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Website: https://moffittcaspi.trinity.duke.edu/dunedinpace 

DunedinPACE is a biomarker that measures the pace of aging. It is designed to function as a 

speedometer for aging, offering a single-timepoint measurement of how fast a person is now 

aging. DunedinPACE is published (Belsky et al. 2022 eLife) and code to compute it in DNA 

methylation data is available on GitHub, https://github.com/danbelsky/DunedinPACE. The code 

is also included in BioLearn. 

History: The Duke/Dunedin team modelled the Pace of Aging using multiple assessment waves 

of multiple biomarkers in 2015. We then updated and improved the Pace of Aging in 2021 by 

adding an additional wave of data. We also realized that few other research teams could adopt 

the approach, because they lack three or more waves of multiple biomarkers across the whole 

body. So, we translated the Pace of Aging into a DNAmethylation version that can be derived 

from one blood draw. We published our paper on the DNAm version in 2020 (Belsky et al eLife 

2020) and updated in 2022 (Belsky et al. ELife 2022. We reported how to measure the Pace of 

Aging using DNAmethylation data, calling the measure DunedinPACE for “Pace of Aging 

Calculated in the Epigenome.” We have also translated the Pace of Aging into a brain MRI 

version that can be derived from one MRI brain scan image, calling the measure DunedinPACNI 

for “Pace of Aging Calculated in a Neuro-Image” (report coming in 2024). 

Five design advantages distinguish this measure from others:  

First, DunedinPACE was derived on a cohort of people who were all born the same year. To 

date this design feature is unique in the world of aging measures. This is an advantage because 

DunedinPACE has no noise from historical differences in exposure to factors that in multi-age 

samples alter the participants’ body or their epigenome. People who were born earlier or later 

differ on exposure to things like influenza epidemics, leaded gasoline, vaccines, anti-biotics and 

anti-inflammatory medications, air-conditioning, indoor plumbing, birth control, fruits and 

vegetables in winter, years of education, and more. Other bio-age measures derived on people 

who have different birth years contain some of this exposure noise.  

Second, DunedinPACE was derived from 19 biomarkers ascertained longitudinally at ages 26, 

32, 38, and 45, comprising 69,715 data points. This longitudinal design tracks true unidirectional 

decline that is correlated across organ systems as age advances. This is an advantage because 

DunedinPACE has no noise from short term illnesses or infections that could elevate a 

biomarker temporarily. Other bio-age measures are typically derived from only one cross-

section of data and thus contain some noise from spells of sickness. 

Third, DunedinPACE was derived in a cohort of healthy adults studied up to age 45. This is an 

advantage because DunedinPACE has no noise from late-life diseases such as diabetes, heart 

disease, kidney disease, dementia, or cancers, because these diseases have not yet onset in 

the Dunedin cohort. Other bio-age measures are typically derived from samples in which many 

of the older members already have chronic diseases that alter their body and epigenome. 

https://github.com/danbelsky/DunedinPACE
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Fourth, DunedinPACE was derived in a midlife cohort for which attrition by death has been 

minimal; under 3%. This is an advantage because of “survivor bias.” Other bio-age measures 

are typically derived from samples in which the many of the older members are missing due to 

death. In multi-age samples, the youngest participants can be sampled from all people born 

their year, but the older participants can only be sampled from the subset of those left alive. The 

fastest agers will have already died, which reduces the potential range of scores on any bioage 

measure. Thus, in other bio-age measures, the young versus old participants differed from each 

other on some noise factors that are not aging.  

Fifth, DunedinPACE was derived from a pool of DNA methylation probe sites that were pre-

selected to have strong test-retest reliability. Unreliable probe sites were excluded from 

DunedinPACE. Most methylation prob sites are unreliable, which adds noise to DNAm bioage 

measures. Other bioage measures offset this noise after the fact, by deriving principal factors.  

