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Supplements & Mito – Yes/ No

• Which supplements are commonly used?

• Which supplements are evidence-backed?

– Specific diseases
• Back to basics 

– The respiratory (electron) transport chain

– What patients with Mito lack/ and what to avoid

• Supplements with limited evidence in Mito

– Mechanism, potential benefits vs risks

• How to access quality products?

• How to know if a supplement might / not be 
helping?



• Any mitochondrial 

disease
• Retrospective

– Self -reported, N = 162

• Majority are/ have been 

on dietary supplements

– 75% take > 4 supplements:

• Majority reported benefits

• Perceived benefits 

– at 2weeks – 4 months

– Safe

– 95% pay up to 

US$500/month

• Despite other Rx: 
• Medications

• Physical therapy

• Diet

– 45.5% thinks supplements 

are the only intervention 

improving their symptoms

Mol Genet Metab. 2016 Sep



Most reported symptoms
– Subjective weakness 50%

– Temperature Fatigue 61%

– instability 48%

– Exercise intolerance 42.5%

– Muscle pain 38%

– Irritable bowel 33%

– Ptosis 30%

– Headaches/Migraines 28%

– Anxiety 25%



Karaa et al 2016

• Most common 
supplements
– CoEnzyme Q10 (Ubiquinol/ 

Ubiquinone) 42.5%

– L-carnitine 36%

– Riboflavin 26.5%

– Vitamin D 24%

– Vitamin C 15%

• 72% no side effects

• 54% reported 5 most 
bothersome symptoms 
alleviated

• Fatigue 49% improved

• Exercise intolerance 26% 
improved

• Muscle pains 26% 

• Weakness 26%

• Less responsive <12% 
improved
– Gastrointestinal dysmotility 

symptoms

– Neurological symptoms
• Headache, seizures, 

myoclonus, spasticity

• 62/162 thought no 
improvement
– But 38% - benefit noted 

once off supplements

– Only 26% discontinued 
use!



• Dutch  study
– paediatric n= 24/38, adult n= 33/46 -> 57 responses

• 88% Children, 91% adults 
– uses complementary/ alternative medicine

• Children: €489 /year

• Adults: €359 /year ~ $580/year

• 60% adults reported therapies to be effective
– Food supplements, homeopathy, self-help techniques  

• Vitamin supplements e.g. riboflavin, CoEnzymeQ10, Thiamine
– not  perceived to be effective

• Self -help techniques e.g. massage, yoga 
– rated positively



From the doctors’ point of view

• Subset of conditions
– Specific Vitamins/ Co-factors

• Evidence contrasts clinicians’ widespread use
– 95% paediatrician recommended use

• Specific situation, or generally
– 112 respondents from 35 countries

» 48% only cared for paediatric patients

» 17% only cared for adult patients



Supplements prescribed

Neugebauer J et al, 2024



Supplements & Mito – Yes/ No

• Which supplements are commonly used?

• Which supplements are evidence -backed?

– Specific diseases
• Back to basics 

– The respiratory (electron) transport chain

– What patients with Mito lack/ and what to avoid

• Supplements with limited evidence in Mito

– Mechanism, potential benefits vs risks

• How to access quality products?

• How to know if a supplement might / not be 
helping?



Supplements – Yes/ No

• If there was clear evidence

– Every doctor would be prescribing the same 

• E.g. Fluoride for strong teeth

• E.g. Aspirin for strokes / heart attacks

• E.g. Bisphosphonate/ Denosumab for 

osteoporosis

• But there are few mitochondrial diseases 

with clear evidence 

 for specific supplements

Wiemers M. 2024
https://www.michiganmedicine.org/health-lab/aspirin-can-prevent-second-heart-

attack-or-stroke-many-dont-use-it



Ball, M et al 2025



https://foglets.com/electron-transport-chain-and-energy-production/



Thiamine (Vitamin B1)
• Energy metabolism

– Synthesis of nucleic acids, antioxidants, lipids, 
neurotransmitters

» Zhao et al 2023

Thiamine metabolic disorders
– Acute confusion, basal ganglia disease, lactic acidosis

