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Relationships between epigenetic aging markers and psychosocial variables such as socioeconomic status and
stress have been well-documented, but are often examined cross-sectionally or retrospectively, and have tended

to focus on objective markers of SES or major life events. Here, we examined associations between psychosocial
variables, including measures of socioeconomic status and social stress, and epigenetic aging markers in adult-
hood, using longitudinal data spanning three decades from the Midlife in the United States (MIDUS) study. The
largest effects were observed for epigenetic markers of change in health, such as DunedinPACE and GrimAge, and
for associations involving education, income, net assets, general social stress, inequality-related stress, and
financial stress. Analyses of polygenic indices suggests that at least in the case of education, the link to epigenetic
aging cannot be accounted for by common genetic variants.

Biological markers of aging — indicators of aging status independent
of chronological age — have been an increasing focus of research in
recent years, with the recognition that some individuals experience
accelerated aging and shortened lifespan relative to others. A variety of
biological markers of aging have been examined, such as telomere
length (Aubert and Lansdorp, 2008; Blackburn et al., 2015) and meta-
bolic, hormonal, and inflammatory markers of frailty (Cardoso et al.,
2018; Saedi et al., 2019). Among the most researched, however, and
among the most predictive of lifespan, are epigenetic markers (i.e.,
markers of epigenetic age acceleration or EAA). These markers reflect
observed patterns of DNA methylation associated with chronological
age, health (e.g., Hannum et al., 2013; Horvath, 2013), or aging-related
changes in health status (e.g., Belsky et al., 2022), and are predictive of
physiological and psychosocial functioning in a number of systems
related to healthy aging, as well as the rate of change in functioning,
independent of chronological age.

A substantial literature has documented associations between
accelerated epigenetic aging and health-related variables such as sleep,
BMI, smoking, and alcohol use (Kong, et al., 2023; Ryan et al., 2020).
Psychosocial variables such as socioeconomic status and education are
also predictive of epigenetic aging, with higher SES and greater levels of

education associated with slower epigenetic aging (e.g., Kong et al.,
2023; Oblak et al., 2021; Ryan et al., 2020).

Although psychosocial factors such as socioeconomic status and
stress have been examined as predictors of epigenetic age acceleration,
there is a need for them to be studied longitudinally, especially
throughout adulthood. Many longitudinal studies have focused on
childhood, adolescence, or young adult stressors (Colich et al., 2020; e.
g., Oblak et al., 2021), with fewer studies of stress or socioeconomic
variables over a longer timeframe in middle adulthood. Other studies
have examined retrospectively recalled socioeconomic and stress vari-
ables (e.g., Graf et al., 2022; Zannas et al., 2015), such as childhood
stressors and traumas, which are subject to recall biases and unreli-
ability, or restricts focus to variables that can be more easily assessed
through recall, such as major life events. Examining psychosocial vari-
ables longitudinally across adulthood reduces recall bias and affords a
greater range of variables to be examined with reference to epigenetic
age acceleration, including socioeconomic and psychosocial stressors as
they unfold over time and possibly have cumulative effects over the
lifespan.

Various lines of research and theory point to the need to consider
psychosocial variables such as SES, education, and psychosocial stress
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within a common empirical framework. Research on socioeconomic
status has demonstrated that objective and subjective socioeconomic
status variables are dissociable and have distinct patterns of relation-
ships with other variables. Objective socioeconomic status refers to
objective socioeconomic resources, such as objective educational
attainment and household income; subjective socioeconomic status re-
fers to one’s perceived (usually self-perceived) socioeconomic circum-
stances, possibly including one’s position relative to others (Cundiff and
Matthews, 2017; Tan et al., 2020). Subjective components of socioeco-
nomic position have been shown to independently predict health,
including biological as well as self-reported health (Cundiff and Mat-
thews, 2017); psychological well-being similarly has been observed to
be more strongly related to subjective socioeconomic position (Tan
et al., 2020). Economic surveys similarly consistently point to phe-
nomena such as the “regular rich”, wherein individuals or households
may be objectively high on indicators such as income or education, but
nevertheless be stressed financially and report difficulties related to
standards of living. Conversely, studies may examine more objective
indicators of socioeconomic deprivation without assessing for coinci-
dent subjectively experienced stress (e.g., Simons et al., 2022). Focusing
solely on objective SES indicators without considering other subjective
indicators or psychosocial stress may provide an incomplete picture of
overall functioning and its relationship with the aging process.

Similar research conversely points to the centrality of socioeconomic
factors in psychosocial stress. Research has indicated that different
forms of psychosocial stress, including different types of social and
economic stress, are distinct but strongly associated, such that they can
be understood empirically and theoretically as different components of
general social stress within a unified model (Mann et al., 2021). Job
stress, discrimination, inequality, relationship stress, and financial stress
are all interrelated, and simultaneously act and are perceived jointly in
terms of overall stress. Subjective socioeconomic position is instantiated
in multiple forms of stress, such as financial stress, job stress, and
inequality-related stress, which in turn act as components of general
stress along with other forms of stress. Specific forms of stress such as
financial stress may have spillover or distributed effects on other areas of
functioning, or may be affected by other forms of stress. How these
different forms of stress independently and jointly predict epigenetic age
acceleration is poorly understood, however. Current studies, although
critically informative, are often retrospective or cross-sectional, often
focus on general stress or event-related stress (e.g., trauma or major life
events) without considering other specific forms of psychosocial stress
within a unified framework, and often partial out socioeconomic vari-
ables (e.g., Harvanek et al., 2021; Vetter et al., 2022).

Socioeconomic indicators are among the more robust predictors of
epigenetic aging and related variables such as inflammation and mor-
tality (e.g., Faul et al., 2023; Schmitz et al., 2021). How relatively
objective indicators of SES compare to more subjective indicators in
their prediction of EAA is currently unclear, however, as is how different
objective forms of SES relate to epigenetic aging markers, or how
different forms of subjective SES and stress, including financial and
nonfinancial stress, comparatively relate to epigenetic aging markers.