EXPORTING DUNEDINPACE TO THE FIELD: We posted the DunedinPACE algorithm on 

Github. Since then, to our delight, the research community has embraced the measure. Here 

are a few of the major recent advances:  

1. We first exported our original version published in 2020, called DunedinPoAm, to the NIA-

funded Health and Retirement Study (HRS), a large open-access data source for the aging 

research community. The HRS made the measure publicly available to the field in 2021. We 

count 26 publications by HRS data users already. More are known to be in the pipeline.  

2. We subsequently exported to the HRS our new, improved version published in 2022, called 

DunedinPACE.  To date, the HRS team have been using it and publishing with it (for example, 

Faul et al. 2023). We expect the HRS to make DunedinPACE public soon for other users.  

3. We exported DunedinPACE to NHANES, who will make it publicly available to their users 

soon. We also exported DunedinPACE to the UK Understanding Society cohort, which will 

make it public for users. These are large open-access data sources for the research community. 

4. We posted the algorithm for DunedinPACE on Github, along with meta-data to help users. 

We offer tech support, but it is easy to use. (NOTE: as the Illumina company who provides 

DNAmethylation arrays has updated from their 450k to EPIC1 to EPIC2, we have updated the 

Github algorithm. It automatically works with data created from any of those Illumina platforms.) 

5.   52 large epidemiological cohort studies in 15 countries are now using DunedinPACE, 

including, in alphabetical order:  The Alzheimer disease neuroimaging initiative (ADNI), AHAB, 

ALSPAC UK, ASPREE Study Australia, Austrian Stroke Prevention Study, BeCOME Germany, 

Baltimore Longitudinal Study of Aging (BLSA), CALERIE, Canadian longitudinal study on aging 

(CLSA), CARDIA, Cebu Longitudinal Health and Nutrition Survey (CLHNS Philippines), Child 

Health and Development Study, Dutch Hunger Winter Study, E-Risk Longitudinal Twin Study 

UK, FACHS (African American families), FinnTwin, Finnish Twin Study on Aging FITSA, 

Framingham Offspring Cohort, Fragile Families, Future of Families and Child Wellbeing 

(FFCW), Generation Scotland, German Socioeconomic Panel Study (SOEP-Gene), Grady 

Trauma Project, HANDLE (NIA’s intramural study), Health and Retirement Study (HRS), KORA 

(Cooperative Health Research in the Region Augsburg study), Leiden Longevity Study, Lothian 

Birth cohort, Melbourne Collaborative Cohort Study Australia, MESA, MIDUS, National Heart, 

Lung, and Blood Institute Growth and Health Study (NGHS, 1992), NHANES, Normative Aging 

Study, Northern Finland 1966 birth cohort, Norwegian MOBA, Penn State Child Health Study, 
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REWARD Study in Wisconsin, Rotterdam Study, Sister Study, SOEPG Germany, Strong Heart 

Study of Native American Indians, Swedish Adoption/Twin Study of Aging, Swiss Family Study, 

Taiwanese Biobank, The Texas Twin Study, TILDA Ireland, Thinking and Living with Cancer 

(TLC) Study, UK Household Longitudinal Study, UK Understanding Society, Veterans 

Administration Post-Deployment Mental Health Study (PDMH), Women’s Health Initiative, plus 

others.  

 

STUDIES VALIDATING DUNEDINPACE AS A USEFUL MEASURE OF WHOLE-BODY 

AGING: 

6. Other research teams have already published 124 reports of new findings from these 

data sets since 2021 (these reports are not from our team).  

7.  We ourselves have published 24 reports with findings using our measures of the pace of 

aging. As an example, we reported that faster DunedinPACE distinguishes long-term cannabis 

users from recreational users in the Dunedin cohort (Meier et al. 2022, Lancet Healthy 

Longevity).  As another example, people with more education have slower DunedinPACE, after 

controls for genetic confounds (Sugden et al. 2023, J of Gerontology).   

