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Introduction
What if some of the most common diseases and conditions that affect us and those we love, including 
Parkinson’s and Alzheimer’s diseases, autism and muscular dystrophy, diabetes and cancer, had similar 
underlying causes? What if we could detect and fix those underlying problems before they could manifest 
themselves as disease? Or, what if we could retroactively supply the missing genetic or chemical 
ingredients to treat those diseases after they do occur?

The good news is that those “what if” questions are becoming statements of fact in laboratories and 
medical centers around the world. 

That’s because the answer, or at least one of the answers, to these vexing health conditions can be found in 
tiny organelles called mitochondria that reside in almost every cell in our bodies. Research over the past 25 
years  – a mere blip in time for medical research – has shown that problems with mitochondria may cause 
or contribute to many of the diseases and conditions that limit growth and potential, diminish quality of life, 
and lead to the utilization of millions of dollars in treatments and therapies. 

As scientists have learned more about the mitochondria’s role in health and in disease, they have concluded 
that mitochondrial dysfunction is at the root of diseases and conditions that affect the young and the old, 
in ways that can range from subtle to devastating, and is even responsible for the aging process itself. The 
list of known diseases and conditions with a mitochondrial dysfunction component is long – and growing 
longer. In fact, research suggests that mitochondrial function may be the unifying theme - the Holy Grail of 
medicine, perhaps – of understanding a spectrum of diseases, conditions, and why we grow old. 

How common is mitochondrial dysfunction? If you have seen a person with Parkinson’s disease, 
Huntington’s disease, Alzheimer’s disease, or amyotrophic lateral sclerosis (ALS), you have encountered 
mitochondrial dysfunction. If you have met a child with autism, Asperger’s syndrome, or epilepsy, 
mitochondrial dysfunction may be already affecting their developing brains. For these individuals, time is of 
the essence in developing therapies because once symptoms are apparent, mitochondrial dysfunction has 
already contributed to significant health issues. In these patients, recognizing and treating mitochondrial 
dysfunction now is essential.

What are mitochondria? Mitochondria are entities called organelles, literally “little organs.” Existing 
inside of our cells and performing vital functions, mitochondria are best known for supplying the energy that 
our bodies need to function. 

Every aspect of our beings – seeing, breathing, thinking, moving - requires energy. Mitochondria, often 
called the cells’ “powerhouses,” supply that energy by turning raw materials found in the food we eat and 
in the air we breathe into a substance called ATP (adenosine triphosphate), which our cells can use as fuel. 
ATP is, quite simply, vital to life. Without enough ATP, children cannot appropriately develop, grow, learn, 
move, or even sleep. Adults without enough ATP are unable to sustain brain, muscle, and other vital organ 
function. A deficit of ATP can also cause invisible damage in some disease states, leading to early failure or 
dysfunction of organs, or just a chronic state of inefficiency leading to pain, fatigue, changes or limitations in 
thinking and learning, and increased susceptibility to acquired diseases. 
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The process of creating ATP consists of a series of complex and carefully orchestrated reactions, requiring 
the cooperation of a number of substances working on schedule for optimal function. One error in this 
complicated process can quickly lead to a domino effect of dysfunction. 

Artist’s Rendition of Mitochondria

In addition to creating energy, mitochondria also perform other important tasks within the cells. 
They regulate calcium, which allows the smooth functioning of neurons; they code for and assemble 
various proteins to be used by cells; and they are in charge of telling the cell when to die – an important 
housekeeping task called apoptosis that ensures the availability of robust cells to take care of our bodies’ 
business. Mitochondria also have organ-specific roles. For example, mitochondria in liver cells can detoxify 
the ammonia that is created as a waste product of protein metabolism. 

Most people know that our cells contain DNA. This DNA is called nuclear DNA, or nDNA, and is 
responsible for most heritable traits, such as eye and hair color, height, and susceptibility to certain 
diseases. Mitochondria also contain DNA, called mtDNA, which sometimes acts in concert with our nDNA 
to build proteins, and sometimes acts independently to direct the cells’ energy-making machinery. It is an 
efficient feat of conservation that mitochondria can employ both its own mtDNA and the larger nDNA to 
carry out the tasks it needs to perform.

