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Guralnik et al. 1995 NEJM

Functional performance predicts disability

https://www.nejm.org/doi/full/10.1056/NEJM199503023320902


… and mortality

Guralnik et al. 1994 JGMS 

https://pubmed.ncbi.nlm.nih.gov/8126356/


Guralnik et al. 2006 JGMS

Childhood social class predicts midlife function

https://academic.oup.com/biomedgerontology/article/61/7/694/822641
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1. Geroscience & the life course

2. Early-life origins of individual differences in the pace of aging in 
midlife adults

3. Molecular measurement of pace of aging from DNA methylation

4. Implications & Opportunities
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Kennedy et al. 
2014 Cell

Aging is a biological process
a gradual and progressive decline in system integrity

Lopez-Otin et al. 
2013 Cell

Kirkwood 2005
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Evolving theoretical models of aging

Accelerated	Aging

Disease	à Disability/Frailty	à Death

Early-life	Adversity

Belsky et al. 2015 PNAS
Moffitt, Belsky et al. 2016 J Geron A Med Sci
Belsky et al. 2017 Aging Cell
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Can we observe the process of aging in 
young, healthy humans?



The Pace of Aging

Aging is characterized by a gradual and progressive decline in 
system integrity 

The rate of aging can be inferred from the rate of decline in 
integrity across multiple organ systems 

Belsky et al. 2015 PNAS

https://www.pnas.org/content/112/30/E4104
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Measure 18 organ-system-
integrity indicators at 3 
time points 

Model change over time: 
Do young, healthy bodies 
show signs of aging? 

Build composite of slopes of 
change across 18 indicators: 
“The Pace of Aging”

1 2 3

Belsky et al. 2015 PNAS

The Pace of Aging

https://www.pnas.org/content/112/30/E4104
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Faster Pace of Aging associated with poor 
physical function, cognitive decline, facial aging

Belsky et al. 2015 PNAS

https://www.pnas.org/content/112/30/E4104
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Early-life risks predict accelerated Pace of Aging

Belsky et al. 2017 Aging Cell
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https://onlinelibrary.wiley.com/doi/full/10.1111/acel.12591
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DunedinPoAm predicts morbidity & mortality 
in older adults

Belsky et al. 2020 eLife

Normative
Aging
Study

https://elifesciences.org/articles/54870
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Faster DunedinPoAm predicts deficits in 
function at age 45 years

Belsky et al. 2020 eLife

https://elifesciences.org/articles/54870
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DunedinPoAm is accelerated in young adults 
exposed to early-life adversity

Belsky et al. 2020 eLife

https://elifesciences.org/articles/54870
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Raffington et al. 2020 BioRxiv

DunedinPoAm is accelerated in children and 
adolescents exposed to early-life adversity

Texas Twin Project
Saliva-DNAm analysis

https://www.biorxiv.org/content/10.1101/2020.06.04.134502v1
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Implications & Opportunities

• Processes of aging that compromise function and drive disability 
are ongoing from early in life 

• Prevention and intervention should begin early

• Molecular measures of the pace of aging make it possible to 
observe aging processes in real time

• Etiology

• Evaluation of intervention effectiveness

• Surveillance to monitor population trend

Code to implement DunedinPoAm in Illumina 450k or EPIC array data at 
https://github.com/danbelsky/DunedinPoAm38

https://github.com/danbelsky/DunedinPoAm38


Thank you!