8. Replication and robustness. Our publications have generally replicated findings by using 

one or more of the data sets that now include DunedinPACE; we often report multi-study 

publications. Our paper announcing DunedinPACE reported validation in 5 data sets (Belsky et 

al 2022, eLife). As another example, we reported that faster DunedinPACE distinguishes 

Alzheimer dementia patients in 2 cohorts, ADNI and the Framingham Heart Study (Sugden et 

al. 2022, Neurology). We also reported that people with more education have slower 

DunedinPACE, after controls for genetic confounds, in 5 cohorts (Sugden et al. 2023, J of 

Gerontology). Other replication papers show that DunedinPACE relates to MRI-measured brain 

structure in 3 cohorts (Whitman et al. 2023 Neurobiology of Aging) and to schizophrenia in 5 

case-control studies (Caspi et al. 2023 Biological Psychiatry). 

9. Comparison to clocks: Overall, findings have shown that DunedinPACE routinely 

outperforms the Horvath, Hannum, and PhenoAGE clocks, and typically performs on par with 

the GrimAGE clock. DunedinPACE outperformed the GrimAGE clock on some analyses of 

cognitive decline and Alzheimers dementia, but this comparison is early days yet.  

10. Ethnic ancestry: DunedinPACE was originally trained on white New Zealanders, but it is 
being reported on groups of other ancestries.  Yin (2023) reported in the Taiwanese Biobank 
that DunedinPACE is faster in Han Chinese who have multimorbid physical illnesses. Boyer et 
al (2023) reported DunedinPACE findings in Native American Indians. Overall, published 
findings in African Americans are looking similar to those in Whites, as shown in the FACHS, 
HANDLE, Future of Families and Child Wellbeing (FFCW), MIDUS, National Heart, Lung, and 
Blood Institute Growth and Health Study (NGHS 1992), and HRS data sets, as well as the 
Veterans Administration Post-Deployment Mental Health Study (PDMH), which is 50% African 
American. Krieger et al. studied DunedinPoAm in Black, Hispanic, and white ethnicity with 
respect to racialized and economic injustice in MESA. One report from HRS found that 
DunedinPACE did not serve as a mediator variable as well in Black males as it did in White 
males (Avila-Rieger et al. 2022).  
 
11. Children: DunedinPACE was originally trained on people age 45, but overall, published 
findings show DunedinPACE is relevant for studies of children and adolescents: E-Risk, 



4 
 

ALSPAC, FinnTwin, PennState Child Health Study, Texas Twins, Quebec Longitudinal Study of 
Child Development, Future of Families and Child Wellbeing (FFCW), and others. More data are 
needed to understand interpretation of scores in children. (NOTE: some child studies used 
buccal/saliva as the source of DNA, whereas DunedinPACE was trained on venous blood as 
the source of DNA.)  

12. Older adults: DunedinPACE was trained on people age 45, but it is proving relevant for 
studies of older adults: BLSA, Framingham, HANDLE, HRS, MESA, NAS, TILDA, UK 
Understanding Society, Finnish Twin Study on Aging FITSA, Canadian longitudinal study on 
aging CLSA, 1958 British Birth cohort, Lothian birth Cohorts, Swedish Adoption/Twin Study of 
Aging, Rotterdam Study, Leiden Longevity Study, Women’s Health Initiative, and others.  
 
13. Predicting endpoints: Faster DunedinPACE has been shown to statistically predict 
endpoint indicators including functional and cognitive decline, frailty, disease multimorbidity, and 
mortality (age at death) in AHAB, BLSA, Framingham, Generation Scotland, HANDLE, HRS, 
Melbourne Collaborative Cohort Study, MESA, NAM, UK Understanding Society, FITSA, 
Taiwanese Biobank, Rotterdam Study, Leiden Longevity Study, Lothian birth cohort, Women’s 
Health Initiative, and others.  
 

14. Predicting diagnosed dementia: Faster DunedinPACE has been reported to predict 
ADRD and Mild Cognitive Impairment in ADNI and Framingham (Sugden et al, 2022), and 
cognitive decline (Elliot et al. 2021; Reed et al. 2022). Another study did not find this (Schäfer 
Hackenhaar, et al. 2023).  