Despite its tiny size (mtDNA codes for just 13 core proteins), mtDNA is a vital source of genetic material. 
MtDNA has a high mutation rate, which is both protective and a problem. It’s protective because this 
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nimble genetic material can respond and adjust to changes in our environments. This ability has enabled 
scientists to create a historic timeline of the human race, including migration patterns and documenting 
the various branches of the human family tree. But the very big downside of this ability to mutate is that 
sometimes, these mutations cause disease. And because mitochondria carry out so many tasks in our cells, 
errors in these vital structures cause or contribute to a wide range of diseases. 

Following are a few of the common diseases in which mitochondrial dysfunction plays a role.

Parkinson’s Disease
What is Parkinson’s Disease? Parkinson’s disease is a progressive, neurodegenerative movement 
disorder.  It gets worse over time, and it is caused by the degeneration of nerve cells in the brain.  The most 
prominent symptoms of Parkinson’s disease affect movement, although many other symptoms may also 
occur, some of which can be even more disabling than the movement symptoms.  

Prevalence: 1 in 500 people (CDC).  An estimated 500,000 to 1 million people in the United States are 
living with Parkinson’s Disease. 

What is the role of mitochondria dysfunction in Parkinson’s disease? Scientists have accrued a large 
body of evidence confirming that mitochondria play an important role in the development of Parkinson’s 
disease. The most prominent symptoms of Parkinson’s disease are muscle trembling and weakness, which 
then progress to muscle immobility. These symptoms are the result of a decline of dopamine in the brain, 
which occurs as a result of loss of neurons that produce this vital neurotransmitter. 

Mutations to mitochondria directly affect a cell’s ability to make dopamine. Damaged mitochondria can 
negatively influence neurons – including those that produce dopamine – in many ways. For example, they 
can cause overproduction of free radicals that can damage the cells; they can affect calcium regulation 
within the cells and the intracellular spaces, which directly affects neuronal health; they can create 
problems with axonal transport (the way nerve cells communicate with each other); and they can cause cell 
death. All of these aspects can contribute to malfunction or death of dopamine-producing neurons. 

Mutations to mitochondria can occur through exposure to environmental toxins, such as medications or 
pesticides, or they can occur as a result of genetics – both inherited and acquired mutations. To further 
complicate the interplay between mitochondria and Parkinson’s disease, pathways of disease can affect 
mitochondria directly, such as through direct genetic mutations, or indirectly, by affecting a substance 
upstream from the mitochondria that interferes with its normal functioning. 

The economic impact of Parkinson’s disease is significant. The National Institute of Neurological Disorders 
and Stroke (NINDS) estimates Parkinson’s disease carries an annual cost of over $5.6 billion to our society, 
including both direct medical expenses and indirect costs such as lost income, disability payments and 
medical costs.  
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How mitochondrial dysfunction affects the development of Parkinson’s disease1

Treatment Research Mitochondria dysfunction may not be the only cause of Parkinson’s disease, but 
interventions focused on improving mitochondrial function mitochondria are showing positive progress. 
Several studies have been performed using agents that influence mitochondrial function, including the 
use of dopamine agonists (similar to dopamine) and Coenzyme Q10 to replace or boost the function of 
the patient’s mitochondria. Researchers also are exploring different avenues of treatment for individuals 
with Parkinson’s disease in which mitochondrial dysfunction has been noted. Current treatment relies on 
the replacement of dopamine. However, this does not reverse the loss of neurons or further progression of 
the disease. Researchers are targeting mitochondrial function as a way to alter this key component of the 
disease.

Austism
What is Autism? Autism is a developmental disorder that appears in the first years of life and affects 
the brain’s normal development of social and communication skills. Autism spectrum disorder (ASD) 
encompasses a range of symptoms, from mild to severe. ASD most likely has many different causes rather 
than resulting from any single disease process.

Prevalence: 1 in 88 people (CDC)

What is the role of mitochondrial dysfunction in ASD? All ASD is not mitochondrial disease. However, 
mitochondrial dysfunction has been found repeatedly to be prevalent in this group of children and adults. 
The brain requires a tremendous amount of energy to function normally. Deficiencies in the ability to fuel brain 
neurons – as may occur with mitochondrial dysfunction – could lead to some of the symptoms of autism. 