Increased interested in epigenetic correlates of aging has led to a
variety of EAA indicators or “clocks”. The first EAA markers were
derived by identifying methylation patterns predictive of chronological
age (in blood or other tissues; Hannum et al., 2013; Hannum et al.,
2013), with accelerated or deaccelerated aging defined as the deviation
of chronological age from one’s predicted age based on these methyl-
ation patterns. Later EAA markers were developed through the predic-
tion of targets other than chronological age per se — such as a
“phenotypic age” composite including blood biomarkers of aging and
health (Levine, et al., 2018), a similar composite comprising mortality
itself as a predictive target (Lu et al., 2022), or change in health and
aging markers across time (Belsky et al., 2022).

As the number of epigenetic markers of aging has increased, so has
interest in their relationships with one another, with processes
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underlying aging, and their relative ability to predict outcomes and
mortality. If different epigenetic aging markers are indexing some
shared aging process, they should correlate with one another in a way
that is reflective of this shared process (Belsky et al., 2017). Along these
lines, empirical findings suggest that relatively recent EAA markers
indexed to change (decline in functioning indicators as with Dun-
edinPACE, or death as with GrimAge for example) are relatively more
highly correlated with one another and cluster together in that sense,
and that earlier EAA markers indexed to age as a state per se also
similarly cluster together (e.g., Graf et al., 2022; Simons et al., 2022).
These clusters might reflect methylation patterns of different etiology
(Yousefi et al., 2022), and some evidence suggests they might differ-
entially predict significant outcomes such as mortality (e.g, Belsky et al.,
2017). Not all studies observe these clusterings, however (e.g., Li et al.,
2020); additional research is needed to quantify how diverse indicators
of epigenetic age acceleration correlate with one another and other
variables.

Genetic studies of EAA have provided varying estimates of overall
heritability of EAA, from 0.15 for polymorphism-based heritability es-
timates in adults to 1.0 for twin-based heritability estimates in newborn
twins (Gibson et al., 2019; Horvath, 2013; Lu et al., 2018), with most
estimates roughly in the range of 0.15-0.40. Given that genetic in-
fluences on socioeconomic variables have also been identified (e.g.,
Okbay et al., 2022), it raises the possibility that at least some of the
relationship between psychosocial variables such as SES and EAA might
be due to genetic background.

The purpose of this study was to examine relationships between
psychosocial variables, including measures of socioeconomic status and
social stress, and epigenetic aging markers in adulthood, using data from
the Midlife in the United States (MIDUS) program. The aim of this study
was to examine associations with markers of epigenetic aging using
longitudinally informative measures of socioeconomic and psychosocial
stress, examining socioeconomic variables and psychosocial stress var-
iables jointly, and epigenetic aging as reflected in a broad set of epige-
netic aging markers (e.g., DunedinPACE, which reflects pace of change
in aging rather than aging status per se; Belsky et al., 2022). We used the
model of Mann et al. (2021) as a framework for social stress predictors of
epigenetic aging. We also sought to characterize the role of genetic
factors in associations between SES and epigenetic aging markers using a
polygenic index for educational attainment (Lee et al., 2018).

1. Methods
1.1. Participants and general design

Participants from MIDUS (N = 1310) comprised individuals from
two subsamples: participants from the MIDUS Core project (N = 511),
and participants from the MIDUS Refresher project (N = 799). Among
these participants were 148 twins constituting 74 complete pairs. In-
dividuals from the MIDUS Core cohort completed surveys on three oc-
casions, roughly 8-10 years apart (mean ages 43.35-60.71 years), and
blood samples, additional surveys and physical measurements were
obtained near the second occasion (mean age 55.15). Survey data and
blood samples were collected at single timepoints from the MIDUS
Refresher cohort (mean age 51.03 years for the survey; mean age 52.89
for the blood samples), as these were the initial waves of a project
designed to replicate the MIDUS Core project with a new cohort.
Characteristics of the overall sample are presented in Table 1; details
regarding MIDUS are also available at the MIDUS website and in other
publications (https://www.midus.wisc.edu; Ryff and Krueger, 2018).

With missing data, final Ns ranged from 479 (for variance in
household income) to 1310 (that is, no missing data), with most mea-
sures in the range of 1300-1310 (Tables 2 and 3). Models predicting
missingness from the remaining variables would only converge for home
and work stress and variance in household income, perhaps because
these were the only two variables with substantial amounts of
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Table 1
Descriptive statistics of sample.

Mean (sd)/Percent

Age

T1 48.64 (13.22)

T2 52.47 (11.22)

T3 60.71 (10.53)

Biomarker Visit 53.77 (12.57)
Gender

Female 0.60

Male 0.40
Race

White 0.70

Black 0.23

Other 0.07
Education (Years) 14.93 (2.56)
Education (Highest Degree)

Less than high school 0.05

GED 0.02

High school 0.15

Some college 0.20

College and above 0.58

Household Income 79389.26 (59777)
Variance In Household Income 2269638857 (4156770119)
Net Assets (Yes) 0.70

Note. Values are mean (sd) or percentage of sample; means reflect mean over the
course of the study (income and ratings) or the highest attained value over the
course of the study (education and assets) or variance over the course of the
study (income variance). The item “current situation” was rated on a scale of
1-10; “Enough” was rated on a scale of 1-3, and “Difficult to pay” was rated on a
scale of 1-4; greater values reflected fewer financial difficulties for each item.

missingness. Missingness in home and work stress was only significantly
predicted by household income, such that lower income individuals
were more likely to be missing (binomial GLM p = -1.35; p = 0.001);
missingness in household income variance was predicted by more years
of education (binomial GLM p = 0.13; p < 0.001), lack of assets (bino-
mial GLM § =-1.23; p < 0.001), and higher household income (binomial
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GLM p = 0.26; p = 0.001).
1.2. Socioeconomic and psychosocial measures

Education, household income (both mean and variance over time),
and assets were modeled as objective socioeconomic variables; general
social stress and its five subfactors (job stress, discrimination, inequality,
relationship stress, and financial stress; Mann et al., 2021) were modeled
as subjective psychosocial variables. For state-like socioeconomic and
psychosocial variables, mean level over the course of the study was used
(household income and stress ratings); for cumulative variables, the
highest attained value over the course of the study was used (education
and net household assets); variance over the course of the study was
used to examine variability in household income. Analyses used number
of expected years of education given the highest degree attained, due to
convergence difficulties with education coded categorically as degree
(results where estimates converged were similar). Net household assets
were coded as net positive assets or lack thereof due to changes in the
method used to ask about assets over the course of the study.

