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Abstract

Objective: We systematically review the literature on social epigenetics, examining how
empirical research to date has conceptualized and operationalized social determinants of health
(SDOH).

Methods: Using comprehensive search procedures, we identified studies that consider the impact
of SDOH on DNA methylation (DNAm), the most common measure of epigenetic change in
research on human adult populations. We analyzed the studies to determine: 1) which populations
and environments have been investigated in the literature; 2) how SDOH are defined and
operationalized; 3) which SDOH have been linked to DNAm; and 4) what lessons from the SDOH
literature can be better integrated into future studies exploring the social determinants of health
and epigenetic outcomes.

Results: We identified 67 studies, with 39 to 8,397 participants. The SDOH most commonly
considered were early life socioeconomic exposures and early life trauma or mental health. Our
review highlights four broad challenges: a) high dependence on convenience sampling, b) limited
racial/ethnic, and geographic diversity in sampling frames, c) overreliance on individual
sociodemographic characteristics as proxies for broader stratification processes, and d) a focus on
downstream social determinants of health and individualized experiences with social stressors.

Conclusions: Future social epigenetics research should prioritize larger, more diverse and
representative population-based samples and employ the SDOH framework to better inform the
conceptualization of research questions and interpretation of findings. In particular, the simplified
depiction of race/ethnicity, gender, and socioeconomic status as individual-level characteristics
should be updated with an explicit acknowledgement that these characteristics are more accurately
interpreted as cues used by society to differentiate subpopulations. Social epigenetics research can
then more clearly elucidate the biological consequences of these social exposures for patterns of
gene expression, subsequent disease etiology, and health inequities.
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1. Introduction

Human genome mapping has prompted massive growth in research at the intersection of the
biological and social sciences, with multiple sub-fields and a rapid pace of technological
innovation. Numerous publications (e.g. Bliss 2018; Landecker & Panofsky, 2013; Suzuki &
von Vacano, 2018) have alerted social and behavioral scientists to the genomic revolution,
urging them to become familiar with key concepts and methods in order to meaningfully
contribute to this burgeoning area of study. Many researchers have eagerly answered the
charge, turning social genomics and, more recently, social epigenetics into an exciting new
frontier for interdisciplinary population health research (Conley & Fletcher, 2016; Mitchell
etal., 2016). New biomarkers that track the influence of social and environmental
determinants on health across the life course are being identified and used as both outcomes
and predictors in a growing literature. Questions remain, however, about whether and how
such research incorporates key concepts and methodological insights from the social
sciences, and specifically the vast literature on the social determinants of health (SDOH).

We systematically review the empirical literature on social epigenetics, the subfield of
genomics which asks whether and how exposures to the physical and social environment
influence differential gene expression. We focus on studies linking social exposures to DNA
methylation (DNAmM), the most pervasive marker of epigenetic alteration in current
population-based research. We analyze this literature’s definition and operationalization of
the SDOH and offer suggestions for better integrating the SDOH framework into future
research.

1.1. Up and Down the Stream of Causation: Genomics, Epigenetics, and Embodiment

Social epidemiologists use a running stream as a metaphor describing the causal influences
flowing from distal social factors down to proximate, individual (and frequently behavioral)
factors that shape health outcomes (Braveman et al., 2011; Glass & McAtee, 2006). The
genomics revolution has uncovered a previously concealed portion of this stream, with social
genomics and social epigenetics diverging in their depiction of the biosocial current’s
direction. While social genomics explores the way in which fixed biological traits underlie
socially-influenced health outcomes, social epigenetics investigates the pathways by which
social factors become embodied and manifest in disparate health outcomes.

