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What is aging?
• “Aging” refers to a set of processes which occur in an 

organism over time, most of which involve the 
accumulation of diverse and deleterious changes in 
cells and tissues that increase the likelihood of disease 
and death.

• Aging changes can be attributed to: (1) developmental 
and genetic defects, (2) the environment, (3) disease 
processes, and (4) to an inherent process, referred to 
as the aging process.

• It is important to distinguish an organism’s biological, 
or ”true” age from their chronological age.

Harman, 2001



Biological measures of aging
• Telomere length
• Grip strength
• Gum health
• Lung function,
• HbA1C levels
• Mean arterial pressure
• White blood cell count
• Cell membrane viscosity
• Corneal endothelial thickness 
• Cholesterol levels 
• Cytomegalovirus optical density

Cole 2019, Molecular Psychiatry



Measures of brain aging

• Macroscopic
– Enlarged ventricles
– Cortical thinning
– White matter 

hyperintensities

• Cellular
– Synaptic pruning
– Axonal loss
– Mitochondrial changes,
– Alterations to glial cell 

numbers

• Molecular
– Altered gene expression
– Disrupted calcium signaling
– Epigenetic changes

• Behavioral
– Cognitive decline
– Reduced well-being 
– Low mood



Differential trajectories of brain aging



Algorithmic brain age prediction



Algorithmic brain age prediction



Different approaches

• Franke et al. (2010) uses relevance vector 
regression.

• Cole et al. (2015) uses gaussian processes 
regression.

• Multimodal approaches.

• Convolutional neural networks (CNNs).



Brain aging & pathology

Condition Direction Years Citation

Alzheimer’s Disease Increased BA 5 - 10 Franke et al., 2010

At risk for psychosis Increased BA 1 – 2 Koutsoleris et al., 2013

Obesity Increased BA 10 Ronan et al., 2016

Major depression Increased BA 4 Raz et al., 2010

Schizophrenia Incr. BA (sx dep) 1 – 6 (m>f) Schnack et al., 2016

TBI Increased BA 4 - 6 Cole et al., 2015

Bipoloar disorder Decreased BA -1.9 m, -.8 f Nenadic et al., 2017



Protective factors
Factor Direction Years Citation

Meditation Decreased BA -7.5 Franke & Gaser 2019

Being female Decreased BA -3.4 Franke & Gaser 2019

Being a musician Decreased BA -3 to -5 years Franke & Gaser 2019



TBI & dementia

• TBI w LOC increases risk of dementia by 50%.
• TBI patients at greater risk of dementia, and of 

developing it earlier.
• Mechanism may involve TBI induced axonal 

damage, inflammation, & neurodegenerative 
cascade.

• Distribution of white matter abnormalities 
similar in TBI and early AD.



Evidence for accelerated BA in TBI



Cole et al., 2015
• Algorithm trained on T1’s from 1,537 controls.
• Algorithm tested on 99 TBI patients (73 male).



Cole et al., 2015

















Challenges / Future directions
• Currently, brain age algorithms can only detect 

meaningful differences at the group level.

• To be clinically useful, these tools need to reliably 
detect diagnostically significant accelerated brain aging 
at the individual level.

• This may be accomplished through
– Refining the algorithm
– Combining MRI with other measures
– Using higher resolution MRI.