Psychosocial stress variables were coded as mean scores on scales as
have been previously described (Mann et al., 2021), using interview
ratings on items related to five different forms of stress: job stress,
discrimination, inequality, relationship stress, and financial stress. For
example, financial stress was rated using three items: “Using a scale from
0 to 10 where 0 means “the worst possible financial situation” and 10
means “the best possible financial situation,” how would you rate your
financial situation these days?”; “In general, would you say you (and
your family living with you) have more money than you need, just
enough for your needs, or not enough to meet your needs?” (with re-
sponses options of “1, more money than you need” “2, just enough
money”, or “3, not enough money”), and “How difficult is it for you (and
your family) to pay your monthly bills?” (with response options ranging
from “1, very” to “4, not at all”). Responses were recoded such that
higher values indicated fewer financial difficulties, and standardized
and averaged to create an overall scale value. Details about the

Table 2
Effects on decline-predictive epigenetic age acceleration factor.
N R? p se(p) LR p q
Education 1309 0.015 —-0.121 0.031 14.76 <0.001 0.005
Mean Household Income 1286 0.011 —0.103 0.030 11.73 <0.001 0.005
Variance Household Income 479 0.000 0.019 0.040 0.214 0.644 0.809
Assets 1265 0.011 —0.104 0.033 10.00 0.002 0.008
General Social Stress 1310 0.015 0.124 0.032 15.10 <0.001 0.005
Discrimination 1306 0.005 0.070 0.034 4.11 0.043 0.117
Home & Work 952 0.001 0.034 0.042 0.65 0.421 0.615
Inequality 1309 0.012 0.109 0.030 13.33 <0.001 0.005
Relationship 1305 0.002 0.041 0.034 1.45 0.229 0.435
Financial 1309 0.016 0.127 0.031 16.99 <0.001 0.005

Note. R? = percent of variance explained. # = standardized regression coefficient. se = standard error. LR = likelihood ratio. p = p-value, unadjusted for multiple
testing. q = g-value (Storey, 2002), adjusted for multiple testing across Tables 2 and 3

Table 3
Effects on state-predictive epigenetic age acceleration factor.
N R? i se(B) LR p q
Education 1309 0.000 0.007 0.032 0.05 0.816 0.911
Mean Household Income 1286 0.000 —0.003 0.031 0.01 0.911 0.911
Variance Household Income 479 0.004 0.063 0.048 1.53 0.216 0.435
Assets 1265 0.001 —0.028 0.031 0.81 0.367 0.584
General Social Stress 1310 0.002 0.041 0.031 1.69 0.194 0.435
Discrimination 1306 0.000 —0.004 0.032 0.02 0.889 0.911
Home & Work 952 0.000 0.017 0.036 0.22 0.643 0.809
Inequality 1309 0.004 0.067 0.028 5.45 0.020 0.063
Relationship 1305 0.000 0.012 0.028 0.17 0.681 0.809
Financial 1309 0.001 0.028 0.031 0.81 0.369 0.584

Note. R? = percent of variance explained. # = standardized regression coefficient. se = standard error. LR = likelihood ratio. p = p-value, unadjusted for multiple
testing. ¢ = q-value (Storey, 2002), adjusted for multiple testing.
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distributions of the psychosocial stress variables are also presented in
Table S1.

1.3. Epigenetic markers

Fasting blood draws were obtained from the MIDUS Core sample
from 2004 to 2009 and from the MIDUS Refresher sample from 2012 to
2016. Whole blood samples were collected using a BD Vacutainer Tube
with EDTA anticoagulant and frozen in storage. In 2019, DNA methyl-
ation profiling was conducted on the whole blood DNA samples from
both the Core and Refresher samples. After DNA was tested for suitable
yield and integrity, it was subjected to genome-wide methylation
profiling using Illumina Methylation EPIC microarrays. The resulting
beta values were noob-normalized to control for technical sources of
variance, registered onto the list of CpG sites assayed on the Illumina
Methylation 450K microarray, and screened using standard quality
control metrics. Raw methylation data was used to score the following
markers: Horvath (2013), Hannum (Hannum et al., 2013), PhenoAge
(Levine et al., 2018), GrimAge Version 2 (Lu et al., 2022), and Dun-
edinPACE epigenetic pace of aging markers (Belsky et al., 2022). For
more information on data collection and the derivation of epigenetic
variables in MIDUS, reference the data documentation on the MIDUS
Colectica Portal (https://midus.colectica.org/).

1.4. Analyses

Epigenetic age acceleration was modeled as a function of psycho-
social and socioeconomic predictors, controlling for covariates using
linear models; analyses were conducted using full-information
maximum likelihood (ML) estimation. Twin pair ID was used as a clus-
tering variable to account for dependence of observations in estimates of
overall effects of predictors on EAA markers and factors, to avoid
inflated estimates of statistical significance and confidence (although
estimates of effects themselves remain unbiased in the presence of
unmodeled dependency; Chatterjee and Hadi, 2012; Williams et al.,
2013). In all analyses, estimated epigenetic age variables were adjusted
for chronological age and age squared, gender, tobacco use frequency
and amount, alcohol use frequency and amount, BMI, sleep quality
(using the Pittsburgh Sleep Quality Index; Buysse et al., 1989), cognitive
status (measured using the Brief Test of Adult Cognition by Telephone,
BTACT; Lachman et al., 2014), methylation assay well plate, and race.
Quadratic effects of age were included in addition to linear effects to
control for nonlinear age trends (McGue and Bouchard, 1984); other
covariates were included in models as potential methodological or de-
mographic confounds, or well-documented known correlates of EAA
markers (e.g., Kong et al., 2023; Ryan et al., 2020; models adjusting only
for methodological and basic demographic covariates are also presented
in the supplement in Tables S7 and S8). In addition, variance in income
over the course of the study controlled for mean income over the same
time period. Mean income and variability in income (i.e.,
within-participant variance) were standardized relative to the initial
wave to avoid difficulties with model convergence due to widely
different scales (magnitudes) of variables; models with raw income
variables failed to converge unless they were rescaled.