The starting point for social genomic investigations is downstream, at the level of the
specific, immutable genes with which individuals are born. These studies focus on
identifying gene specific nuclear polymorphisms (SNPs) and/or polygenic scores,
statistically identified gene clusters that explain a portion of the variation in outcomes
known to be socially patterned. Recent social genomics research incorporates upstream
social, economic, and environmental factors — e.g. education (Barcellos et al., 2018;
Domingue et al., 2015; Okbay et al., 2016) and neighborhood contexts (Boardman et al.
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2012; Olden et al., 2015) -- via gene-environment interactions, natural experiments, and as
outcomes presumed to be at least partially biologically determined. This genomic research
aims to capitalize on the fixed nature of the genetic code to explore whether differences in
genes and genetic polymorphisms explain physical and behavioral outcomes independently
or in concert with contextual factors. To date, however, individual candidate genes and
polygenic scores have accounted for a relatively small portion of observed differences in
health, education, and similar outcomes (Manolio et al. 2009; Witte, 2010). Furthermore,
although polygenic scores are increasingly understood as powerful statistical predictors that
reflect the interactions of genes and environment (Conley et al., 2016), they are criticized for
inflating the apparent causal association of genotypes with observed phenotypes while
masking the mechanisms that generate social disparities (Morris et al., 2020).

The newer field of social epigenetics likewise seeks to add biological depth to our
understanding of variation in health and disease, but from a different causal perspective.
Taking the fundamental similarity of all human DNA profiles as a point of departure, social
epigenetics asks whether and how exposures to the physical and social environment
differentiate global and cell-specific gene expression. Epigenetic alterations control
transcription of genetic information without changing the static underlying gene sequences
(Simmons, 2008). Mechanisms include histone modification, RNA silencing, protein
folding, and DNAmM — the most common measure of epigenetic change in social science
research to date. Methylation involves the binding of methyl groups to the cytosine
nucleotide located next to a guanine nucleotide, linked by a phosphate (or CpG) site. The
addition of methyl groups to the DNA regulate which genes are expressed and how, allowing
cells, organs and tissues in the body to develop and differentiate over the life course from
early embryogenesis through adult aging (Champagne & Curley, 2011). Epigenetics also
influences inheritance of genomic changes across generations through a process called
imprinting (Bartolomei, 2009). Epigenetic mechanisms are thus both a critical component of
normal development and potential contributors to processes of disease and dysregulation.

While the majority of methylation marks remain stable, approximately 10-20% of CpGs do
change methylation status within a 6-10 year period (Chen et al., 2016). These changes are
thought to drive abnormal activation or silencing of genes which can have adverse effects on
biological processes shaping health and longevity. Epigenetic changes are increasingly
considered a mechanism contributing to differential aging and life expectancy (Horvath,
2013), and may be one mechanism by which deleterious social and economic exposures alter
immune function, increase systemic inflammation, and influence other markers of complex
chronic diseases with well-documented health disparities (Ferrucci et al., 2020; Vidrascu et
al., 2019; Xia et al., 2014).

Social epigenetic research thus holds the promise of explicating a long-theorized process of
embodiment, the idea that humans — as biological and social beings — biologically
incorporate their social and physical environment (Krieger, 2005). The weathering
hypothesis (Geronimus, 2006) was among the first and most influential attempts to explain
health inequities as the biological consequences of economic hardship, discrimination, and
social marginalization. Allostatic load (McEwen, 1998), telomere length (Brown et al.,
2017), inflammation (McDade et al., 2006), and altered stress response have all been
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considered as biological indicators of weathering — measures that could demonstrate how the
stresses associated with various deleterious experiences becomes embodied. Nonetheless,
they have proven limited in explaining variation in health and mortality across populations
(Kennedy et al., 2014). Social epigenetics represents the current frontier in bridging social
science and biology, aiming to more clearly understand the pathways linking the physical,
built, and social environments with differential gene expression and health disparities
(Champagne & Curley, 2011; Cunliffe et al., 2016; Tung et al., 2013; Thayer & Non, 2015).

Defining Social Determinants of Health

Epigenetics’ “upstream” perspective resonates with social scientists and public health
researchers who have long called attention to the contextual factors that “get under the skin”
to shape population health (Syme, 1987). The World Health Organization’s Global
Commission on Social Determinants of Health (CSDH, 2008) broadly defined social
determinants of health (SDOH) as “the structural determinants and conditions of daily life”
which are “responsible for a major part of health inequities between and within countries.”
The SDOH perspective requires active recognition of “the unequal distribution of power,
income, goods, and services, globally and nationally, the consequent unfairness in the
immediate, visible circumstances of people’s lives — their access to health care and
education, their conditions of work and leisure, their homes, communities, towns, or cities —
and their chances of leading a flourishing life.”