1 Keane PC, Kurzawa M, Blain PG et al. Mitochondrial dysfunction in Parkinson’s Disease. Parkinson’s Disease, 2011. Article ID 716861.  
Doi: 10.4061/2011/716871.
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Because mitochondria make ATP, as well as perform vital cellular tasks, mitochondrial dysfunction can result 
in less energy available to fuel the high-energy needs of the brain and muscles, and also leave free radicals 
in the system where they can cause damage. A 2009 paper2 examined the link between mitochondrial 
dysfunction and ASD. The research found that a subgroup of patients with mitochondrial disorders may be 
at increased risk for autistic regression, especially around periods of fever. Although the study was small, the 
research is useful because it showed new commonalities between children with both an autism spectrum 
disorder and mitochondria disorder. Further, it suggested that children with mitochondrial disease may be 
at increased risk for autistic regression and that increased risk may be associated with some fever-response 
pathway – useful findings for the medical management of certain patients.

Another study, published in 2010,3 showed that mitochondria from children with autism consumed less 
oxygen and produced less ATP – signs of lowered mitochondrial activity - than mitochondria from the group 
of control children. Further, pyruvate, a raw material that mitochondria use to make energy, was found at 
increased levels in these children, suggesting that the mitochondria were not processing pyruvate quickly 
enough. Other differences noted in the blood from the children with autism, such as higher levels of free 
radicals that can harm cells and extra copies of mtDNA, indicate that oxidative stress could influence 
autism’s onset.

Overall, there is a large and growing body of research showing that individuals with ASD often have significant 
mitochondrial dysfunction, which may be a cause of, or contributing factor to, their development disorder. 

Treatment Research Many patients with ASD can be helped by effective treatments for mitochondrial 
dysfunction. The treatments that are being evaluated specific for mitochondrial dysfunction that results in 
ASD include exercise and certain supplements. Coenzyme Q10, riboflavin, various antioxidants, vitamins, 
and many other compounds are being investigated as methods to improve ATP generation and reduce free 
radical damage to calls.4 However, those measures may not reverse the symptoms of autism (some say 
they may arrest the progression of the symptoms), but can only serve to help the individual stay as healthy 
as possible by supporting good mitochondrial function and minimizing reactive oxygen species. Due to the 
varying nature of ASD, it is becoming apparent that the role of mitochondrial dysfunction should be clarified 
in each patient in order to determine a treatment plan. Patients should consult with physicians experienced 
with mitochondrial disorders to discuss any supplementation or treatments. 

Chronic Fatigue Syndrome
What is Chronic Fatigue Syndrome? Chronic Fatigue Syndrome (CFS) is a condition most known for 
the extreme fatigue and lack of energy, regardless of how much rest or sleep the person gets. Often, 
symptoms include chronic pain or a flu-like feeling. Many researchers believe some cases of CFS are caused 
by an overactive immune response to viruses or bacteria, including the Epstein-Barr virus, certain strains of 
herpes virus, and the bacterium that causes Lyme disease; to nutritional deficiencies; and to other causes. 
Evidence of significant mitochondrial disease and dysfunction has been found in many patients with CFS 
and fibromyalgia (FMS). 
2 Shoffner J, Hyams L, Langley GN, et al. Fever Plus Mitochondrial disease could be risk factors for autistic regression. J Child Neurol 2010; 25:429-434.
3 Giulivi C, Zhang, YF, Omanska-Klusek A, et al. Mitochondrial dysfunction in autism. JAMA, 2010;304(21):2389-2396.  
Available at http://jama.ama-assn.org/content/304/21/2389.abstract
4 Rossignol DA, Bradstreet JJ. Evidence of mitochondrial dysfunction in autism and implications for treatment. Am J of Biochemistry and 
Biotechnology, 2008;4:208-217. Available at http://www.icdrc.org/documents/Mitoandautism2008.pdf 
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Prevalence: 1 to 4 million persons affected in the US (CDC). Research is ongoing to define the prevalence 
of primary mitochondrial disease in the population of CFS/FMS patients.

