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Introduction 
Parental socioeconomic position during childhood or adolescence is associated with mortality and 
morbidity throughout the life course – this ‘long arm of childhood’ is a persistent empirical finding 
and such inequalities might increase over time (Galobardes, Lynch, and Smith 2004; Hayward and 
Gorman 2004; Martikainen et al. 2020). One of the major proximal biological processes of social-
to-biological transitions, next to inflammatory markers, allostatic load and metabolomics, is the 
epigenetic acceleration of ageing, which can be measured via epigenetic clocks (Duan et al. 2022; 
Fiorito et al. 2022; Vineis et al. 2020). As a measure of biological ageing, modern epigenetic clocks 
have been derived from machine learning approaches that combine tens to thousands of DNA 
methylation sites to predict different age-related measures, such as phenotypic biomarkers, chronic 
diseases, mortality, or the pace of ageing. Such second generation epigenetic clocks are strongly 
predictive of many diseases and mortality (Belsky et al. 2022; Hillary et al. 2020; Levine et al. 
2018; Lu et al. 2019).  
Accelerated epigenetic clocks have been linked to a number of factors in early life such as parental 
socioeconomic position, health-risk behaviours and adverse family environments (Oblak et al. 
2021). Individual behaviours like smoking and alcohol use likely mediate the association between 
parental socioeconomic inequalities and age acceleration (McCrory et al. 2022). Moreover, 
parenting  and other adverse familial factors, such as parental separation and household dysfunction 
(parental mental illness, alcohol misuse, placing a child in out-of-home care), might explain 
parental inequalities in epigenetic ageing (Conger, Conger, and Martin 2010; Jocson and McLoyd 
2015; Mrug et al. 2023). Yet it remains unclear whether intervening on intermediate behavioural 
or family factors could mitigate potential socioeconomic inequalities in accelerated ageing. Such 
intermediate factors that are in principle modifiable are important to identify as they could be 
targets for intervention.  
This study aims to examine socioeconomic inequalities in accelerated epigenetic ageing by 
simulating a population intervention where those from low parental socioeconomic position are 
assigned the same levels of familial social factors and adolescent alcohol use and smoking as those 
from higher parental socioeconomic positions. Based on data from the Young Finns cohort Study 
(n=3,569), we will estimate parental socioeconomic inequalities in midlife using second generation 
epigenetic clocks and a g-method-based decomposition technique to show how much inequality 
could be mitigated by each of those factors. Increased knowledge about the inequalities reduction 
of hypothetically intervening on these familial social or individual behavioural factors can inform 
policy and prevention efforts. Policies that aim at mitigating health inequalities are key for 
sustainable populations. 
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Theoretical background 
Social inequalities, especially in chronic diseases, have complex causes. Understanding the 
processes underlying their generation requires multi-disciplinary approaches (Ben-Shlomo, 
Cooper, and Kuh 2016; Eikemo and Øversveen 2019). The life course approach is such a multi-
disciplinary approach that can help increase understanding by highlighting the importance of early 
life roots of inequalities (Hertzman and Boyce 2010; Kuh, Ben Shlomo, and Ezra 2004). In 
childhood and adolescence, parental socioeconomic position is a key determinant of child’s health 
and associated inequalities can be observed throughout adulthood and until death (Galobardes et 
al. 2004; Galobardes, Lynch, and Smith 2008; Stringhini et al. 2017). The life course approach has 
also helped to bridge biological and social research to better understand how the social 
environments can become embodied (Blane, Kelly-irving, and Bartley 2013; Hertzman and Boyce 
2010; Krieger 2005).  
DNA methylation is considered one of the hallmarks of ageing and a key mechanism by which the 
environment can modulate gene expression. Hence, epigenetic clocks could explain how social 
environments early in life can become embodied and might therefore be a salient outcome to study. 
Yet, how low parental socioeconomic position translates into inequalities in epigenetic clocks is 
not fully understood and knowledge how to potentially mitigate the social inequalities thus remains 
limited. While empirical evidence points to a mediating role of health-risk behaviours and own 
socioeconomic position, other social factors in the family are less well understood. According to 
the family stress model, low socioeconomic position can lead to parental stress, which is associated 
with interparental relationship problems and worse family functioning (Masarik and Conger 2017). 
Based on this theory, we hypothesize that the increased exposure to parental separation, household 
dysfunction (parental mental illness, alcohol misuse, child’s out-of-home care placement), and 
disrupted parenting (i.e. hash parenting) may be important intermediary factors influencing 
biological ageing in addition to adolescent health-risk behaviours. Importantly, in as much as these 
factors are increased by socioeconomic disadvantage, this means that if we could mitigate parental 
socioeconomic stress, some events indicative poor family functioning and adolescent risk 
behaviours could be prevented (Pitkänen et al. 2021). Even in the most extreme cases of family 
crises, some prevention programmes are available that help prevent, i.e., a child from being placed 
in out-of-home care (Bezeczky et al. 2020).    
 