• SLC19A3 deficiency (Biotin-thiamine responsive basal 
ganglia disease-BTBGD)

• Confusion, seizures, ataxia, supranuclear facial palsy, external 
ophthalmoplegia, +/- dysphagia

• Dystonia, cogwheel rigidity; hyperreflexia, ankle clonus,  Babinski 
responses

• +/- Hemiparesis or quadriparesis. 
– Episodes triggered by fever or mild trauma/ stress

– Rx Biotin (5-10 mg/kg/d) + Thiamine 

(up to 40 mg/kg/d, max of 1500 mg daily) oral
• Thiamine x 2 (iv) when ill

Kassem H, et al, 2014. 

https://www.ajnr.org/content/35/10/1990



The Respiratory Chain

Tang, et al. Front. Physiol 2014



Riboflavin (Vitamin B2)
• Precursor of electron carrier FAD

• Flavin adenine dinucleotide (FAD)

• Flavin mononucleotide (FMN)

– Co-factors for respiratory chain C I and C II

• ACAD9 deficiency
– Mitochondrial acyl-CoA dehydrogenase family member 9 

– For assembly of C I

• Cardiomyopathy, myopathy, ex intolerance, lactic acidosis
– Onset in infancy to10 years

– 65% +ve (n = 20/31) clinical response 
• N = 22 treated, 17 untreated

– Treated 7/22 died, untrated 16/17 died

» Repp BM et al 2018
– 9/15 Patient fibroblasts – ↑ C I activity

Repp BM et al 

2018



Biotin (Vitamin B7/ H)
• Biotinidase deficiency

– Biallelic pathogenic variants 
in BTD

• Onset in infancy – age 10

• Seizures, developmental delay, 

• skin rash, alopecia, optic atrophy, 
hearing loss, and respiratory 
problems

• Ataxia, myelopathy
– Normal development if treated 

prior to symptoms

– Newborn screening

• Partial deficiency (10-30%)– 
symptoms only when stressed e.g. 
infection

– Rx Biotin 2.5-10 mg/d po

Biswas et al, 2023



Back to Basics

• Patients with Mito

– Gut problems
• Swallowing, slow transit, constipation, bloating

– Fatigue

– Diabetes

• Mito patients N = 60 thee-day nutrition diaries
• MIDD, CPEO, MM - 68% took ≥ 1 supplement

– CoEnzyme Q10, Multivitamin

– Vitamin D, Calcium, Fluid  intake - inadequate
• Zweers et al 2017 - Radboud Centre for 

Mitochondrial Medicine



Vitamin D
• Deficiency

– Osteoporosis

– Muscle weakness, Fatigue

• Study:
– Mice – 2200IU/kg vs 0 IU/kg 

• (Mice weigh 15-30g)

– 3 mo deficiency –
• ↓ mitochondrial respiration (C1, C2 function)

– In gastrocnemius muscles 

• ↓ lean mass – as % of body weight

• But no change to mitochondrial protein content
• Ashcroft et al 2021, Birmingham

C57BL/6 Mice



Vitamin D in human

• Vit D 10 000 IU x 3 /week for 6 months

– can improve muscle mass and strength  

• in older vitamin D deficient human subjects

Salles J et al 2022



Vitamin D

• Recommended daily intake

600 IU = 15 microgram (age 1-70 yrs; mothers)

800 IU = 20 microgram (age > 71 yrs)

• Blood test (serum 25-hydroxyvitamin D)

– Aim for Vitamin D ~ 70nmol/L (Ref > 50)
• 1000 IU = 25 microgram = 0.25mg

• Cost 60 caps for $ 9.25 on sale = $0.15/ cap/ day

• Dose range: ~1000 IU- 4000 IU/ d = $0.15-0.6 /day
– Children aged 1-3 up to 2500IU/ day