 

15. Risk factors for fast aging: DunedinPACE has been shown to be accelerated in people 

who experienced psycho-social adversity and deprivation in ALSPAC, BLSA (Baltimore 

Longitudinal Study of Aging), E-Risk Longitudinal Twin Study UK, FACHS (African American 

families study), Future of Families and Child Wellbeing (FFCW), Generation Scotland, HANDLE 

(NIA’s intramural study), HRS, MESA, NHANES, Normative Aging Study, the Sister Study, 

Swiss Family Study, The Texas Twin Study, TILDA (Ireland), UK Understanding Society, 

Canadian longitudinal study on aging (CLSA), Grady Trauma Project, Taiwanese Biobank, 

Veterans Administration Post-Deployment Mental Health Study, and five schizophrenia case-

control studies, plus other studies.  

16. Sensitivity of DunedinPACE to detecting short-term change: DunedinPACE has been 

reported to slow in response to lifestyle changes that beneficially affect aging biology in FACHS 

and CALERIE.  DunedinPACE has also slowed after successful treatment for insomnia. 

DunedinPACE was sensitive to a drug intervention in ClockBASE. It has been shown to speed 

up under conditions of stress in FACHS, and under conditions of bio-stress in three clinical 

datasets reported by Gladyshev et al. 2023. This set of findings is important because it shows 

that DunedinPACE can be sensitive to detecting change, and that it can be repeated as a 

before-after measure on a time-span of weeks to quantify short-term change in the pace of 

biological aging. But this is early days and much more research is needed to confirm.  

17. Idan Shalev reports that most epigenetic sites are unstable, except those in Dunedin PACE 

(and in PC clocks). https://www.tandfonline.com/doi/full/10.1080/15592294.2023.2230686 

18. Clockbase: Many studies that have derived DunedinPACE have joined ClockBASE, an 

open access computational biology data repository: http://gladyshevlab.org:3838/ClockBase/. 

https://www.tandfonline.com/doi/full/10.1080/15592294.2023.2230686
https://urldefense.com/v3/__http:/gladyshevlab.org:3838/ClockBase/__;!!OToaGQ!ufdlu1ChmDw65MWPEFB43WnqzvUaOOO0qAPEjk_VlyKHEeVkRs4BfnFJkqRFJcNTTiS1kRTKi8FYpgcXmDhIBI55zWdO$
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Ying, K., Tyshkovskiy, A., Trapp, A., Liu, H., Moqri, M., Kerepesi, C., & Gladyshev, V. N. 

(2023). ClockBase: a comprehensive platform for biological age profiling in human and 

mouse. bioRxiv, 2023-02. 

19. Biolearn  https://bio-learn.github.io/, is an open source library to help with calculating any 

composite biomarker of aging on any molecular data. This library will standardize all the public 

biomarker formulations, including the collection of epigenetic clocks standardized by Morgan 

Levine/Albert Higgins-Chen's (methylCIPHER) and Vadim Gladyshev’s (ClockBase) groups as 

well as the blood biomarkers standardized by Daniel Belsky’s group (BioAge). At the same time, 

Biolearn will harmonize public and private molecular datasets commonly used for biomarker 

validation.  Biolearn is scientifically and financially supported by Biomarkers of Aging 

Consortium and Methuselah Foundation. 

Ying, Kejun, Seth Paulson, Martin Perez-Guevara, Mehrnoosh Emamifar, Maximiliano 
Casas Martínez, Dayoon Kwon, Jesse R. Poganik, Mahdi Moqri, Vadim N. Gladyshev, (2023) 
Biolearn, an open-source library for biomarkers of aging. BioRxiv, 4 Dec 2023 
https://www.biorxiv.org/content/biorxiv/early/2023/12/04/2023.12.02.569722.full.pdf 

 

20. TruDiagnostic report (Licensed Feb 2021).  

https://drive.google.com/file/d/1ZXdQhc8io9InMypjbr6C-Ml1BC-hPugy/view 

21. Everything Epigenetics podcast by Hannah Went: 

https://everythingepigenetics.com/episode/dr-terrie-moffitt-how-fast-are-you-aging-really-

dunedinpace/ 

 