What is the role of mitochondrial dysfunction in Chronic Fatigue Syndrome? Mitochondrial 
dysfunction is likely to be responsible for many of the symptoms of CFS/FMS. A 2009 paper5 outlined how 
an “ATP profile test” can distinguish between patients who may be fatigued from stress, illness, digestive, 
or psychological factors from those who have insufficient energy due to mitochondrial dysfunction. Further, 
this research found that the degree of mitochondrial dysfunction correlated with the severity of the patients’ 
CFS illness. The researchers could not determine if the mitochondrial dysfunction was the primary effect, 
or if it is a secondary effect to another condition, such as cellular hypoxia or damage from viruses. But it is 
clear that mitochondria that inefficiently produce energy could lead to the symptoms of CFS.

Researchers expect to publish additional data soon that describe many patients with CFS/FMS. This 
research will further illuminate the role of mitochondria in these often-disabling conditions.

Treatment Research As with other conditions suspected of having mitochondrial dysfunction at the core, 
CFS has been treated with supplements and drugs. However, these treatments are not curative, have been 
poorly studied, and are often ineffective. Treatment of symptoms with medications (pain medications, 
various categories of antidepressants, and other medications) and lifestyle modifications (attention to diet 
and moderation of activity) are the mainstays of treatment for CFS, even though those treatments may not 
address the underlying disease. 

Alzheimer’s Disease
What is Alzheimer’s Disease? Alzheimer’s disease is a progressive neurodegenerative disorder that 
causes problems with memory, thinking, and behavior. Symptoms usually develop slowly and progress over 
time until they become severe enough to interfere with activities of daily living. 

There are different types of Alzheimer’s, including variants that are considered familial, often with earlier 
onset, and those that begin later in life and arise with no family history. Several genetic mutations have been 
identified in the familial cases. Several causes have been proposed and are currently being researched for 
the sporadic forms. 

Prevalence: an estimated 5.1 million Americans may have Alzheimer’s disease (National Institute of Aging)

What is the role of mitochondrial dysfunction in Alzheimer’s disease? Mitochondrial dysfunction 
has surfaced as one of the most discussed hypotheses associated with the etiology and underlying disease 
components of Alzheimer’s disease.6 Mitochondria assume central functions in the cell, including ATP 
production, calcium homeostasis, reactive oxygen species generation, and apoptotic signaling. Although 
their role in the cause of Alzheimer’s disease may be controversial, there is no doubt that mitochondrial 
dysfunction, abnormal mitochondrial dynamics, and degradation by mitophagy occur during the disease

5 Myhill S, Booth NE, McLaren-Howard J. Chronic fatigue syndrome and mitochondrial dysfunction. Int J Clin Exp Med, 2009;2:1-16. Available at 
http://www.ijcem.com/files/IJCEM812001.pdf
6 Santos RX, Correia SC, Wang X, et al. Alzheimer’s disease: diverse aspects of mitochondrial malfunctioning. Int J Clin Exp Pathol, 2010;3:570-581. 
Available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2907118/
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process, contributing to the onset and progression of Alzheimer’s disease.

Mitochondrial abnormalities correlate with some of the structural changes that are seen in brains 
of Alzheimer’s patients. Age-related degradation of mitochondria function is a prime suspect in the 
pathophysiology of sporadic Alzheimer’s disease.

Treatment Research Currently, there is no cure for Alzheimer’s disease. However, treatments, such as 
cholinesterase inhibitors and glutamate regulators, are often successful is slowing the rate of progression 
of the disease. So early diagnosis of Alzheimer’s would enable treatment to begin early, when it could be 
most beneficial.

Recent research may prove to be helpful in early diagnosis. Researchers at the Mayo Clinic recently 
published a paper7 showing that mitochondria in the brain are dysfunctional early in the disease – even 
before symptoms appear. Connecting the degree of mitochondrial dysfunction with the progression of 
symptoms of Alzheimer’s disease will be useful not only to diagnosis the disease, but could also provide 
new treatment targets, and can be used to help monitor the progression of the disease. The research was 
performed in mice, but the researchers expect to validate the changes in humans with the disease.

Researchers are also actively researching new targets for Alzheimer’s disease treatment as well as new 
therapies. It is recognized that successfully treating Alzheimer’s disease will likely include treatments aimed 
at correcting the mitochondrial dysfunction component of the disease.8

Other Diseases and Conditions
Many other diseases and conditions may be at least partially attributable to mitochondrial dysfunction. 
Amyotrophic lateral sclerosis (ALS), type II diabetes, heart disease, and some cancers, including breast 
cancer, may have a mitochondrial component. In short, nearly every major disease that affects humans as 
we age may have part of its genesis in mitochondrial dysfunction.