Methods  
Data and sample 
Our target population consists of adolescents and adults from high-income European countries. 
The study population draws on prospective cohort data from the Young Finns Study (YFS). The 
YFS is an ongoing multicentre prospective cohort study designed to assess risk factors underlying 
cardiovascular diseases. In 1980, 3,596 individuals ages 3, 6, 9, 12, 15, and 18 were recruited, 
corresponding to a 83.2% response rate from a random sample of the Finnish population. Follow-
up measurements were collected in 1983, 1986, 1989, 1992, 2001, 2007, 2011 and 2018.  
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Conceptual framework and variables 
Our causal framework relies on first explicitly stating the assumed causal relationships in a directed 
acyclic graph (DAG; for a generalized conceptual framework, see Figure 1). For each of the 
relationships, we will build a detailed DAG, from which we identify the minimally sufficient 
adjustment set of confounding factors.  
Parental socioeconomic position was measured through parental occupation (dichotomized into 
manual and non-manual) and household income (dichotomized into low income for those in the 
lowest income category during adolescence).  
 

 
Figure 1. Conceptual model at the basis of our assumed causal directed acyclic graphs. Solid lines represent 
causal effects, dashed lines represent associations. 
 
If not mentioned otherwise, individual behavioural and familial social factors are assessed at 
baseline in a survey in 1980 or 1989 corresponding to the time point when respondents were 
adolescents (ages 12, 15 or 18). On the individual level, alcohol use and smoking are measured in 
self-reported questionnaires. For the familial social factors, a score indicating harsh to supportive 
parenting is created from the parental relationship questionnaire assessed at baseline in 1980. 
Parental separation is derived from any reports of a separation (1980 or 1989), or a parent missing 
from the family (assessed in 1980, 1983 and 1986). Household dysfunction is created as a dummy 
variable, indicating any or several of the following experiences: frequent parental alcohol 
intoxication (if either parent was intoxicated more than once per month on average), parental self-
reported mental illness, out-of-home care/living outside parental care or having a guardian different 
from the parents (assessed in 1980 and 1986).  
Regarding the outcome, different epigenetic clocks were calculated using the modern PhenoAge, 
GrimAge, DunedinPACE clocks. DNA methylation data came from blood samples drawn in 2018 
when participants were between 40-55 years. We will account for sex, age at baseline survey, 
sibship size, parental age at birth, parental education, and neighbourhood deprivation as potential 
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confounders. In the outcome models, we will additionally adjust for adverse birth outcomes, 
childhood health and other adverse childhood experiences.  
 
Statistical analysis 
We will perform the g-computation based decomposition—described in detail in Sudharsan & 
Bijlsma  (2021)—through equalizing intermediate factors marginally across the socioeconomic 
groups. This approach relies on advances situating decomposition analysis in a counterfactual 
framework (Jackson and VanderWeele 2018; Vanderweele and Robinson 2014). Such 
decomposition analysis has the aim to identify factors that contribute to inequalities between 
groups. We will impute the levels of each explanatory factor separately and for behavioural and 
social factors combined. Compared to causal mediation analysis, decomposition requires fewer 
assumptions, which is an advantage in the context of social inequalities research that is prone to 
intermediate confounding (Park, Kang, and Lee 2023).  
 
Anticipated significance and expected results 
The results of this study can help to inform strategies on how to mitigate inequalities in epigenetic 
ageing following low parental socioeconomic position. Questions of potentially modifiable 
intermediary factors are key for identifying policy targets for mitigating inequalities. We expect 
the evidence produced by this study to inform prevention efforts that might have the potential to 
break chains of early disadvantage. From prior research, some socioeconomic inequalities in 
epigenetic ageing would be expected. We abstain however from speculating about the contributions 
of explanatory factors as there is a lack of comparable research. Between now and the EPC 2024, 
we expect to have full results. 
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