22. Bryan Johnson’s Blueprint for slowing aging and Rejuvenation Olympics lederboard 
features DunedinPACE.  
https://www.lifespan.io/news/bryan-johnsons-race-against-time/ 
https://blueprint.bryanjohnson.co/ 

https://rejuvenationolympics.com/ 

TIME magazine feature story on Bryan Johnson.  

https://time.com/6315607/bryan-johnsons-quest-for-immortality/ 

Men’s Health tested three aging tests, including DunedinPACE. 

https://www.aol.com/lifestyle/fast-am-really-aging-took-191900851.html 

 
23. Youtube: LifeNoggin video: Body secrets 

https://www.youtube.com/watch?v=kcxdSt-wYsM 

24. Application in geroprotection clinical trials:  

https://www.newsobserver.com/press-releases/article277627968.html 

https://www.youngplasmastudy.com/ 

https://www.youtube.com/@dianginsbergmd-optimalhealth 

 

25. Nature Biotech: https://www.nature.com/articles/d41587-023-00008-6 

https://urldefense.com/v3/__https:/bio-learn.github.io/__;!!OToaGQ!vc0oC1Kk9jGVgy4suOQVgs2uWbPjULqmb0zpu0jlbU_-ASjogfpoqatDFwvGA1yve-POvZq_yRx1mCksJZzFtMD_t68Q$
https://urldefense.com/v3/__https:/www.biorxiv.org/content/10.1101/2022.07.13.499978v1__;!!OToaGQ!vc0oC1Kk9jGVgy4suOQVgs2uWbPjULqmb0zpu0jlbU_-ASjogfpoqatDFwvGA1yve-POvZq_yRx1mCksJZzFtNriyc4C$
https://urldefense.com/v3/__https:/www.clockbase.org/__;!!OToaGQ!vc0oC1Kk9jGVgy4suOQVgs2uWbPjULqmb0zpu0jlbU_-ASjogfpoqatDFwvGA1yve-POvZq_yRx1mCksJZzFtFs-h6jl$
https://urldefense.com/v3/__https:/pubmed.ncbi.nlm.nih.gov/34725754/__;!!OToaGQ!vc0oC1Kk9jGVgy4suOQVgs2uWbPjULqmb0zpu0jlbU_-ASjogfpoqatDFwvGA1yve-POvZq_yRx1mCksJZzFtJZkEhzv$
https://www.agingconsortium.org/
https://www.agingconsortium.org/
https://www.mfoundation.org/
https://www.biorxiv.org/content/biorxiv/early/2023/12/04/2023.12.02.569722.full.pdf
https://drive.google.com/file/d/1ZXdQhc8io9InMypjbr6C-Ml1BC-hPugy/view
https://everythingepigenetics.com/episode/dr-terrie-moffitt-how-fast-are-you-aging-really-dunedinpace/
https://everythingepigenetics.com/episode/dr-terrie-moffitt-how-fast-are-you-aging-really-dunedinpace/
https://www.lifespan.io/news/bryan-johnsons-race-against-time/
https://blueprint.bryanjohnson.co/
https://urldefense.com/v3/__https:/rejuvenationolympics.com/__;!!OToaGQ!uEbof32K2BmkiAAQMFvpq-0VbhyB1NgpQL7BcVqXXGpgAshcXjsXVAl3xuamSOMQ7HGe_PG9i9BdigAxl0raeC0AYw$
https://time.com/6315607/bryan-johnsons-quest-for-immortality/
https://www.aol.com/lifestyle/fast-am-really-aging-took-191900851.html
https://www.youtube.com/watch?v=kcxdSt-wYsM
https://www.youngplasmastudy.com/
https://stats.newswire.com/x/html?final=aHR0cHM6Ly93d3cueW91dHViZS5jb20vQGRpYW5naW5zYmVyZ21kLW9wdGltYWxoZWFsdGg&sig=9EJxka_Bs36FF7nmNckzXFSw0VphzudKa8uovzYPRtgrygYoBqRp0QMF9xy2bAXKEo3yzOHa1PQ9rU-2C2G5TA&hit%2Csum=WyIzeXJ4eDUiLCIzeXJ4eDYiLCIzeXJ4d3ciXQ
https://www.nature.com/articles/d41587-023-00008-6


6 
 

REFERENCE LIST:  
Literature reporting findings up to the date of this report for the DunedinPACE  Pace of Aging 

measure (or prior version, PoAm):  

 

The name of the dataset is below each citation.  