Epigenetic markers were substantially correlated (Table S1), with
Horvath, Hannum, and PhenoAge correlated more strongly with each
other, and Grimage and DunedinPACE more strongly correlated with
one another. Correlations between age-adjusted markers were smaller
than the raw markers, but patterns were similar. Exploratory factor
analysis of the age-adjusted markers using a 2-factor model with un-
weighted least squares estimation (using the psych R library; Revelle,
2024) produced estimates consistent with this clustering of variables
(Table S2; RMSEA = 0.003; RMSR = 0.000). Factor scores from this
two-factor model were used in the remainder of analyses in lieu of the
original epigenetic marker variables as outcome variables in regressions.
The first factor score reflected EAA markers developed to predict
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cross-sectional state (age, health state), and was labeled “State--
Predictive”; the second factor reflected epigenetic markers developed to
predict change (change in health status, death), and was labeled
“Decline-Predictive".

To control for multiple testing, q-values was used in addition to p-
values. The g-value provides a bound to the false discovery rate (FDR),
the proportion of false positives among all positive (i.e., significant) test
results. It can also be thought of as the greatest lower bound to the
posterior probability of the null being true given the observed test sta-
tistic (Storey, 2002, 2003). The g-value R library (Storey, et al., 2023)
was used to estimate g-values.

2. Results

Results for associations between epigenetic age acceleration factor
scores and socioeconomic and stress predictors are given in Tables 2 and
3 (results for specific EAA markers are given in Tables 4 and 5 and S4-S6,
and analyses adjusted only for basic methodological and demographic
covariates are presented in Tables S7-S8). In general, relationships were
stronger (in terms of R, for example) for the decline-predictive factor
than the state-predictive factor. Associations were also generally in the
directions consistent with theory (for example, socioeconomic resources
were estimated to be negatively associated with aging, variance in in-
come and stress estimated to be positively associated with aging).

For the decline-predictive factor, six predictors were significantly
associated with decline-predictive aging markers: education (f =-0.121,
p < 0.001), mean household income (f = -0.103, p < 0.001), net assets
(p = -0.104, p = 0.002), general social stress (# = 0.124, p < 0.001),
inequality stress ( = 0.109, p < 0.001), and financial stress (f = 0.127,
p < 0.001). In addition, discrimination stress was related to aging more
weakly (8 = 0.070, p = 0.043). For the state-predictive factor, only
psychosocial stress related to perceived inequality was significantly
related to aging, albeit more weakly (# = 0.065, p = 0.020); the sig-
nificance, moreover, decreased just above the 0.05 threshold when
corrected for multiple testing (g = 0.057).

A polygenic index (PGI) for educational attainment was used to
control for genetic contributions to the association between education
and epigenetic aging. Although educational attainment PGI and actual
attained education were significantly correlated (r = 0.294; p < 0.0001),
controlling for educational attainment PGI did not significantly or
meaningfully decrease the relationship between education and the
decline-predictive epigenetic aging factor (§ = -0.117, p = 0.002),
suggesting that genetic factors, at least as indexed by common poly-
morphisms, do not account for the education-epigenetic aging
relationship.

3. Discussion

We examined associations between epigenetic aging and socioeco-
nomic and psychosocial stress variables over a period of 3 decades in a
large ongoing study of midlife adults in the United States. Results are
consistent with prior research in drawing attention to the importance of

Table 4
Effects on GrimAge epigenetic age acceleration.
R? B se(f) LR p
Education 0.017 —0.132 0.032 17.122 <0.001
Mean Household Income 0.007 —0.085 0.029 8.422 0.004
Variance Household Income 0.001 —0.025 0.035 0.512 0.474
Assets 0.016 —0.092 0.033 7.567 0.006
General Social Stress 0.013 0.114 0.035 10.876 <0.001
Discrimination 0.002 0.040 0.036 1.191 0.275
Home & Work 0.000 0.007 0.044 0.029 0.866
Inequality 0.009 0.094 0.036 6.849 0.009
Relationship 0.005 0.074 0.036 4.384 0.036
Financial 0.016 0.125 0.033 14.702 <0.001
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Table 5
Effects on DunedinPACE epigenetic age acceleration.
R? p se(p) LR P
Education 0.011 —0.105 0.031 11.086 <0.001
Mean Household Income 0.013 -0.114 0.031 13.761 <0.001
Variance Household Income 0.001 0.027 0.041 0.442 0.506
Assets 0.010 —0.097 0.033 8.659 0.003
General Social Stress 0.014 0.118 0.031 14.439 <0.001
Discrimination 0.006 0.077 0.034 5.131 0.023
Home & Work 0.002 0.042 0.041 1.034 0.309
Inequality 0.011 0.105 0.029 12.581 <0.001
Relationship 0.001 0.026 0.033 0.628 0.428
Financial 0.014 0.118 0.030 15.349 <0.001

socioeconomic variables such as educational background, income, and
assets in understanding aging processes (Simons et al., 2022), and
extend this research literature to illustrate its importance as measured
longitudinally over the course of adulthood. Our findings also point to
the importance of psychosocial stress as a predictor of aging processes (i.
e., above and beyond objective economic metrics), particularly stress
related to finances, perceived inequality, and interpersonal experiences
of discrimination.

Prior research on related phenomena is also consistent with these
findings. For example, previous research in MIDUS suggested that net
assets are an important predictor of mortality (Finegood et al., 2021);
these findings confirm those and point to their effects as manifested in
biological indices of aging. Also, many lines of research have docu-
mented the effects of discrimination and socioeconomic inequality on
well-being, health, and other related variables (e.g., Simons et al.,
2022). Our research underscores the importance of these variables as
determinants of aging and health continuing into late adulthood.

Subjective and Objective Socioeconomic Variables. Our results
are also informative regarding the relative contributions of objective
and subjective components of socioeconomic functioning to epigenetic
aging. Both types of variables were roughly comparable in their pre-
dictive information about epigenetic aging, with objective variables
such as household income, education, and assets as well as subjective
variables such as financial and inequality-related stress both having R?
values in the range of 0.011-0.016. Further research is needed to better
understand the mediators of these two classes of socioeconomic vari-
ables, in terms of how similar or different they are in their social and
biological causal mediating pathways.

Delineation of Mediating Pathways and Aging Indicators. A
number of features of our results also help clarify the etiologic processes
underlying associations between socioeconomic and psychosocial vari-
ables and aging. For instance, the identified associations held even when
controlling for variables such as weight, substance use, sleep, BMI,
ethnicity, chronological age, and cognitive functioning. Moreover, the
association between education and epigenetic aging also remained
largely the same after controlling for polygenic predictors of education,
suggesting that this relationship cannot be accounted largely by iden-
tified common genetic factors in this domain.

