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Objective of the study: 
 
We propose to study the association of socioeconomic status (SES) during childhood and adulthood with 
health in later life via accelerated biological aging. People who grow up in and/or experience socioeconomic 
disadvantage across the lifespan are less healthy than those with higher SES1-4. One of the ways in which 
socioeconomic disadvantage might translate into poorer health is by accelerating the rate at which people 
biologically age5. People who age more quickly are more likely to accumulate chronic disease, develop 
functional disability, and experience early mortality compared to age peers who do not evidence accelerated 
aging6-8. Several previous studies have shown that both childhood and adult SES are associated with older 
biological age9-11, suggesting accelerated aging could be a mechanism linking low SES with poorer health.  
 
Although a large body of empirical literature has supported the link between lower SES and poor health, less 
is known about the relative contribution of past versus current SES to health in midlife and beyond. 
Determining the relative influence of early life SES compared to SES in later life on biological aging would 
provide context as to which is more relevant to people’s health across the lifespan. Several competing 
models have been proposed to characterize the potential associations12.  

1. Critical period models posit that experiencing low SES during certain times across the lifespan is 
more relevant to health than experiencing low SES at other times. For example, biological 
embedding models12-13 suggest that childhood represents a critical period in which the possible 
health-relevant effects of low SES set people on a course of poor health across the lifespan. 
Alternatively, others models emphasize the important of recency, such that the SES someone 
experienced most recently should be the most critical to their current health.  

2. Cumulative models14-15, also known as accumulation models, emphasize that low SES is equally 
detrimental to health across the lifespan, such that the more life stages during which people 
experience low SES (i.e., the more “dosage” of low SES experienced) the poorer their health.  

3. Sensitization models16-17 suggest that lower SES in both childhood and adulthood are relevant, such 
that experiencing low SES as a child results in particularly poor health outcomes among people who 
go on to experience lower SES as an adult. 

4. Social mobility models18-20 suggest that both where people start, in terms of childhood SES, and 
where they end up in terms of adult SES, are relevant to health. For example, there are theories that 
upward social mobility can actually be harmful to health, given the stress experienced by people 
who do so18-19. Alternatively, there is a theory of downward drift, such that people who decline in 
social status19 might experience declining health.   

Each of these models presents potential testable models and hypotheses that are relevant to understanding 
the associations between health and SES across the lifespan.  
 
Existing longitudinal cohorts that assess both biological aging and SES would allow us to test these models 
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across multiple populations with the power necessary to produce reliable estimates. For biological aging, a 
number of novel methods have been developed over the last decade to assess biological aging21 using 
epigenetic methylation algorithms derived from large training datasets21-23. These methods are notable in 
that they allow for the reliable assessment of biological age at a single time point in any dataset that 
includes the relevant methylation data for its participants. Using aging scores derived from such methods 
would allow us to use biological aging data from cohorts—such as the Dunedin Study and Health and 
Retirement Study (HRS)—that extend across large portions of the lifespan. Both the Dunedin Study and HRS 
also include measures of SES in childhood and adulthood. For example, prior studies of childhood and adult 
SES using HRS data have utilized measures of retrospective parental educational attainment and individual 
educational attainment to index childhood and adult SES24-25, respectively. The Dunedin Study has also 
included prospective measures of both parental and individual educational attainment that would match 
these measures of SES from HRS. The combination of HRS and Dunedin data would provide data measures 
of SES across the life course, as well as biological age in midlife and later adulthood.  
 
For the current study, our primary aim is to test which models—critical period, cumulative, sensitization, or 
social mobility models—best characterize the ways in which childhood and adult SES are associated with 
biological age in later life. A secondary aim will be to explore whether observed associations between SES 
and aging are similar or different between subgroups present across the two cohorts, specifically New 
Zealand adults, and Black, White, and Hispanic American adults.  
 
Data analysis methods: 
 
Aim 1: Investigate the association of lower SES—assessed using parental and current educational 
attainment—with more advanced biological age in middle and older age, as assessed by methylated 
measures of biological aging21-23. We predict that lower childhood and adult SES will be independently 
associated with accelerated biological age, in support of a cumulative/accumulation model of SES and 
health.  
 
Aim 2: We will examine the Aim 1 models within different subgroups. We will first compare the results 
between the two cohorts to examine whether there are apparent differences between American and New 
Zealand participants. Second, we will examine the Aim 1 models within racial and ethnic subgroups, 
specifically Black, White, and Hispanic adults.  
 
Sensitivity analysis: Dunedin includes broader measures of SES, which we will use to replicate the Aim 1 
models to test whether results using educational attainment match those using a broader measure of SES.  
 
General analysis methods: The statistical analysis will follow a systematic series of nested models testing 
the presence, timing, and accumulation of exposures to lower SES26-29. The models will use multiple 
regression and a series of parameters that will represent: 1.) the potential of critical periods of lower SES in 
either childhood or adulthood, 2.) a cumulative effect of lower SES, 3.) an interaction of lower SES in 
childhood with lower SES in adulthood, and 4.) social mobility from childhood to adulthood. The use of these 
models will allow us to test which best represent the existing data linking SES to biological age across the 
lifespan. All models will adjust for sex, and those run within HRS will also adjust for age. Participants will be 
included in the analyses if they have data on parental educational attainment, current educational 
attainment, and biological aging scored derived from methylation data. HRS data will be coded to match the 
values from Dunedin for relevant variable (i.e., educational attainment). Separate models will be run for 
each of the five biological age scores within Dunedin and HRS.  
 
Variables needed from Dunedin at which ages: 
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- DNA-methylation measures of biological aging at age 45 
o DunedinPACE at age 45 
o Horvath at age 45 
o Hannum at age 45 
o GrimAge at age 45 
o Levine at age 45 

- Measures of SES 
o Age 45 educational attainment 

 Will be assessed using three categories: less than a high school degree, a high school 
degree (and/or some college), and a secondary/university degree (B.A.).  

o Age 15 parent educational attainment 
 Will use the highest of the parent’s education, divided into three categories: less 

than a high school degree, a high school degree (and/or some college), and a 
secondary/university degree (B.A.). 

o Childhood SES (SESchildhd) 
o Adult SES at age 45 (SESall45) 

- Demographic covariates: Sex 
 
Significance of the Study (for theory, research methods or clinical practice): 
 
Better understanding the association between SES across the lifespan and biological aging in midlife and 
older age would help support intervention efforts to reduce the burden of chronic diseases, disability, and 
early mortality as people age. Determining whether childhood SES or adult SES is more strongly associated 
with biological age would provide more effective potential avenues to intervene to slow the rate at which 
people age, improving health in older age. The results from these analyses would present empirical evidence 
as to the most health-relevant period for socioeconomic disadvantage and evidence as to which models—
critical period, cumulative, sensitization, or social mobility—might best represent the association between 
SES and aging across the life course.   
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