2012,5223-35

Primary or secondary Mito?



RK Naviaux, Mitochondrion 51 (2020) 40-55.

Primary or secondary Mito?



Armstrong et al. Metabolism in chronic fatigue syndrome. Adv Clin Chem. 2014;66:121–172

Chronic Fatigue syndrome
Ehlers Danlos Hypermobility

https://balanced-bodies.net/

Primary or secondary Mito?



Dysautonomia/POTS

https://vectormine.com/
www.myamericannurse.com

Primary or secondary Mito?



Maes and Twisk BMC Medicine 2010, 8:35

Mediators of Inflammation Volume 2013, Article ID 135698

Primary or secondary Mito?



Vafai and Mootha, Nature 2012

Mitochondrial disorders are one of the most 
complex and heterogeneous group of 
diseases 



Primary or secondary Mito?

Parikh S, and Karaa et al. J Med Genet 2019;0:1–8. doi:10.1136/jmedgenet-2018-105800

Mitochondrial Medicine Society: www.mitosoc.org

Parikh S, Karaa A, et al. J Med Genet. 2019 Mar;56(3):123-130. 



Parikh S, and Karaa et al. J Med Genet 2019;0:1–8. doi:10.1136/jmedgenet-2018-105800

Primary or secondary Mito?

Parikh S, Karaa A, et al. J Med Genet. 2019 Mar;56(3):123-130. 



Primary or secondary Mito?

→ Recognizable syndrome? 

Mitochondrial Disease Syndromes

Leigh syndrome

Alpers Syndrome

Lethal infantile mitochondrial disease

Pearson’s syndrome

Barth syndrome

Kearns-Sayre syndrome

Mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes (MELAS)

Myoclonic epilepsy with ragged-red-fibers (MERRF)

Neuropathy, ataxia and retinitis pigmentosa (NARP)

Mitochondrial neuro-gastro-intestinal encephalomyopathy (MNGIE)

Leber’s hereditary optic neuropathy (LHON)

Chronic Progressive external ophthalmoplegia (CPEO)

Ataxia, neuropathy syndrome (ANS)



Primary or secondary Mito?

→ Recognizable syndrome? Red flags?

 

http://www.mitosoc.org/toolkit

http://www.mitosoc.org/toolkit


Primary or secondary Mito?

• Tissue pathology (RRF, COX, SDH…)
• Functional assays (ETC, skin biopsy, …)
• Biochemical tests (lactate, organic acids…)

Parikh S, and Karaa et al. J Med Genet 2019;0:1–8. doi:10.1136/jmedgenet-2018-105800

Parikh S, Karaa A, et al. J Med Genet. 2019 Mar;56(3):123-130. 



Primary or secondary Mito?

- Non-Mendelian disorders

- Other Mendelian disorders to be identified

- Multifactorial etiologies

Organic causes: 
hormonal imbalances, 

malfunction of immune system

(auto-immune, allergies)

Inflammation

Degeneration 







Thank you, and any questions?

Amel Karaa, MD

Massachusetts General Hospital
Harvard Medical School
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