The null features of our results are also worth noting. For example, in
contrast to some theories of health status and aging (Miller et al., 2020),
we did not find that income variability over adulthood was significantly
related to epigenetic aging markers above and beyond effects of average
income. As such, much of the effect of income is likely mediated through
the increased access to resources that income provides over the lifetime,
or causal factors associated with that, rather than changes and unpre-
dictability in income per se. Also, in contrast to a number of previous
studies (e.g., Lawrence et al., 2020), we did not find any significant
relationships between socioeconomic factors and epigenetic markers
reflecting health or biological age (i.e., the state factor), but, instead,
relationships were observed with epigenetic markers reflecting changes
in health and mortality. The strongest relationships with health state
markers were with perceived inequalities at work (e.g., feeling cheated
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about the chance to work at good jobs), at home (e.g., most people live in
a better neighborhood), and with family (e.g., not feeling good about the
opportunities provided to one’s children). This finding underscores the
importance of perceived social inequality in relation to well-being and
health outcomes.

Limitations and Future Directions. Additional data involving
family designs are needed to rigorously evaluate the effect of family of
origin on adult aging. Various family-of-origin effects might mediate
relationships between adult socioeconomic and psychosocial factors and
EAA, such as childhood environmental effects or genetic effects (Kim,
etal., 2023; Kong et al., 2023). Polygenic risk score analyses suggest that
the associations of some variables with epigenetic age acceleration are
unlikely to be due to previously identified relevant genetic factors, but
other environmental factors associated with family of origin could be of
importance. Furthermore, we could only examine polygenic contribu-
tors to educational attainment, as it was the only polygenic index
available in MIDUS. Further research involving family studies and
genetically informative designs are needed to evaluate these hypotheses,
and to develop polygenic indices for other potentially genetically
mediating contributors to other variables examined, such as general
social stress and income.

Although MIDUS was designed to be reasonably representative of the
United States, the results presented here should be replicated in other
samples and possible heterogeneity in findings due to background and
other variables should be examined. For instance, the mean household
income of this sample is similar to that of the US during the time period
examined, perhaps even somewhat lower (e.g., mean household income
in the US in 2009 and 2019 was 78540 and 116700; U.S. Census Bureau,
2024). However, the sample is also relatively well-educated compared
to the US at large (U.S. Census Bureau, 2024). Further study is needed to
determine how the current results generalize to other samples and
populations.

Finally, studies incorporating longitudinal assessment of EAA mea-
sures in tandem with psychosocial and socioeconomic variables (Poga-
nik et al., 2023; Reynolds et al., 2020; Simons et al., 2022) will also help
delineate causal pathways involved in aging. The present study clarified
associations between average socioeconomic status and stress over time
on the one hand, and epigenetic aging markers on the other; however,
additional research with epigenetic markers observed at multiple
timepoints is needed to better understand how longitudinal changes in
psychosocial variables are related to epigenetic changes, and how those
changes might be causally directed. These designs would also help
delineate the way in which psychosocial factors act on aging processes
— for example, whether they act cumulatively, or predictively as in-
dicators of a stable process.

CRediT authorship contribution statement

Kristian E. Markon: Writing - review & editing, Writing — original
draft, Methodology, Formal analysis, Data curation, Conceptualization.
Frank Mann: Writing — review & editing, Methodology, Formal anal-
ysis. Colin Freilich: Writing — review & editing, Data curation. Steve
Cole: Writing — review & editing, Investigation, Funding acquisition,
Data curation, Conceptualization. Robert F. Krueger: Writing — review
&  editing, Project administration, Funding acquisition,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data used in this article is publicly available through ISPCR and



K.E. Markon et al.

the MIDUS website.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.socscimed.2024.116990.

References

Aubert, G., Lansdorp, P.M., 2008. Telomeres and aging. Physiol. Rev. 88 (2), 557-579.

Belsky, D.W., Moffitt, T.E., Cohen, A.A., Corcoran, D.L., Levine, M.E., Prinz, J.A.,
Schaefer, J., Sugden, K., Williams, B., Poulton, R., Caspi, A., 2017. Eleven telomere,
epigenetic clock, and biomarker-composite quantifications of biological aging: do
they measure the same thing? Am. J. Epidemiol. 187, 1220-1230. https://doi.org/
10.1093/aje/kwx346.

Belsky, D.W., Caspi, A., Corcoran, D.L., Sugden, K., Poulton, R., Arseneault, L.,
Baccarelli, A., Chamarti, K., Gao, X., Hannon, E., Harrington, H.L., Houts, R.,
Kothari, M., Kwon, D., Mill, J., Schwartz, J., Vokonas, P., Wang, C., Williams, B.S.,
Moffitt, T.E., 2022. DunedinPACE, a DNA methylation biomarker of the pace of
aging. Elife 11, €73420. https://doi.org/10.7554/eLife.73420.

Blackburn, E.H., Epel, E.S., Lin, J., 2015. Human telomere biology: a contributory and
interactive factor in aging, disease risks, and protection. Science 350 (6265),
1193-1198.

Buysse, D.J., Reynolds, C.F., Monk, T.H., Berman, S.R., Kupfer, D.J., 1989. The
Pittsburgh sleep quality index: a new instrument for psychiatric practice and
research. Psychiatr. Res. 28 (2), 193-213. https://doi.org/10.1016/0165-1781(89)
90047-4.

Cardoso, A.L., Fernandes, A., Aguilar-Pimentel, J.A., de Angelis, M.H., Guedes, J.R.,
Brito, M.A., et al., 2018. Towards frailty biomarkers: Candidates from genes and
pathways regulated in aging and age-related diseases. Ageing Res. Rev. 47, 214-277.

Chatterjee, S., Hadi, A.S., 2012. Regression Analysis by Example, fifth ed. John Wiley &
Sons, Hoboken, NJ.

Colich, N.L., Rosen, M.L., Williams, E.S., McLaughlin, K.A., 2020. Biological aging in
childhood and adolescence following experiences of threat and deprivation: a
systematic review and meta-analysis. Psychol. Bull. 146 (9), 721-764. https://doi.
org/10.1037/bul0000270.

