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Objective of the study: 
 
We propose to study the developmental origins of accelerated aging to identify modifiable pediatric health 
conditions associated with accelerated aging in adulthood. International comparative studies have shown 
that the poorer health of older members of countries can largely be explained by a nation’s ill health in early 
life1. Although aging is a distinct construct from physical health, people who age more quickly are also more 
likely to accumulate chronic disease, develop functional disability, and experience early mortality compared 
age peers who do not evidence accelerated aging2-4. The wide array of poor health outcomes associated 
with accelerated aging presents a critical opportunity. Although traditional biomedical models suggest 
targeting people who have already developed disease to improve health, biological aging is a process that 
accumulates across the lifespan. As a result, prevention appears to be the most effective method of 
intervention5. Intervening to slow aging in childhood and early adulthood6 could improve people’s health as 
they age over adulthood and into older age—reducing morbidity, disability, and mortality7-9.  
 
What pediatric interventions would be the most effective in preventing accelerated aging in adulthood? To 
answer this question, we will test the association of four common childhood health conditions—asthma, 
psychopathology, smoking, and obesity—with accelerated aging in midlife. These conditions have high 
population prevalence, high levels of chronicity, peak onset early in life, and most critically, known 
modifiability10-16. The Dunedin Study has tracked these conditions since childhood and has multiple validated 
methods of assessing aging in midlife, making it particularly well suited to our aims. Determining which 
modifiable childhood health conditions are associated with faster aging would provide empirical evidence as 
to which pediatric interventions might slow people’s aging early in the lifespan, prior to the accumulation of 
health consequences in adulthood. 
 
Data analysis methods: 
 
Aim 1: Investigate the association of four childhood risk factors—childhood asthma, smoking, obesity, and 
psychopathology—with accelerated aging in midlife. Accelerated aging will be assessed using the Pace of 
Aging6, facial aging6, brain age17, and gait speed at age 45. These variables will be used to create factor 
scores representing accelerated aging. We will first assess the independent association between each 
childhood risk factor and aging factor scores. Next, we will test the association between the childhood risk 
factors and accelerated aging in a combined multiple regression model. Finally, we will create a sum score 
using risk factors that are significantly associated with midlife aging and test the association between that 
risk score and accelerated aging. We predict that the four childhood risk factors will each be uniquely 
associated with accelerated aging.  
 
Aim 2: We will examine the Aim 1 models while adjusting for childhood covariates—childhood health, SES, 
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and ACEs. The models will first assess the association between each childhood risk factor and the 
accelerated aging factor while adjusting for these covariates. Next, we will examine the association between 
the childhood risk factors and accelerated aging in a combined multiple regression model adjusting for the 
three covariates. We predict that the childhood risk factors will remain associated with accelerated aging. 
 
Sensitivity analysis: We will test the association between the four childhood risk factors and the each 
individual indicator of the accelerated aging factor. We will test the associations independently and in a 
combined model. Pace of Aging results will be used to provide a metric for the size of the associations. 
 
General analysis methods: To create the factor score, the four indicators of aging will be standardized and 
recoded such that higher scores represent relatively faster aging. Principal components analysis will be used 
to create a single factor score that will be exported and used in subsequent analyses. The models testing the 
childhood risk factors will use multiple regression and will adjust for sex. All models will be run in MPLUS18 
using full information maximum likelihood estimation to account for missing data19.  
 
Variables needed at which ages: 

 
- Accelerated aging (factor score will be derived from four indicators of aging) 

o Pace of Aging at 45 
o Gait speed at 45 
o Brain age at 45 
o Facial age at 45 

- Childhood risk factors 
o Obesity status at age 15 
o Daily smoking status at age 15 
o Asthma status at age 15 
o Mental health diagnosis at age 11, 13, or 15 

 ADHD diagnosis at age 11, 13, or 15 
 Conduct disorder diagnosis at age 11, 13, or 15 
 Anxiety disorder diagnosis at age 11, 13, or 15 
 Depressive disorder diagnosis at age 11, 13, or 15 

- Childhood covariates 
o Childhood health 
o Childhood SES 
o Childhood prospective ACEs 

- Demographic covariates: Sex 
 
Significance of the Study (for theory, research methods or clinical practice): 
 
Discovering the developmental origins of accelerated aging in childhood would provide multiple avenues for 
future prevention efforts aiming to reduce the burden of chronic diseases, disability, and early mortality as 
people age. The four childhood risk factors included in this study are relatively common, chronic, have an 
early-peak onset, and most importantly are modifiable. Smoking cessation interventions, cognitive 
behavioral therapies, respiratory therapies, and weight loss interventions can each be used to address these 
common conditions. The results from these analyses would present strong empirical evidence as to the most 
relevant treatable pediatric health conditions that could be treated to prevent accelerated aging and would 
have direct clinical relevance to pediatric treatment prioritization and decision-making.   