Ensure you have enough

• Vitamin B12

– Particularly if lactovegetarian/ vegan diet

• Folate
– In green, leafy vegetables, fruits, cereals, 

grains, nuts, meats
• Prevents neural tube defects

• Iron
• Heavy periods, post surgery, gastrointestinal blood 

loss

– Microcytic anaemia

Abusharif AB, 2019 



Avoid  overdosing on…

• Vitamin B6/ Pyridoxine
– Daily requirement ~ 1.5mg/d

• Many supplements have 25-50mg/d

– Risk of neuropathy

• Vitamin C
– Daily requirement up to 120mg/d

• Most supplements 250-1000mg/d

– > 3000mg per day – risk of kidney stones

• Fat soluble vitamins
– Vitamins A – teratogenic if overdose

– Vitamin E



L-arginine
• Nitric oxide precursor/ donor

• In MELAS 

(mitochondrial encephalopathy, 
lactic acidosis & stroke-like 
episodes)

+ Stroke-like episodes
• N= 24, 34 stroke-like episodes 

» Koga et al. 2005

– V ® recovery time

– V ®frequency V ® severity

• Dose oral 0.3mg/kg/d 
maintenance
– If 70kg: 21g/d = 7 caps x3/day

• 500, 750, 1000mg capsules, 
powder

– 5-20g twice daily ~$4400/year

Lundberg, et al. Nat Rev Drug Discovery 2015



• Loading dose of L-arginine 0.5g/kg given 

within 3 h of symptom onset

– IV infusion for next 3-5 days

• “though no clinical evidence on how long to 

continue

• Dextrose containing fluids

– To avoid catabolism

• Oral L-arginine 0.15-0.30g/kg

– 3 divided doses to continue



• L-citrulline
– Natural precursor of L-arginine

– More bioavailable
• Less hepatic first-pass metabolism

• Longer circulation time

• Less well studied

? L-citrulline 0.8g (adult) -3g (children) /kg/d daily 

U Intravenous form not accessible



• Oral L -Citrulline  -> L-Arginine in kidneys 

• N = 5 children with MELAS, 5 controls

– Nitric oxide production rate increased 

• Higher with citrulline cf arginine

– Citrulline supplementation increased de novo 

arginine synthesis



Taurine

• Role in modifying genetic code
– Post-transcriptional modification in tRNAs

– Defective in mutant mitochondrial tRNALeu

• In cell model
– Taurine ameliorates impaired mitochondrial function

• Prevented stroke-like episodes in 2 MELAS 
patients for > 9 years
– 21 yo male, 29 yo female

» Rikimaru, et al. Intern Med 2012

– High dose 0.25g/kg/d
– If 50kg -> 12.5g/d

• 1g capsules – 100 cap = $15
– Lasts 5 days



• N = 10 recurrent stroke-like episodes from MELAS (mitochondrial 

encephalomyopathy, lactic acidosis and stroke-like episodes) syndrome
– m.3243A>G or m.3271T>C mutations
– ≥ 2 SLE within 1.5 years AND  ≥ 1 SLE within 1 year

• High dose oral Taurine 9g (25-39kg) or 12g (for  40kg)  per day
– 52 weeks

• 6/10 no recurrent stroke-like episode
– Increased taurine modification in mitochondrial tRNA Leu(UUR)

VTested in those with frequent SLE, laboratory biomarker backup

USmall numbers, no placebo arm, short duration study



Supplements & Mito – Yes/ No

• Which supplements are commonly used?

• Which supplements are evidence-backed?

– Specific diseases
• Back to basics 

– The respiratory (electron) transport chain

– What patients with Mito lack/ and what to avoid

• Supplements with limited evidence in MIto

– Mechanism, potential benefits vs risks

• How to access quality products?

• How to know if a supplement might / not be 
helping?



The Respiratory Chain

Tang, et al. Front. Physiol 2014



Aiming to improve mitochondrial 

function
• Enhance electron transfer

– CoEnzyme Q10
• From Complexes I and II to III

– Riboflavin (Vit B2)
• Flavin adenine dinucleotide in 

Complex I, II

• Enhance respiratory chain 
function:
– Thiamine (Vit B1)