Cundiff, J.M., Matthews, K.A., 2017. Is subjective social status a unique correlate of
physical health? A meta-analysis. Health Psychol. 36 (12), 1109-1125. https://doi-
org.ezpl.lib.umn.edu/10.1037/hea0000534.

Faul, J.D., Kim, J.K., Levine, M.E., Thyagarajan, B., Weir, D.R., Crimmins, E.M., 2023.
Epigenetic-based age acceleration in a representative sample of older Americans:
associations with aging-related morbidity and mortality. Proc. Natl. Acad. Sci. USA
120 (9), €2215840120. https://doi.org/10.1073/pnas.2215840120.

Finegood, E.D., Briley, D.A., Turiano, N.A., Freedman, A., South, S.C., Krueger, R.F.,
Chen, E., Mroczek, D.K., Miller, G.E., 2021. Association of wealth with longevity in
US adults at midlife. JAMA Health Forum 2 (7), e211652. https://doi.org/10.1001/
jamahealthforum.2021.1652.

Gibson, J., Russ, T.C., Clarke, T.-K., Howard, D.M., Hillary, R.F., Evans, K.L., Walker, R.
M., Bermingham, M.L., Morris, S.W., Campbell, A., Hayward, C., Murray, A.D.,
Porteous, D.J., Horvath, S., Lu, A.T., McIntosh, A.M., Whalley, H.C., Marioni, R.E.,
2019. A meta-analysis of genome-wide association studies of epigenetic age
acceleration. PLoS Genet. 15 (11), €1008104 https://doi.org/10.1371/journal.
pgen.1008104.

Graf, G.H.-J., Zhang, Y., Domingue, B.W., Harris, K.M., Kothari, M., Kwon, D.,
Muennig, P., Belsky, D.W., 2022. Social mobility and biological aging among older
adults in the United States. PNAS Nexus 1 (2), pgac029. https://doi.org/10.1093/
pnasnexus/pgac029.

Hannum, G., Guinney, J., Zhao, L., Zhang, L., Hughes, G., Sadda, S., Klotzle, B.,
Bibikova, M., Fan, J.-B., Gao, Y., Deconde, R., Chen, M., Rajapakse, ., Friend, S.,
Ideker, T., Zhang, K., 2013. Genome-wide methylation profiles reveal quantitative
views of human aging rates. Mol. Cell 49 (2), 359-367. https://doi.org/10.1016/j.
molcel.2012.10.016.

Harvanek, Z.M., Fogelman, N., Xu, K., Sinha, R., 2021. Psychological and biological
resilience modulates the effects of stress on epigenetic aging. Transl. Psychiatry 11,
601. https://doi.org/10.1038/s41398-021-01735-7.

Horvath, S., 2013. DNA methylation age of human tissues and cell types. Genome Biol.
14 (10), R115. https://doi.org/10.1186/gb-2013-14-10-r115.

Kim, K., Yaffe, K., Rehkopf, D.H., Zheng, Y., Nannini, D.R., Perak, A.M., Nagata, J.M.,
Miller, G.E., Zhang, K., Lloyd-Jones, D.M., Joyce, B.T., Hou, L., 2023. Association of
adverse childhood experiences with accelerated epigenetic aging in midlife. JAMA
Netw. Open 6 (6), €2317987. https://doi.org/10.1001/
jamanetworkopen.2023.17987.

Kong, L., Ye, C., Wang, Y., Hou, T., Zheng, J., Zhao, Z., Li, M., Xu, Y., Lu, J., Chen, Y.,
Xu, M., Wang, W., Ning, G., Bi, Y., Wang, T., 2023. Genetic evidence for causal
effects of socioeconomic, lifestyle, and cardiometabolic factors on epigenetic-age
acceleration. J. Gerontol.: Series A 78 (7), 1083-1091. https://doi.org/10.1093/
gerona/glad078.

Lachman, M.E., Agrigoroaei, S., Tun, P.A., Weaver, S.L., 2014. Monitoring cognitive
functioning: psychometric properties of the brief test of adult cognition by
telephone. Assessment 21 (4), 404-417.

Lawrence, K.G., Kresovich, J.K., O’Brien, K.M., Hoang, T.T., Xu, Z., Taylor, J.A.,
Sandler, D.P., 2020. Association of neighborhood deprivation with epigenetic aging

Social Science & Medicine 352 (2024) 116990

using 4 clock metrics. JAMA Netw. Open 3 (11), €2024329. https://doi.org/
10.1001/jamanetworkopen.2020.24329.

Lee, J.J., Wedow, R., Okbay, A., Kong, E., Maghzian, O., Zacher, M., Nguyen-Viet, T.A.,
Bowers, P., Sidorenko, J., Karlsson Linnér, R., Fontana, M.A., Kundu, T., Lee, C.,
Li, H., Li, R., Royer, R., et al., 2018. Gene discovery and polygenic prediction from a
genome-wide association study of educational attainment in 1.1 million individuals.
Nat. Genet. 50 (8), 1112-1121. https://doi.org/10.1038/541588-018-0147-3.

Levine, M.E,, Lu, A.T., Quach, A., Chen, B.H., Assimes, T.L., Bandinelli, S., Hou, L.,
Baccarelli, A.A., Stewart, J.D., Li, Y., Whitsel, E.A., Wilson, J.G., Reiner, A.P.,
Aviv, A., Lohman, K., Liu, Y., Ferrucci, L., Horvath, S., 2018. An epigenetic
biomarker of aging for lifespan and healthspan. Aging 10 (4), 573-591. https://doi.
org/10.18632/aging.101414.

Li, X., Ploner, A., Wang, Y., Magnusson, P.K., Reynolds, C., Finkel, D., Pedersen, N.L.,
Jylhava, J., Hagg, S., 2020. Longitudinal trajectories, correlations and mortality
associations of nine biological ages across 20-years follow-up. Elife 9, €51507.
https://doi.org/10.7554/eLife.51507.

Lu, A.T., Xue, L., Salfati, E.L., Chen, B.H., Ferrucci, L., Levy, D., Joehanes, R.,
Murabito, J.M., Kiel, D.P., Tsai, P.-C., Yet, 1., Bell, J.T., Mangino, M., Tanaka, T.,
McRae, A.F., Marioni, R.E., Visscher, P.M., Wray, N.R., Deary, 1.J., et al., 2018.
GWAS of epigenetic aging rates in blood reveals a critical role for TERT. Nat.
Commun. 9 (1), 387. https://doi.org/10.1038/541467-017-02697-5.