 

Correlates reported are in bold.  

 

 
PUBLICATIONS FROM THE HEALTH AND RETIREMENT STUDY (USA) 
 
Faul JD. et al. and Crimmins, RM (2023) Epigenetic-based age acceleration in a representative 
sample of older Americans: Associations with aging-related morbidity and mortality, PNAS. 
https://doi.org/10.1073/pnas.2215840120 
The Health and Retirement Study (HRS) 
 
Crimmins, E. M., Thyagarajan, B., Levine, M. E., Weir, D. R., & Faul, J. (2021). Associations of 

age, sex, race/ethnicity, and education with 13 epigenetic clocks in a nationally representative 

US sample: the Health and Retirement Study. The Journals of Gerontology: Series A, 76(6), 

1117-1123. 

HRS 

 

Rentscher, Kelly E., Eric T. Klopack, Eileen M. Crimmins, Teresa E. Seeman, Steve W. Cole, 
Judith E. Carroll, Social relationships and epigenetic aging in older adulthood: Results from 
the Health and Retirement Study, Brain, Behavior, and Immunity, Volume 114, 2023, Pages 
349-359, ISSN 0889-1591, https://doi.org/10.1016/j.bbi.2023.09.001. 
https://www.sciencedirect.com/science/article/abs/pii/S0889159123002660 
HRS 
 

Meier, H.C.S., Mitchell, C., Karadimas, T. et al. Systemic inflammation and biological 

aging in the Health and Retirement Study. GeroScience (2023). 

https://doi.org/10.1007/s11357-023-00880-9  

HRS 
 

Bao, Y., Gorrie-Stone, T., Hannon, E., Hughes, A., Andrayas, A., Neilson, G., ... & Kumari, M. 

(2022). Social mobility across the lifecourse and DNA methylation age acceleration in adults in 

the UK. Scientific Reports, 12(1), 22284. 

HRS 

 

Collins, S., Meier, H., & Faul, J. (2021). Normalized grip strength is inversely associated with 

DNAm age in middle age and older adults. Innovation in Aging, 5(Suppl 1), 975. 

HRS 

 

Kusters, C., Klopack, E., Crimmins, E., Seeman, T., Cole, S., & Carroll, J. (2022). Short sleep 

and insomnia are associated with accelerated epigenetic age. Innovation in Aging, 6(Suppl 1), 

363. 

HRS 

 

https://doi.org/10.1073/pnas.2215840120
https://www.sciencedirect.com/science/article/abs/pii/S0889159123002660
https://doi.org/10.1007/s11357-023-00880-9
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Kim, E. S., Nakamura, J. S., Strecher, V. J., & Cole, S. W. (2023). Reduced Epigenetic Age in 

Older Adults With High Sense of Purpose in Life. The Journals of Gerontology: Series A, 

glad092. 

HRS 

 

Yannatos, I., Stites, S., Brown, R. T., & McMillan, C. T. (2023). Contributions of neighborhood 
social environment and air pollution exposure to Black-White disparities in epigenetic aging. 
Plos one, 18(7), e0287112. 
HRS 
 
Hillmann, A. R., Dhingra, R., & Reed, R. G. (2023). Positive social factors prospectively 
predict younger epigenetic age: Findings from the Health and Retirement Study. 
Psychoneuroendocrinology, 148, 105988. 
HRS 
 

Andrasfay, Theresa & Eileen Crimmins (2023) Occupational characteristics 
and epigenetic aging among older adults in the United States, Epigenetics, 18:1, 2218763, DOI: 
10.1080/15592294.2023.2218763 
HRS 
 
