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Mitochondrial diseases 

 Heterogeneous group 

 Can  present at any age

 Any symptoms 

 Any type of inheritance.  

 Pathogenic variants in mitochondrial DNA (mtDNA) or 
nuclear genes (nDNA). 

 Multisystemic involvement 

 Neurological involvement -important comorbidity .



Pathophysiology

 Genetic dysfunction of the oxidation-phosphorylation 
(OXPHOS) pathway that is the major energy source for 
the cell. 

 Mitochondrial disorders usually manifest in tissues with 
high energy requirements and can present in an often 
multisystemic and progressive manner.



Diet in MDs

 Lack of clarity on optimal diet in mitochondrial disease. 

 One size fits all approach 

 Empiric “ supplement” cocktails 

 Optimize functions within the mitochondrial cell  at 
various  levels of metabolism 

 Micronutrients –cofactors & anti-oxidants 



Why the need for a good diet?

 Balanced diet

 Children- Growth and development

 Well being (e.g Iron def)

 Cognitive development

 Optimising potential for cognitive and physical 
development 

 Improving exercise tolerance

 Participation in  therapies



Assessment of Nutrition

 Anthropometric measure 
o weight z score, 
o height z score, 
o weight for height z score, 
o middle upper arm circumferences, 
o four skinfolds (biceps, triceps, subscapular, and suprailiac

skinfolds)

 Collection of base line resting metabolic rate (RMR) and 
respiratory quotient (RQ) .

 Indirect calorimetry is the gold standard  for the 
measurement of respiratory at rest and during exercise.  



Diet in MD 

 An adjunct therapeutic role in mitochondrial disease. 

 No clear consensus on the type of dietary modification. 

 Nutrition plays an important role in chronic illness 
particularly in the pediatric population.

 Various dietary modifications have being trailed -
including ketogenic diet and a modified  Atkins  diet .



Macronutrients

Glucose/lipids/Amino acids

ATP,
Ac CoA,
NADH,

ROS  Mito damage, cellular signalling 

Higher CoQ10

Ox damage 

Superoxide 
H peroxide



Protein

 Provide amino acids for antioxidant enzymes

 Alteration in mtDNA methylation

 Reduce OXPHOS capacity



Micronutrients 

 Copper-OXPHOS,cytochrome C oxidase

 Zinc-CHO and protein metabolism,nucleic acid 
synthesis,cofactor for antioxidant enzymes ,prevents 
DNA breakdown 

 Manganese-OXPHOS

 Selenium-cofactor,mito biogenesis 

 Vitamin E,C,A- protect damage from ROS 

 Folic acid- 1-C metabolism,DNA synthesis and repair 

 B group Vitamins-OXPHOS,biogenesis

 CoQ10-preserves mito inner membrane ,ROS scavenger, 
ETC from C I and II to C III



Specific supplements 

 Increasing free CoQ pool ( carnitine, pantothenate),

 Enzyme co-factors (B1 and B2),

 Rate limiting substrate through metabolite therapies 
(arginine, folinic acid, creatinine),

 Enzyme activators  (dichloroacetate) 

 Preventing  accumulation of reactive oxidant species 
(ROS) by providing antioxidants (vit C or E, lipoic acid , 
co enzyme q)



Current Strategies 

1. Amino Acid therapies: Arginine / Citrulline

2. Nitric Oxide donors target microvascular endothelial 
ischemia that occurs in metabolic stroke

3. Ketogenic Diet is controversial 
 Increase ketones & succinate, starvation response mito

biogenesis and glutathione

 KD slowed mito myopathy but  exacerbated disease in MTRF2 
and MPV 17 mice 

 KD is often not tolerated 

 Baseline hypertriglyceridemia

 Decreased FAO & PPAR activity

 Long term health risks may preclude KD use 



MAD diet 
• Modified Atkins Diet is not tolerated in mt DNA  Deletion Myopathy

Patients

• Human myopathy trial

 5 adults with mtDNA deletions ( 2 single 3 multiple) 10 matched 
healthy controls

 Switched from normal diet to planned 4 weeks on mAD

 ND: 41-48% carb, 14-20% protein, 27-38% fat

 MAD 3-9% carb

 mAD diet and tolerability and effects:

 Healthy control no problems completing the trial

 mtDNA deletion myopathy subjects: all 5 stopped diet after 
4-11 days due to severe pain, muscle pain, burning 
progressive from legs, back , arms, neck headaches and 
increased tiredness.

 Increased muscle fibre necrosis, increased CK, increased 
lactate with exercise and muscle fibres highly glycolytic.