Within the CSDH framework (Solar & Irwin, 2007), a distinction is made between
“context,” “structural stratifiers,” and “intermediary determinants of health.” Context
represents social, economic, and political mechanisms that generate, configure, and maintain
social hierarchies (e.g., labor market, educational system). Structural stratifiers (e.g., racism,
classism, heterosexism) generate social and economic divisions that shape hierarchies of
power and individual socioeconomic position. In research, these stratification processes are
often proxied via individual-level measures of gender, race, ethnicity, and class (among
others). Context and structural stratifiers operate through intermediary material channels
(e.g. housing, neighborhood infrastructure) and psychosocial pathways (e.g. experiences of
adversity and discrimination, availability of social supports) to influence “downstream”
behavioral factors. Taken together, context, structural stratifiers, and intermediary material
and psychosocial channels are the fundamental, “upstream” social causes that underlie
multiple health outcomes via multiple pathways (Braveman et al., 2011; Link & Phelan,
1995).

We also draw upon the contributions of critical race and gender scholarship (Bowleg, 2019;
Nuru-Jeter et al., 2018) that has highlighted the dangers associated with relying upon
sociodemographic indicators, such as race, as explanatory variables without regard for the
underlying social processes (e.g., institutional discrimination) that assign privileges and
disadvantages based upon social classifications. In the context of biomedical and genetics
research, this atheoretical approach often leads to health inequities being interpreted as
essentially rooted in individual bodies or genes, rather than in the social and economic
structures that act on those bodies. We embrace the notion of upstream SDOH by examining
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context, structural stratifiers that are conceptually defined as social constructs, and the
accompanying psychosocial factors.

Though the complex and multifaceted influence of the SDOH renders their
operationalization challenging, the perspective is increasingly accepted in public health
research and policy circles (Kneipp et al., 2018; RWJF Commission, 2019). A growing
literature documents how pervasive social problems like racism (Williams & Mohammed,
2013), poverty (Phelan et al., 2010), and discrimination based on gender (O’Neil et al.,
2018), sexual identity and orientation (Baptiste-Roberts et al., 2017), nativity (Viruell-
Fuentes et al., 2012), disability status (Krahn et al., 2015), and intersections therein are
linked with environmental justice and health inequities. The SDOH have been found to have
greater explanatory power for observed health inequalities relative to down-stream factors.
For example, a meta-analysis concluded that the number of U.S. deaths in 2000 attributable
to low education, racial segregation, and low social support was comparable with the
number attributable to myocardial infarction, cerebrovascular disease, and lung cancer,
respectively (Galea et al., 2011). SDOH such as economic inequality also explain
considerably more variation in health than individual candidate genes or polygenic scores
(Bezruchka, 2012; Manolio et al., 2009; Witte, 2010). These variations suggest that SDOH
have important biological consequences, with epigenetics potentially playing a role in
linking individual and contextual factors with health outcomes across the life course,
importantly including young through middle-adulthood (Geronimus, 2013).

We focus our systematic review on studies that have investigated the role of upstream social
factors on DNAm, the most common epigenetic outcome in social science, psychology and
population health research to date. We ask how empirical research on DNAm has
incorporated the SDOH, consider the populations and environments that have been included
in studies, and assess the ways that the SDOH have been conceptualized and operationalized
in the literature. While several prior reviews have called attention to the utility of epigenetics
in understanding health disparities, this is, to our knowledge, the first review to consider and
evaluate the application of a SDOH framework in epigenetic research.

2. Methods and Materials

2.1

We used comprehensive search procedures to identify empirical studies examining the
impact of SDOH on DNAm outcomes in adults. We analyzed the studies to determine: 1)
Which populations and environments are represented in the literature; and 2) how epigenetic
researchers define and operationalize SDOH across and within populations. We end by
evaluating the integration of the SDOH framework into social epigenetic research and
suggesting directions for future research.