• enhance pyruvate 
dehydrogenase activity

– Glycolysis to Krebs cycle

– Nicotinamide riboside

– Carnitine
• Helps transfer of fatty acid 

• Bypass specific respiratory 
chain complexes
– Vitamin C, K3

• Bypasses Complex III
– Reducing cytochrome c directly

• Antioxidants –

® toxic metabolites 
– Vitamin C, E

– Alpha lipoic acid

– Idebenone, CoEnzyme Q10

• Energy buffering
– Creatine

• Increase ATP storage through 
the creatine phosphokinase 
system



Supplements

VGenerally over the counter

VLess likely to cause significant 
side effects

VMore affordable

UInconsistent efficacy

ULess rigorously studied/ regulated
– Can’t be sure what you are getting

– Can’t be sure that it would work

*CHECK for INTERACTION with 
your other medications

*CHECK actual INGREDIENTS

https://publichealthnotes.com/647-2/



CoEnzyme Q10
– Its final synthesis steps in the mitochondria

– Involve >12 proteins in yeast, by COQ genes

• An electron carrier in the respiratory chain
– A cofactor

– Transfers electron: Complexes I & II to Complex III

• ® in 22-36% mitochondrial myopathies
» (Sacconi et al. 2010; Montero et al. 2005)

– Improved ex tolerance, fatigue, cramps, stiffness 7/8 patients

• Ubiquinone  (oxidised form)
– Lipophilic molecule, in cell membranes, mitochondria

• Ubiquinol  (reduced form)
– Better bioavailability shown in rats

• 150mg x 2 tabs (300mg) daily $2/day; 

~$30: 30 cap

~$37: 30 cap



CoEnzyme Q10
• Potent lipid-soluble antioxidant - scavenges reactive oxygen species

– Only one made in body - not a vitamin
– not expected to be deficient in healthy subjects, except if on statin

– though structure similar to e.g. Vit K

• Highest levels
– Heart, kidney, liver, muscle

• Probably - protein-bound form principally involved in oxphos

• Absorption
– Enhanced with lipids

– Solubilised better than powder based
• <5% of orally taken CoQ10 reaches plasma

• ĄBioavailability
– Crystalline form – low and inconsistent

– 30mg capsules x 10 better than  100mg caps x 3 for absorption

• Safe up to 1200mg… to 3000mg/d
– ? decreases INR in those on warfarin

» Hargreaves et al, 2014; Potgieter et al 2013



CoEnzyme Q10
• Randomised, placebo-controlled, double-blind, cross-over trial

– N = 30
• 15 with MELAS, 11 with CPEO

– Glover, et al. Muscle & Nerve 2010.

– CoQ10 at 600mg twice a day for 60 days

– Minor effects on 
• Cycle exercise aerobic capacity (15 mins)

• Post-exercise lactate

• In muscle
– Reduces type I fibres, increases type II fibres

• Vastus lateralis - Old -> Young

• Works in ~20% patients with primary or secondary CoQ10 
deficiency
– Perhaps in those associated with CoQ10 deficiency

• Kearns-Sayre syndrome

• mtDNA mutations
– 28 of 76 patients with mito disease 

» Sacconi et al 2010



• Primary CoQ deficiency: 
– Clinically and genetically heterogeneous disorder

• Onset from birth to 7th decade

– 1) Encephalomyopathic form
• triad of recurrent myoglobinuria

• brain involvement
– seizures, ataxia , mental retardation 

• Muscle biopsy: ragged-red fibers, lipid storage

– 2) Severe infantile multisystemic disease 
• Encephalopathy, cardiomyopathy, renal failure

– 3) Cerebellar ataxic form
• Ataxia+cerebellar atrophy

– 4) Leigh syndrome
•  growth retardation, ataxia and deafness

– 5) Isolated myopathic form 

• Some responded to CoEnzyme Q10 supplementation
• Not all responded



Statin myopathy
• Statins

– Ć plasma/ serum CoQ10 levels by 16-54%

– Inhibit HMGCoA reductase
• Reduces mevalonate -> reduces LDL, & CoQ10

• Effects of CoEnzyme Q10 on statin-induced 
myopathy:
– Meta-analysis of RCT

• 6 studies N = 302
– Not suggest any significant benefit 

» Banach M et al 2015

• 12 studies N = 575 (294 on CoQ10)
– Helped muscle pain, weakness, cramp, tiredness