Lu, A.T., Binder, A.M., Zhang, J., Yan, Q., Reiner, A.P., Cox, S.R., Corley, J., Harris, S.E.,
Kuo, P.-L., Moore, A.Z., Bandinelli, S., Stewart, J.D., Wang, C., Hamlat, E.J., Epel, E.
S., Schwartz, J.D., Whitsel, E.A., Correa, A., Ferrucci, L., et al., 2022. DNA
methylation GrimAge version 2. Aging 14 (23), 9484-9549. https://doi.org/
10.18632/aging.204434.

Mann, F.D., Cuevas, A.G., Krueger, R.F., 2021. Cumulative stress: a general “s” factor in
the structure of stress. Soc. Sci. Med. 289, 114405 https://doi.org/10.1016/j.
socscimed.2021.114405.

McGue, M., Bouchard, T.J., 1984. Adjustment of twin data for the effects of age and sex.
Behav. Genet. 14, 325-343. https://doi.org/10.1007/BF01080045.

Miller, G.E., Chen, E., Yu, T., Brody, G.H., 2020. Youth who achieve upward
socioeconomic mobility display lower psychological distress but higher metabolic
syndrome rates as adults: Prospective evidence from Add Health and MIDUS. J. Am.
Heart Assoc. 9 (9), e015698 https://doi.org/10.1161/JAHA.119.015698.

Oblak, L., Van Der Zaag, J., Higgins-Chen, A.T., Levine, M.E., Boks, M.P., 2021.

A systematic review of biological, social and environmental factors associated with
epigenetic clock acceleration. Ageing Res. Rev. 69, 101348 https://doi.org/
10.1016/j.arr.2021.101348.

Okbay, A., Wu, Y., Wang, N., Jayashankar, H., Bennett, M., Nehzati, S.M., Sidorenko, J.,
Kweon, H., Goldman, G., Gjorgjieva, T., Jiang, Y., Hicks, B., Tian, C., Hinds, D.A.,
Ahlskog, R., Magnusson, P.K.E., Oskarsson, S., Hayward, C., Campbell, A., et al.,
2022. Polygenic prediction of educational attainment within and between families
from genome-wide association analyses in 3 million individuals. Nat. Genet. 54 (4),
437-449. https://doi.org/10.1038/541588-022-01016-z.

Poganik, J.R., Zhang, B., Baht, G.S., Tyshkovskiy, A., Deik, A., Kerepesi, C., Yim, S.H.,
Lu, A.T., Haghani, A., Gong, T., Hedman, A.M., Andolf, E., Pershagen, G.,
Almgyvist, C., Clish, C.B., Horvath, S., White, J.P., Gladyshev, V.N., 2023. Biological
age is increased by stress and restored upon recovery. Cell Metabol. 35 (5), 807-820.
e5. https://doi.org/10.1016/j.cmet.2023.03.015.

Revelle, William, 2024. Psych: Procedures for Psychological, Psychometric, and
Personality Research. Northwestern University, Evanston, Illinois.

Reynolds, C.A., Tan, Q., Munoz, E., Jylhavé, J., Hjelmborg, J., Christiansen, L., Hagg, S.,
Pedersen, N.L., 2020. A decade of epigenetic change in aging twins: genetic and
environmental contributions to longitudinal DNA methylation. Aging Cell 19 (8),
e13197. https://doi.org/10.1111/acel.13197.

Ryan, J., Wrigglesworth, J., Loong, J., Fransquet, P.D., Woods, R.L., 2020. A systematic
review and meta-analysis of environmental, lifestyle, and health factors associated
with DNA methylation age. J. Gerontol.: Series A 75 (3), 481-494. https://doi.org/
10.1093/gerona/glz099.

Ryff, C.D., Krueger, R.F., 2018. Approaching human health as an integrative challenge:
Introduction and overview. In: Ryff, C.D., Krueger, R.F. (Eds.), The Oxford
Handbook of Integrative Health Science, pp. 3-22. New York: Oxford.

Saedi, A.A., Feehan, J., Phu, S., Duque, G., 2019. Current and emerging biomarkers of
frailty in the elderly. Clin. Interv. Aging 389-398.

Schmitz, L.L., Zhao, W., Ratliff, S.M., Goodwin, J., Miao, J., Lu, Q., Guo, X., Taylor, K.D.,
Ding, J., Liu, Y., Levine, M., Smith, J.A., 2022. The socioeconomic gradient in
epigenetic ageing clocks: evidence from the multi-ethnic study of atherosclerosis and
the health and retirement study. Epigenetics 17 (6), 589-611. https://doi.org/
10.1080/15592294.2021.1939479.

Simons, R.L., Ong, M.L., Lei, M.-K., Klopach, E., Berg, M., Zhang, Y., Philibert, R.,
Gibbons, F.X., Beach, S.R.H., 2022. Shifts in lifestyle and socioeconomic
circumstances predict change—for better or worse—in speed of epigenetic aging: a
study of middle-aged black women. Soc. Sci. Med. 307, 115175 https://doi.org/
10.1016/j.socscimed.2022.115175.

Storey, J.D., 2002. A direct approach to false discovery rates. J. Roy. Stat. Soc.: B
(Statistical Methodology) 64 (3), 479-498. https://doi.org/10.1111/1467-
9868.00346.

Storey, J.D., 2003. The positive false discovery rate: a Bayesian interpretation and the g-
value. Ann. Stat. 31 (6), 2013-2035. https://doi.org/10.1214/a0s/1074290335.
Storey, J.D., Bass, A.J., Dabney, A., Robinson, D., 2023. Qvalue: Q-Value Estimation for

False Discovery Rate Control. https://doi.org/10.18129/B9.bioc.qvalue.