Data Sources and Inclusion criteria

We defined social determinants of health to align with the upstream conceptualization and
limited the scope of review to studies that assess the effects of SDOH on DNAm in adults
(see figure 1). Note that while methylation was measured among adults, the SDOH indicator
may have been identified at any point in the life-course. We conducted a systematic search
of PubMed (1950-) and Scopus (1995-) from inception to March 2020. Searches used the
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following title, abstract, keyword and Medical Subject Headings (MeSH) terms: (1) social
determinants of health, sociological factors, and population health and (2) DNAm,
epigenetic, epigenesis, or epigenetic clock. We excluded non-English publications and
papers that dealt with animal models only. Conference papers, abstracts, letters, notes, and
short surveys were also excluded from the review. Systematic reviews and editorials that met
our inclusion criteria of containing a focus on upstream SDOH and DNAm in adulthood
were screened for relevant information to our discussion, but were not included in the final
count of empirical publications covered in this systematic review.

After combining search results in Endnote X8 and removing duplicates, a total of 1,556
articles were screened for inclusion by sequentially applying the criteria listed in figure 1.
An article was tagged for exclusion based upon the first criteria that was not met. To test the
review criteria and standardization of the review process across the three-member review
team, each reviewer independently screened a subset (approximately 20%) of the
publications to assess eligibility. Inter-reviewer disagreement was discussed and resolved by
consensus or via guidance from a senior author. Following this initial step, the remainder of
the studies were split between the three-member review team and screened against the
inclusion criteria. Subsequent checks were periodically made by one of the principal
investigators throughout this second stage of the review process. After full-text review, 67
empirical articles met the inclusion criteria. See figure 2 for full details on the selection
process.

2.2 Data Abstraction and Analysis

For each of the 67 studies, we extracted information on study design, sample size, age-range,
racial/ethnic composition, SDOH exposure, study methods (e.g. epigenome-wide association
studies (EWAS) vs. targeted CpG analyses), DNAm and other health outcomes assessed.
Data were entered into a standardized extraction template and summarized. A formal meta-
analysis was not conducted due to the heterogeneity of the studies with regard to exposure
type, as well as the measurement of DNAm, and research design. Standard procedures to
assess study quality were likewise not applicable.

We analyzed the studies to determine which populations and environments are represented
in the literature and how they inform the investigation of upstream stratification processes
and contexts. Next, we differentiated between articles that employed an explicit social frame
and those that used individual-level demographic and social variables for classification of
respondents. We excluded studies that listed race or ancestry as a covariate without noting
what exposure it was meant to represent, leaving many readers to interpret it as a biological
trait. While ancestry is indeed associated with the presence or absence of specific genes or
polymorphisms, it does not clearly map on to our contemporary socially-constructed discrete
enthnoracial categories (Fujimura et al., 2014; Zuberi et al., 2015). Consequently, we
considered articles to employ a social frame only if they discussed race/ethnicity in the
context of lived experiences. Finally, focusing on the articles written using a social frame,
we examined how the SDOH were defined and operationalized in the analysis, and how they
were engaged in the discussion. Below, we describe our findings and discuss the incomplete
integration of the SDOH perspective into the existing social epigenetic literature.
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3. Results

3.1 Study characteristics

Table 1 presents aggregate statistics on the 67 included empirical studies, published between
2000 and 2020 (see appendix A for full details on study design). Only one study examining
methylation of specific loci associated with PTSD was published prior to 2010. The pace of
publication accelerated after 2012 with 8-10 per year published between 2017 and 2019. A
majority of studies were conducted in North America (61% n=41), predominantly within the
U.S. (n=38), followed by the U.K. (n=9), other countries in Western Europe (n=7), Asia
(n=4), Central and South America (n=2), and the Middle East (n=1) and Africa (n=1). Three
additional studies were multinational. Half of the selected studies were drawn from sample
sizes of 300 or less; the other half was partitioned between sample sizes of 301-600 (n=13),
601-1000 (n=7), and over 1000 (n=12).

Ninety percent of the epigenetic study designs were ancillary studies using random or
purposely selected sub-populations from existing cohorts (n=60), 7% were case-control
designs, and 3% (n=2) were multinational studies comprised of a mix of cohort and case-
control study designs. A majority of the ancillary studies were drawn from longitudinal
cohorts. Only two of the included cohort studies utilized repeated measures of DNAm to
examine changes over time (Lawn et al., 2018; Sipahi et al. 2014).