Yu, Y.-L. (2023). Current Marital Status and Epigenetic Clocks Among Older Adults in the 

United States: Evidence From the Health and Retirement Study. Journal of Aging and Health, 

35(1–2), 71–82. https://doi.org/10.1177/08982643221104928 

HRS 

 

Avila-Rieger, Justina, Indira C. Turney, Jet M.J. Vonk, Precious Esie, Dominika Seblova, 
Vanessa R. Weir, Daniel W. Belsky, Jennifer J. Manly (2022).  Socioeconomic Status, Biological 
Aging, and Memory in a Diverse National Sample of Older US Men and Women.  
Neurology 99 (19) e2114-e2124;  DOI: 10.1212/WNL.0000000000201032  
HRS 

 

Graf Gloria H, Christopher L Crowe, Meeraj Kothari, Dayoon Kwon, Jennifer J Manly, Indira C 

Turney, Linda Valeri, Daniel W Belsky, Testing Black-White Disparities in Biological Aging 

Among Older Adults in the United States: Analysis of DNA-Methylation and Blood-Chemistry 

Methods, American Journal of Epidemiology, Volume 191, Issue 4, April 2022, Pages 613–625, 

https://doi.org/10.1093/aje/kwab281 

HRS 

 

Graf Gloria Huei-Jong, Yalu Zhang, Benjamin W Domingue, Kathleen Mullan Harris, Meeraj 

Kothari, Dayoon Kwon, Peter Muennig, Daniel W Belsky, (2022). Social mobility and biological 

aging among older adults in the United States, PNAS Nexus, Volume 1, Issue 2, pgac029, 

https://doi.org/10.1093/pnasnexus/pgac029 

HRS 

 

Korous, Kevin M, Agus Surachman, Charles R. Rogers, Adolfo G. Cuevas, 

Parental education and epigenetic aging in middle-aged and older adults in the United States: 

A life course perspective, Social Science & Medicine, 2023, 116173, ISSN 0277-9536, 

https://doi.org/10.1016/j.socscimed.2023.116173. 

https://doi.org/10.1177/08982643221104928
https://doi.org/10.1093/aje/kwab281
https://doi.org/10.1093/pnasnexus/pgac029
https://doi.org/10.1016/j.socscimed.2023.116173
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HRS 

 

Nakamura, Julia S., Cherise Kwok, Andrew Huang, Victor J. Strecher, Eric S. Kim, Steven W. 

Cole.  (2023) Reduced epigenetic age in older adults who volunteer. 

Psychoneuroendocrinology.  

HRS 

 

Kelly E. Rentscher, Eric T. Klopack, Eileen M. Crimmins, Teresa E. Seeman, Steve W. Cole, 
Judith E. Carroll  (in review). Lower Social Support is Associated with Accelerated Epigenetic 
Aging: Results from the Health and Retirement Study 
medRxiv 2022.06.03.22275977; doi: https://doi.org/10.1101/2022.06.03.22275977  
HRS 

 

Eric T. Klopack, Eileen M. Crimmins, Steve W. Cole, Teresa E. Seeman, Judith E. Carroll, 

Accelerated epigenetic aging mediates link between adverse childhood experiences and 

depressive symptoms in older adults: Results from the Health and Retirement Study, 

SSM - Population Health, Volume 17, 2022, 101071, ISSN 2352-8273, 

https://doi.org/10.1016/j.ssmph.2022.101071. 

HRS 

Schmitz, Lauren L. & Duque, Valentina (2022). In-utero exposure to the Great Depression is 
reflected in late-life epigenetic aging signatures. PNAS, 119 (46) e2208530119 
https://doi.org/10.1073/pnas.2208530119 
HRS 

 

Wang, Herong, Kelly M. Bakulski, Freida Blostein, Brittany R. Porath, John Dou, 
Cesar Higgins Tejera, Erin B. Ware (in review). Depressive symptoms are associated with 
DNA methylation age acceleration in a cross-sectional analysis of adults over age 50 in the 
United States. https://www.medrxiv.org/content/10.1101/2023.04.24.23289052v1.full.pdf 
HRS 
 