Why is it important to support clinical research into the treatment of mitochondrial dysfunction? 
As more is known about the many diseases that have a mitochondrial component, it is becoming clear 
that treatments to address mitochondrial dysfunction are currently very limited. The general treatments of 
supplements and exercise may slow the rate of deterioration with some diseases, but they do not fix the 
problems with dysfunctional mitochondria (of which there will be many different problems). 

Because the field of mitochondrial medicine is relatively new, drug development for mitochondrial disease 
has really only just begun. The road to successful new drugs and drug therapies is long and expensive – on 
average, it takes 13 years and $1 billion to bring a drug to market. There are many failures along the way, 
with about 90% of new drugs failing in early phases of clinical trial development.

The Foundation for Mitochondrial Medicine is focused on treatments, and raises money to move promising 
compounds into preclinical development in only a few years.

7 Trushina E, Nemutlu E, Zhang S, et al. Defects in mitochondrial dynamics and metabolomic signatures of evolving energetic stress in mouse models 
of familial Alzheimer’s Disease. PLoS ONE 7(2): e32737. doi:10.1371/journal.pone.0032737
8Colca JR, Feinstein DL. Altering mitochondrial dysfunction as an approach to treating Alzheimer’s disease. Adv Pharmacol. 2012;64:155-76.



8

The Future
We are the cusp of some truly innovative technologies to correct or work around mitochondrial 
dysfunction. Innovative technologies, such as DNA “repair” with the use of reprogrammed viruses, 
transferring DNA from women with mitochondrial disease into the eggs of women donors who were 
unaffected, or even transplanting healthy mitochondria into cells, are being researched. As exciting as 
those technologies are, they are not likely to have practical applications for years. Further, they will only 
be useful to reduce risk of transmission of mitochondrial disease to offspring in a minority of patients with 
mitochondrial disease.

What holds the most promise is the development of drugs that modify mitochondrial function by improving 
the stability of individual enzymes and intracellular structures, and reducing the effect of free radicals.

1 year

$800M -$1B
Drug development for mitochondrial disease has only just begun (see light blue area on chart).

The road to successful new drugs and drug therapies is riddled with incredible successes 
and forgotten failures. Recent studies estimate an average timeline to bring a drug to market 
is 13 years and $1B. And each new drug leads us to a cure. 

75% of the costs of drug development are associated with compounds failing in early stage 
development. Additionally, 90% of new drugs fail in Phase 2 and 3.

KEY
       Significant activity*
       *See Detail: The Foundation’s Bypass
       No activity

ROADMAP TO DRUG DEVELOPMENT

Feasibility Studies

Preclinical Research
Pharmacodynamics, 
pharmacokinetics, 
ADME, and toxicity 
testing
1-2 years / $100m+

Phase 1
The drug is tested for 
safety, dosage and 
side e�ects in a small 
group of volunteers.  
Initial studies deter-
mine the metabolic 
and pharmacologic 
e�ects and side 
e�ects associated 
with increasing doses.
1-3 years / $100m+

Phase 2
Expands the study to a 
larger group of people.
1-3 years / $150m+

Phase 3
Expands the study to 
an even larger group 
of people to confirm 
e�ectiveness, evaluate 
the overall benefit 
and, risk relationship.
Data is collected, 
analyzed, then 
submitted to the 
FDA for review. Drug 
can be perscribed.
1-3 years / $150m+

Phase 4
These studies are done 
after the drug has been 
licensed and marketed.  
Post-marketing studies 
to delineate additional 
information including 
the drug’s risks and 
benefits are colected 
and analyzed.
1-3 years / $100m+

Preclinical 
Development
1-2 years / $100m+

Feasibility Study
regulatory review
financial review
data review
equipment review
database development
6 months / $1m+
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Timeline (sources: (http://www.mitoresearch.org/century.pdf, London Health Sciences Centre) 
Even though scientists have known about mitochondria since before 1900, the area of mitochondrial medicine 
is still relatively new. The discoveries of most mitochondrial diseases have occurred within the last 30 years. 
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