Forty percent of the epigenetic studies were conducted from convenience samples (n=27).
Recruitment sites for convenience samples included blood drives and community clinics
(Barcelona et al., 2018; Campesi et al., 2013; Janusek et al., 2017; Santos et al., 2018),
workplaces (Adams et al., 2017; Algeria-Torres et al., 2013; Goodrich et al., 2013), and ads
in local media (Austin et al., 2018). In one case, a respondent-driven sampling design was
employed to approximate random sampling (Kogan et al., 2018). Although many of the
cohort studies were initially constructed as probability-based samples, very few of the
ancillary studies (n=14) explicitly stated, in text, an effort to maintain the complex sample
structure when collecting and analyzing DNA for methylation (e.g., Beach et al., 2014,
2016; Brody et al., 2016; Chen et al., 2016; Chi et al., 2016; Lei et al., 2015; Needham et al.,
2015; Simons et al., 2016, 2017). Instead, epigenetic subsamples that piggybacked on
population-based surveys or epidemiologic cohorts frequently relied upon voluntary
response sampling (e.g., Bustamante et al., 2016, 2018; Huang et al., 2016) and employed
eligibility criteria that may have compromised the original sampling frame and
representativeness. For example, participation in all waves of data (e.g., Hughes et al., 2018),
non-immigrant status, and white ethnicity (Borghol et al., 2012; Hughes et al., 2018;
Suderman et al., 2014) are a few examples of instituted selection criteria.

3.2. Study participants

We report the age-range of study participants based upon the age at the time of DNAm
measurement. Most studies were conducted with middle-aged adults (67%), age 35 to 60
years. Thirty-nine percent of the studies (n=26) included young adults under age 35 and 22%
(n=15) included older adults, age 61 years or older. Only 7% (n=5) of studies included
participants that spanned across young, middle, and older adult ages. Roughly three quarters
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of the selected studies (n=48) included men and women. Among the studies that included a
single sex, a larger share were derived from pregnancy-birth cohorts and therefore focused
on females only (n=19).

In reviewing the racial/ethnic composition of studies, we defined a study as predominantly
monoracial if the study sample was comprised of 85% or greater of a single race. Among the
41 studies conducted in North America, 39% were monoracial — Black/African-American
only (29% n=12), White only (7% n=3), or Latinx only (2% n=1). Another 21 of the North
American studies had some diversity in the sample and the remainder did not explicitly
identify the racial and ethnic composition of the sample.

Among the European studies, 20% (3 from the UK and 1 from Germany) specified
monoracial White, non-immigrant samples. The remaining 73% of European studies did not
discuss the racial and ethnic composition of their samples. Based upon information
published elsewhere on the larger cohorts from which the epigenetic samples were drawn
(Boyd et al., 2012; Fraser et al., 2012; Milne et al., 2017; Wadsworth et al., 2006), we infer
that these samples are predominantly white. Two of the 8 studies conducted outside of North
America and Europe explicitly identified the ethnic/ethnoreligious composition of their
samples — Tutsi ethnicity (Perroud et al., 2014) and Jewish ancestry (Yehuda et al., 2016).
One of the 3 multinational studies had diversity present across the U.S., Latin American, and
Central African subsamples (Horvath et al., 2016).

3.3 Measures of DNA methylation

Thirty three percent of studies measured CpG-specific methylation on or in promotor
regions of targeted genes only (n=19), 7% examined global methylation only (n=4), and
another 7% combined global and CpG-specific methylation measures (n=4). The other half
of studies (n=29) employed epigenome-wide methylation measures, using an exploratory
approach to identify specific changes in DNAm. Roughly half of these EWAS-analyses led
to investigating candidate genes or regions specific to a particular health condition of
interest. Thirteen studies quantified methylation patterns across the genome to produce a
composite measure of accelerated aging, 31% based on the Horvath clock (n=4), 15% on the
Hannum clock (n=2), or a combination of the two (54% n=7).

Recent advances find methylation across the genome can vary by cell composition and tissue
site. A majority of studies (81% n=54) relied solely on peripheral blood as the source of
DNA collection with 21 specifying use of peripheral blood mononuclear cells and another
14 specifying use of blood leucocytes. Among these studies, 30 used venipuncture blood
draw, 3 combined venipuncture and blood spots, and the remaining did not provide enough
detail to discern blood collection approach. Seven studies used a buccal cheek swab or spit
saliva. Two studies derived DNA from tumor tissue and another 4 studies combined blood
with saliva, brain, or adipose tissue. The most common approach to quantifying DNAm was
to use microarray-based methods (n=32), followed by pyrosequencing (n=18).