Peterson, Mark D. Stacey Collins, Helen C.S. Meier, Alexander Brahmsteadt, Jessica D. Faul 
(2022). Grip strength is inversely associated with DNA methylation age acceleration. J of 
Cachexia, sarcopenia, and muscle. https://doi.org/10.1002/jcsm.13110 
HRS 
 
Das, A. Retirement and Epigenetic age Acceleration Among Older U.S. Adults. Adaptive 
Human Behavior and Physiology (2023). https://doi.org/10.1007/s40750-023-00221-2 
HRS 
 
Zhang, A., Zhang, Y., Meng, Y. et al. Associations between psychological resilience and 
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Epigenetic clocks have taken gerontology by storm. With the advent of 2nd and 3rd generation 

epigenetic clocks, including GrimAge and DunedinPACE, the field now has genomic biomarkers 

of aging that exhibit strong and consistent associations with aging-related morbidity and 

mortality. But the causes of variation in these powerful indices of aging-related biological 

changes remain poorly understood. In this symposium, we present four studies at the vanguard 

of research to elucidate causal drivers of 2nd and 3rd generation epigenetic clocks drawn from 

four disciplines. From life-course epidemiology, we present a natural-experiment study of the 

long-term impact of in-utero famine exposure. From economics, we present a quasi-natural 

experiment study of long-term impacts of early-life exposure to the Great Depression. From 

psychology, we present results from a randomized controlled trial (RCT) of cognitive behavioral 

https://www.pnas.org/content/118/3/e2010211118
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therapy (CBT) for insomnia in older adults. And from geroscience, we present results from an 

RCT of long-term calorie restriction in healthy, non-obese adults (CALERIE). These studies 

report novel and important findings that suggest early-life adversity acts to accelerate the pace 

of biological aging –and— that it may be possible to slow the pace of biological aging in mid- 

and later-life through behavioral intervention. They also illustrate study designs and methods 

that can help move the field forward as costs for measurement of epigenetic clocks fall, enabling 

their introduction into many more cohort and intervention studies. 

 

Brief description:  

DunedinPACE is a biomarker that measures the human pace of aging. It is designed to function 

as a speedometer for aging, offering a single-timepoint measurement of how fast a person is 

now aging. Co-inventors are Daniel Belsky (of Columbia University), Terrie Moffitt, Avshalom 

Caspi, and Karen Sugden (of Duke University), and David Corcoran (of UNC Chapel Hill). 

DunedinPACE is published (Belsky et al. 2022 eLife) and code to compute it in DNA methylation 

data is available on GitHub. The code is also included in BioLearn.  Code is appropriate for 

EPIC2 DNAm datasets. Dunedin PACE has now been validated in more than 50 large cohorts, 

including older adults and children, in more than 15 countries, and more than 5 ethnic ancestry 

groups. Five design advantages distinguish this measure from others: First, DunedinPACE was 

derived on a cohort of people who were all born the same year; it has no noise from differences 

in historical exposures that in multi-age samples alter the participants’ bodies or their 

epigenomes. Second, DunedinPACE was derived from 19 multi-organ biomarkers ascertained 

longitudinally at ages 26, 32, 38, and 45, comprising 69,715 data points; it has no noise from 

short term sicknesses that could elevate a biomarker temporarily. Third, DunedinPACE was 

derived in a cohort of healthy adults studied up to age 45; it has no noise from late-life chronic 

diseases such as diabetes, heart disease, kidney disease, dementia, or cancer (or 

medications), because these diseases have not yet onset in the Dunedin cohort. Fourth, 

DunedinPACE was derived in a midlife cohort for which attrition by death has been under 3%; it 

has no noise from “survivor bias” in which the fastest aging older participants aren’t studied 

because they already died. Fifth, DunedinPACE was derived from a pool of DNA methylation 

probe sites that were pre-selected to have strong test-retest reliability, yielding reliability over 

.90 for DunedinPACE. More than 150 publications have reported DunedinPACE. 

 

 

 

 

 

 