Tan, J.J.X., Kraus, M.W., Carpenter, N.C., Adler, N.E., 2020. The association between
objective and subjective socioeconomic status and subjective well-being: a meta-
analytic review. Psychol. Bull. 146 (11), 970-1020. https://doi.org/10.1037/
bul0000258.


https://doi.org/10.1016/j.socscimed.2024.116990
https://doi.org/10.1016/j.socscimed.2024.116990
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref1
https://doi.org/10.1093/aje/kwx346
https://doi.org/10.1093/aje/kwx346
https://doi.org/10.7554/eLife.73420
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref4
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref4
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref6
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref6
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref6
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref7
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref7
https://doi.org/10.1037/bul0000270
https://doi.org/10.1037/bul0000270
https://doi-org.ezp1.lib.umn.edu/10.1037/hea0000534
https://doi-org.ezp1.lib.umn.edu/10.1037/hea0000534
https://doi.org/10.1073/pnas.2215840120
https://doi.org/10.1001/jamahealthforum.2021.1652
https://doi.org/10.1001/jamahealthforum.2021.1652
https://doi.org/10.1371/journal.pgen.1008104
https://doi.org/10.1371/journal.pgen.1008104
https://doi.org/10.1093/pnasnexus/pgac029
https://doi.org/10.1093/pnasnexus/pgac029
https://doi.org/10.1016/j.molcel.2012.10.016
https://doi.org/10.1016/j.molcel.2012.10.016
https://doi.org/10.1038/s41398-021-01735-7
https://doi.org/10.1186/gb-2013-14-10-r115
https://doi.org/10.1001/jamanetworkopen.2023.17987
https://doi.org/10.1001/jamanetworkopen.2023.17987
https://doi.org/10.1093/gerona/glad078
https://doi.org/10.1093/gerona/glad078
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref19
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref19
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref19
https://doi.org/10.1001/jamanetworkopen.2020.24329
https://doi.org/10.1001/jamanetworkopen.2020.24329
https://doi.org/10.1038/s41588-018-0147-3
https://doi.org/10.18632/aging.101414
https://doi.org/10.18632/aging.101414
https://doi.org/10.7554/eLife.51507
https://doi.org/10.1038/s41467-017-02697-5
https://doi.org/10.18632/aging.204434
https://doi.org/10.18632/aging.204434
https://doi.org/10.1016/j.socscimed.2021.114405
https://doi.org/10.1016/j.socscimed.2021.114405
https://doi.org/10.1007/BF01080045
https://doi.org/10.1161/JAHA.119.015698
https://doi.org/10.1016/j.arr.2021.101348
https://doi.org/10.1016/j.arr.2021.101348
https://doi.org/10.1038/s41588-022-01016-z
https://doi.org/10.1016/j.cmet.2023.03.015
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref33
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref33
https://doi.org/10.1111/acel.13197
https://doi.org/10.1093/gerona/glz099
https://doi.org/10.1093/gerona/glz099
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref36
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref36
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref36
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref37
http://refhub.elsevier.com/S0277-9536(24)00434-9/sref37
https://doi.org/10.1080/15592294.2021.1939479
https://doi.org/10.1080/15592294.2021.1939479
https://doi.org/10.1016/j.socscimed.2022.115175
https://doi.org/10.1016/j.socscimed.2022.115175
https://doi.org/10.1111/1467-9868.00346
https://doi.org/10.1111/1467-9868.00346
https://doi.org/10.1214/aos/1074290335
https://doi.org/10.18129/B9.bioc.qvalue
https://doi.org/10.1037/bul0000258
https://doi.org/10.1037/bul0000258

K.E. Markon et al.

U.S. Census Bureau, 2024. Educational attainment in the United States: 2021. Retrieved
from. https://www.census.gov/data/tables/2021/demo/educational-attainment/c
ps-detailed-tables.html. (Accessed 1 April 2024).

U.S. Census Bureau, 2024. Mean Family Income in the United States [MAFAINUSA646N].
Retrieved from Federal Reserve Bank of, St. Louis. https://fred.stlouisfed.org/series
/MAFAINUSA646N. (Accessed 1 April 2024).

Vetter, V.M., Drewelies, J., Sommerer, Y., et al., 2022. Epigenetic aging and perceived
psychological stress in old age. Transl. Psychiatry 12, 410. https://doi.org/10.1038/
$41398-022-02181-9.

Williams, Matt N., Grajales, Carlos Alberto Gémez, Kurkiewicz, Dason, 2013.
Assumptions of multiple regression: correcting two misconceptions. Practical Assess.
Res. Eval. 18 (11). http://pareonline.net/getvn.asp?v=18&n=11.

Social Science & Medicine 352 (2024) 116990

Yousefi, P.D., Suderman, M., Langdon, R., Whitehurst, O., Davey Smith, G., Relton, C.L.,
2022. DNA methylation-based predictors of health: applications and statistical
considerations. Nat. Rev. Genet. 23 (6), 369-383. https://doi.org/10.1038/541576-
022-00465-w.

Zannas, A.S., Arloth, J., Carrillo-Roa, T., Iurato, S., Roh, S., Ressler, K.J., Nemeroff, C.B.,
Smith, A.K., Bradley, B., Heim, C., Menke, A., Lange, J.F., Briickl, T., Ising, M.,
Wray, N.R., Erhardt, A., Binder, E.B., Mehta, D., 2015. Lifetime stress accelerates
epigenetic aging in an urban, African American cohort: relevance of glucocorticoid
signaling. Genome Biol. 16 (1), 266. https://doi.org/10.1186/513059-015-0828-5.


https://www.census.gov/data/tables/2021/demo/educational-attainment/cps-detailed-tables.html
https://www.census.gov/data/tables/2021/demo/educational-attainment/cps-detailed-tables.html
https://fred.stlouisfed.org/series/MAFAINUSA646N
https://fred.stlouisfed.org/series/MAFAINUSA646N
https://doi.org/10.1038/s41398-022-02181-9
https://doi.org/10.1038/s41398-022-02181-9
http://pareonline.net/getvn.asp?v=18&amp;n=11
https://doi.org/10.1038/s41576-022-00465-w
https://doi.org/10.1038/s41576-022-00465-w
https://doi.org/10.1186/s13059-015-0828-5

	Associations between epigenetic age acceleration and longitudinal measures of psychosocioeconomic stress and status
	1 Methods
	1.1 Participants and general design
	1.2 Socioeconomic and psychosocial measures
	1.3 Epigenetic markers
	1.4 Analyses

	2 Results
	3 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Appendix A Supplementary data
	References