– But not change CK level

» Qu H et al, J Am Heart Assoc 2018



• Tested 7 different formulation of 100mg CoQ10 
– N = 14 young, healthy individuals

VBest bioavailability: soft-gel capsules with 
ubiquinone (oxidised)or ubiquinol (reduced)

– Myoqinon

– Ubiquinol QH
• Without Vit C better

• Bioavailability 
– Still great variability 

among different individuals



…CoEnzyme Q10 precursors
– 4-HPDL (4-hydroxyphenylpyruvate dioxygenase-like 

protein) 

– 4-HMA (4-hydroxymandelate)

– 4-HB (4-hydroxybenzoate)
• Small molecules – easily get into cells

• Aim to restore CoQ10 synthesis

  to treat CoQ10 deficiencies
– Aging, statin-myopathy, mitochondrial myopathy

• Tested in:
– Hpdl -/- mice

• Stiff legs, Seizures
– Death by day 15 vs to average mouse lifespan

» Shi G et al, Nature 2025

https://www.dreamstime.com/stock-photos-laboratory-mouse-image20434593



4-HB (4-hydroxybenzoate)

– 8 yo boy with biallelic HPDL variants 
(NEDSWMA)

• Spastic paraplegia
– 2 young siblings died in infancy from 

rapid encephalopathy + seizures

» CoEnZyme Q10 for 1.5 mo – not 
helped

• 4-HB for 250 days
– SE: vomiting initially

• Improved gait 

and function – able to run
• Shi G et al, 

 Nature 2025

– 3 yo boy with CoQ2 variants
• Leigh-like syndrome

– Not responded to high dose oral CoQ10

– Responding to oral 4-hydroxybenzoic 
acid 

» Safe over 6 mo

• Distelmaier F et al, Brain 2025

https://www.istockphoto.com/search/2/image?m
ediatype=illustration&phrase=8+years+old+boy



The Respiratory Chain

Tang, et al. Front. Physiol 2014



Vitamin B3

• NAD+ (precursor)

– Sirtuins – family of deacetylases - depends on 
NAD+ as cofactor

• SIRT 3, , 4, 5 mainly in mitochondria
– Affects mitophagy

» Lagunas-Rangel F, 2025

• Niacin (Nicotinic acid)
– Used in dyslipidaemia

• Nicotinamide (NAM)

• Nicotinamide riboside (NR)



• Increased NAD+/NADH ratio
– In low nutrient state - Activates cellular fasting responses

• Of health benefits, longevity

• Mitochondrial dysfunction 
– Reduces intracellular NAD+ concentration

• On thigh muscle biopsy and in blood

• N = 5
– CPEO, ptosis, MM, ex intolerance

• Heteroplasmic single or multiple mtDNA deletions in muscle
– 250mg/day to 750-1000mg/d for 4 months

– F’up 10 months

• Increases HDL

• Side effects by all at >500mg/day: 
– Hot flushes, tingling in extremities

– GI irritation, flatulence

– Dry skin
• Improved with continuation

– 2 controls bailed out



Niacin’s effects in this study
VReduced whole body fat

– Increased muscle mass

V Reduced liver, visceral fat
– But not subcutaneous fat

• Active adiponectin increased

V Increased HDL2b particles (“good cholesterol”)
– Reduced apolipoprotein B – LDL, VLDL, TG

V Increased fasting glucose
– but not HbA1C

V Improved muscle strength
– Abdo > Upper limbs > Back > Lower limbs

V Reduced lactate post ex

U NOT helped 
– Ophthalmoplegia, Max ex capacity

U Slightly reduced Hb
– Also red cells, platelets



• Nicotinamide riboside

– Another NAD+ precursor vitamin
• In mice – superior pharmacokinetics to nicotinic 

acid (niacin), and nicotinamide

– Increases NAD+ level in blood
• Safe up to 1000mg bd short term (healthy)

• Safe up to 1000mg d for 8 weeks (healthy 
overweight)



Nicotinamide riboside
• Aim to increase NAD+ bioavailability - precursor

– Form of Vitamin B3

– To improve oxidative phosphorylation
• Advertised for “endurance, performance, weight management, 

cardiovascular health, anti-aging, cognitive function, 
neuroprotection”