Does frequency and glycaemic
index and dietary load of 
carbohydrate provision play a 
therapeutic role in Mito Disease? 
Supporting Evidence:

 Glycolytic rate is increased in primary mitochondrial disease 

 Dextrose containing IV fluids often used to prevent catabolism in metabolic crisis

 Anecdotal patient reports of carb craving ( included with in minutes of waking) with 
improved cognition and feeling of wellness after eating

 Low GI diet may improve health outcomes

CONCERNS:

 Glucose infusion may precipitate metabolic crisis by altered NADH/NAD balance

 Drosphilai model of mito translation defect had reduced growth in high glucose

 Glucose dysregulation is common in mitochondrial diseases

 Hypoglycaemia in kids ?



Why is it important to be fit ?

 National Disability Insurance Scheme.

 Physiotherapy , occupational therapy and speech 
therapy.  

 Fatigue is a limiting factor. 

 Need to be able to participate in therapies in an 
effective way





Exercise

 Plasticity of mitochondria-volume ,structure and 
capacity

 Exercise –most potent behavioural therapeutic approach 
–muscle and other tissues

 Induces mitochondrial remodelling

 Improves subsarcolemmal (SS) layer and 
intermyofibrillar (IMF) interconnectivity.

 Increases synthesis (biogenesis) and fusion 

 Improved capacity for ATP synthesis 





Exercise

Robust increase in mitochondrial content, 

Improved oxidative phosphorylation

Respiratory capacity per mitochondrion

Reduces the production of ROS

Enhanced capacity for electron flow through the ETC





Case 1

5 ½ years old girl (now 10 years old) 

 Global developmental delay

 Failure to thrive 1200 cal/day 

 Cerebral  palsy;Bilateral mild hearing loss 

 Gastrostomy feeds

 Mild vision impairment and squint.  

 Episodes of encephalopathy with feeds. No issues off the 
fatty feeds.  



 Weight was 13.7kg( <  3rd centile).  

 Height was 103.5cm (on the 3rd centile) 

 Head circumference was 47cm( less than the 3rd 
centile).  

 Dysfluent speech

 Exotropia 



Muscle biopsy 

 sub sarcolemmal aggregates   of mitochondria and cox 
negative fibres



Mitochondrial cocktail :

 Coenzyme Q 10 , 

 Thiamine , 

 Riboflavin ,

 Vitamin C ,

 Vitamin E

 2months 
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playing this video






Case 2

16 year old boy; fever and petechia

Found to have deranged LFTs, coagulopathy and pancytopaenia



Background

1. Autism - 4 years 

2. Pancytopaenia 2015

3. Previous history of complex partial seizures (off AEDs 4 
years)



MND- 39(+)VHL 
Pheochromoc

ytoma
Hypothyroidis

m

(+) VHL 
Adrenal 
Tumour

(-
)VHL (-

)VHL 

(+) VHL 

(+) VHL 
Aneurysm AMI-41

IDDM

Sensorineural hearing loss

No significant 
reactions to GA



Examination

 Difficult

 Small for age with both height and weight <3rd

centile;pre-pubertal

 Skin: puffy, hypertelorism, pale face with periorbital 
swelling

 Multiple bruises and petechia, spider naevi

 Dental crowding, gingival hypertrophy

 Mild retinitis pigmentosa



Investigations

 Pancytopaenia 

 Coagulopathy 

 Low albumin

 USS: Abnormally echogenic liver with portal 
hypertension

 Vitamin A <0.3 (0.9-2.5umol/L)



increased 
numbers 
of lipid 
vacuoles



prominent 
mitochondrial 
pleomorphism
(small and large 
mitochondria) 
and a few lipid 
vacuoles near 
the 
mitochondria



Respiratory Chain Enzyme



Progress

 Commenced on cocktail-riboflavin, biotin, thiamine, 
creatine, CoQ10, vitamin C

 Improvement in symptoms 

 Pubertal onset only after correcting nutrition 



Case 3

 5 year old 

 Persistent neonatal lactic acidosis

 AARS2 gene mutation

 Growth Failure

 Significant exercise intolerance

 Fatigability

 EXTENSIVE DEITETICS INVOLVEMENT 

 Rest periods at school



What each child should have?

 Disease specific dietetic care pathways.

 An individual sick day management plan 

 Targeted education resources for patients and families.

 Graded Exercise plan by physio 



Take Home message

 Have a Sick day plan ready

 Optimal diet and nutrition 

 Hydration –key

 Exercise !

 Plenty of rest and sleep

 Individualised diet plan 
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