
The Hidden Job Of The Cell’s 
Powerhouse

Dan E. Arking, Ph.D.
McKusick-Nathans Institute of Genetic Medicine

Johns Hopkins University School of Medicine



Energy hypothesis of aging

Adapted from: Ruggiero C, Ferrucci L. J Gerontol A Biol Sci Med Sci. 2006.
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Public Health Significance

• Energy central to health in later life

• Paths that lead to energy dysregulation are not well characterized

• Examine a key component of the energy machinery and its 
relationship to aging and aging-related disease

Mitochondria Disability

Federal Interagency Forum on Aging-Related Statistics. Older Americans 2017.



• “Powerhouse of the cell” (primary site of ATP synthesis in aerobic 
metabolism)

• Tens to thousands exist within each cell in your body

• Each mitochondrion has it’s own DNA

• Other roles

Cell-to-cell communication

Programmed cell death

What are Mitochondria?



Hypothesis

Given the central role of the mitochondria in 
energy production and maintenance, we 
hypothesize that the number of mitochondria will 
influence aging and age-related disease.



• Mitochondria have their own DNA (mtDNA)

• Nuclear DNA (nucDNA) is always in 2 copies 
(inherited from Mom and Dad)

• The ratio of the mtDNA to nucDNA gives a 
standardized measure of mtDNA. 

• Can be measured in DNA extracted from blood.

How do we measure the number of 
mitochondria?



Q1 Q5
15-year survival 43% 61%
50% survival (yrs) 13.5 >16.5

Q1 Q5
15-year survival 27% 41%
50% survival (yrs) 9.5 13.5







Approximately 70% higher risk of CVD comparing bottom 20% to 
top 20% of samples.



Does including mtDNA-CN in the ACC/AHA risk score improve 
sensitivity and specificity for initiating statin therapy?

Excluded individuals whose risk score would not impact therapy decisions based on the 2013 ACC/AHA guidelines 
(i.e., prevalent CVD, age >75 years, prevalent diabetes, LDL≥190, or LDL<70)

Overall, a net of 15 individuals with events were appropriately upclassified, and 221 
individuals without events were appropriately downclassified. 

Using a hard cutoff of 7.5% 10-year CVD risk for starting statin therapy, a net of 6 additional 
individuals would appropriately take a statin, and 139 would be appropriately not 
recommended to take a statin.



Conclusions

• mtDNA-CN is a novel independent risk factor for 
aging-related disease (frailty, mortality, CVD, SCD), 
with potential clinical utility (CVD)

• Mendelian Randomization is suggestive for 
causality – important when considering drug 
therapy for patients
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