• Promising in 
– Mouse model – Sco2 (nuclear gene) mouse

• Improved ex intolerance
» Cerutti et al., 2014

– Deletor mouse (nuclear gene mutation causing mtDNA 
deletions) 

• Improve mitochondrial biosynthesis
» Khan et al., 2014

• Dose 400mg/kg/d

• 100-125mg tabs
– 60 tabs = AU$52.48



L-carnitine

• Mitochondrial myopathy with CPEO

– N = 12, Control = 10

– L-carnitine 3g/d vs Placebo

• Double-blind, cross over

– Clinical status, respiratory function, muscle strength, 

cardiopulmonary exercise test

– Improved aerobic capacity, ex tolerance at 

high-intensity ex
» Gimenes AC et al 2015

500mg x 60 for $31.5
250g powder $33100g powder $75



Creatine

• Mitochondrial cytopathy patients

– N = 7

• Randomised crossover design

– Creatine monohydrate 5g bd x 14 days 

– then Creatine monohydrate 2g bd for 7 days

– ↑ strength of high-intensity anaerobic and 

aerobic type activities

• No effects on lower intensity aerobic activities

• Tarnopolsky MA et at, 1997



References

https://ods.od.nih.gov/factsheets/PrimaryMitochondrial
Disorders-HealthProfessional/



Supplements & Mito – Yes/ No

• Which supplements are commonly used?
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– Specific diseases
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– The respiratory (electron) transport chain

– What patients with Mito lack/ and what to avoid

• Supplements with limited evidence in Mito

– Mechanism, potential benefits vs risks

• How to access quality products?

• How to know if a supplement might / not be 
helping?



ARTG - Labelling
• Therapeutic goods – 

Australian Register of Therapeutic Goods (ARTG) 
– can be lawfully supplied in Australia

• “AUST R” (registered) medicines 
– assessed for: safety, quality, effectiveness

• all prescription-only medicines

• over-the-counter: pain relief, coughs&colds, antiseptics

• “AUST L” (listed) medicines 
– assessed for: safety, quality, __________

• Pre-approved low-risk ingredients. 

• E.g. sunscreens > SPF4, vitamins, minerals, herbal and 
homoeopathic products. 

• A purpose  must be included on the label.



AUST L

vs 

AUST R



Check the active ingredients



Supplements & Mito – Yes/ No

• Which supplements are commonly used?

• Which supplements are evidence-backed?

– Specific diseases
• Back to basics 

– The respiratory (electron) transport chain

– What patients with Mito lack/ and what to avoid

• Supplements with limited evidence in Mito

– Mechanism, potential benefits vs risks

• How to access quality products?

• How to know if a supplement might / not be 
helping?



Ideas from clinical trials
• N = 1 trial

– A trial for yourself

• What symptoms are bothersome for you?
– Pain/ headache

• Headache diary

– Fatigue/ exercise intolerance
• Endurance on a regular activity e.g. stairs

– Bowel movements
• Bowel chart

– Cognitive
• Minutes able to concentrate

Keep a Diary/ Log
– 1 month baseline 

before supplement/s
• Averages out confounders

– 1-3 months during supplement/s

Wk Mon Tue Wed Thu Fri Sat Sun

1 4,0,0 2,0,0 1,1,0 1,2,0 2,1,0 1,0,1 0,1,0

2 6,0,0 4,0,0

3

4

Headaches - severity

Flights of stairs – can do
Bowel motion 



Diaries – for headaches
https://anzheadachesociety.org/wp-

content/uploads/2024/12/2025HeadacheDiary.pdf



Dairies – for physical activities
https://www.cdc.gov/healthyweight/pdf/physical_activity_diary_cdc.pdf

https://world.physio/sites/default/files/2021-06/WPTD2021-

ActivityTracker-Final-v1.pdf

https://www.cdc.gov/healthyweight/pdf/physical_activity_diary_cdc.pdf


Diaries – for mood
https://www.blackdoginstitute.org.au/wp-

content/uploads/2020/04/19-dailymoodchart.pdf
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