 3 

References: 

1. Power, C., Kuh, D., Morton, S. (2013). From developmental origins of adult disease to life course research on 

adult disease and aging: Insights from birth cohort studies. The Annual Review of Public Health, 34, 7-

28. 

2. López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., & Kroemer, G. (2013). The hallmarks of aging. Cell, 

153(6), 1194-1217.  

3. Kaeberlein, M. (2013). Longevity and aging. F1000 Prime Reports, 5, 5.  

4. Kennedy, B. K., Berger, S. L., Brunet, A., Campisi, J., Cuervo, A. M., Epel, E. S., ... & Rando, T. A. (2014). 

Geroscience: Linking aging to chronic disease. Cell, 159(4), 709-713.  

5. Moffitt, T. E., Belsky, D. W., Danese, A., Poulton, R., & Caspi, A. (2017). The longitudinal study of aging in 

human young adults: Knowledge gaps and research agenda. The Journals of Gerontology: Series A, 

72(2), 210-215. 

6. Belsky, D. W., Caspi, A., Houts, R., Cohen, H. J., Corcoran, D. L., Danese, A., ... & Sugden, K. (2015). 

Quantification of biological aging in young adults. Proceedings of the National Academy of 

Sciences, 112(30), E4104-E4110.  

7. Strong, K., Mathers, C., Leeder, S., & Beaglehole, R. (2005). Preventing chronic diseases: how many lives can 

we save?. The Lancet, 366(9496), 1578-1582.  

8. Barzilai, N., Cuervo, A. M., & Austad, S. (2018). Aging as a biological target for prevention and therapy. JAMA, 

320(13), 1321-1322.  

9. Justice, J., Miller, J. D., Newman, J. C., Hashmi, S. K., Halter, J., Austad, S. N., ... & Kirkland, J. L. (2016). 

Frameworks for proof-of-concept clinical trials of interventions that target fundamental aging 

processes. Journals of Gerontology Series A, 71(11), 1415-1423.  

10. Moffitt, T. E., Caspi A, Taylor A, Kokaua J, Milne BJ, Polanzcyk G, et al. (2010). How common are common 

mental disorders? Evidence that lifetime rates are doubled by prospective versus retrospective 

ascertainment. Psychological Medicine, 40, 899-909. 

11. Kim-Cohen, J., Caspi, A., Moffitt, T. E., Harrington, H., Milne, B. J., Poulton, R. (2003). Prior juvenile diagnoses 

in adults with mental disorder: Developmental follow-back of a prospective-longitudinal cohort. 

Archives of General Psychiatry, 60, 709-17. 

12. Chesney, E., Goodwin, G. M., Fazel, S. (2014). Risks of all-cause and suicide mortality in mental disorders: A 

meta-review. World Psychiatry, 13, 153-60. 

13. Lawrence, D., Hancock, K. J., Kisely, S. (2013). The gap in life expectancy from preventable physical illness in 

psychiatric patients in Western Australia: Retrospective analysis of population based registers. British 

Medical Journal, 346, f2539. 

14. Huhn, M., Tary, M., Spineli, L. M., Kissling, W., Forstl, H., Pitschel-Walz, G., et al. (2014). Efficacy of 

pharmacotherapy and psychotherapy for adult psychiatric disorders: A systematic overview of meta-

analyses. JAMA Psychiatry, 71, 706-15. 

15. Preston, S. H., Stokes, A., Mehta, N. K., Cao, B. (2014) Projecting the effect of changes in smoking and obesity 

on future life expectancy in the United States. Demography, 51, 27-49. 

16. Belsky, D. W., Shalev, I., Sears, M. R., Hancox, R. J., Harrington, H., Houts, R. M., et al. (2014). Is chronic 

asthma associated with shorter leukocyte telomere length at midlife? American Journal of Respiratory 

and Critical Care Medicine, Epub. 

17. Elliott, M. L., Belsky, D. W., Knodt, A. R., Ireland, D., Melzer, T. R., Poulton, R., ... & Hariri, A. R. (2019). Brain-

age in midlife is associated with accelerated biological aging and cognitive decline in a longitudinal 

birth cohort. Molecular Psychiatry, 1-10. 

18. Muthén L. K. & Muthén B. O. (1998-2012). Mplus User’s Guide. Seventh Edition. Los Angeles, CA. 

19. Graham, J. W. (2009). Missing data analysis: Making it work in the real world. Annual Review of Psychology, 

60, 549-576. 