Of the 67 studies reviewed, 43% (n=29) tested DNAm as a potential mediator to one or more
health outcomes. A total of 12 health domains were examined across these 29 studies, with
mood disorders and internalizing behaviors (n=9) and inflammatory markers or cortisol
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response (n=7) being the most commonly studied. Other health outcomes included
cardiometabolic risks, sleep phenotypes, cancers, stress, having a low birthweight baby,
externalizing behaviors and substance-use, Parkinson’s disease, and self-rated health.

3.4 Defining and measuring SDOH

Table 2 categorizes studies based upon the primary SDOH investigated and provides
information on the indicators used to define the SDOH. We excluded 148 empirical papers
for investigating a.) downstream social determinants of health only (e.g., health behaviors
such as diet, physical activity) or b.) racial/ethnic and gender differences without explicit
discussion on the social meaning of these variables. One hundred and sixteen of the 148
excluded empirical papers included a measure of race/ethnicity or gender, yet treated these
factors as biological traits, essentialized variables, or allowed for ambiguity in interpretation
by not defining these variables or elaborating upon in the discussion. As such, only 7 studies
were included in this review for examining race/ethnicity, gender, or geography (Barfield et
al., 2019; Campesi et al., 2013; Guerrero-Preston et al., 2019; Horvath et al., 2016;
Subramanyam et al., 2013; Tajuddin et al., 2019; Toyooka et al., 2003) as a primary SDOH
while also employing a social frame. Examples of qualifying language for inclusion can be
found in Subramanyam et al. (2013) who described race/ethnicity as “a social factor because
of evidence showing strong patterning of various social exposures by race/ethnicity in the
United States” or Campesi et al. (2013) who stated that the term sex-gender reflects “both
physiological distinctions between sex and environmental and social influences, such as
social status.”

Within our framework, socioeconomic status (SES) then became the most commonly studied
SDOH (33% n=22 as the primary focus). Five papers focused on low-SES exposure in
childhood, 6 in adulthood, and another 11 investigated the combined influence of childhood
and adulthood SES or trajectories (e.g., upwardly/downwardly mabile, stable). Measures of
SES were most commonly constructed at the individual-level, based upon indicators of the
parental or respondent’s own income, education and occupation. In fewer cases, assessments
of household income, wealth, poverty status, TANF receipt, home ownership, self-reported
unmet needs, and family composition (e.g. single-parent household) were included in
composite measures of SES.

Early-life adversity was the next most commonly investigated SDOH in epigenetic studies
(28% n=19), with adverse childhood experiences (ACES) centered in analyses. ACE scores
tallied experiences with violence, abuse, household presence of substance use or mental
health problems, and in a few instances, parental separation or death. In 5 of these studies,
abuse-related trauma was investigated in conjunction with childhood SES, assessed by
researchers interested in the collective and long-term effect of material and psychosocial
adversity in childhood. Another 2 studies investigated trauma exposure via standard PTSD
assessment protocols, unconstrained to a specific lifestage (Sipahi et al., 2014; Uddin et al.,
2010). Other studies explored the trauma of discrimination, measured at societal and
interpersonal levels. For example, one study examined state-sponsored persecution inflicted
upon Jewish Holocaust survivors and intergenerational trauma carried forward to adult
offspring (Yehuda et al., 2016) and another investigated direct exposure to the Rwandan
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genocide among women of Tutsi ethnicity (Perroud et al., 2014). Three other studies
examined reports of interpersonal experiences of racism and discrimination among African-
American women (Barcelona et al., 2018), Latina women during the perinatal period (Santos
et al. 2018), and African-American young adults (Brody, 2016a).

A third of included studies focused on place-based social exposures external to the
household setting (n=21). While the examination of physical toxins is prevalent in epigenetic
studies, we included only 9 in our review based upon a discussion of policies, institutions, or
places as sources of differential distributions in risk exposures. Workplace physical
exposures included toxins present in brickmaking (Algeria-Torres et al., 2013), carbon
nanotubes at a production facility (Ghosh et al., 2017), and mercury in the dental occupation
(Goodrich et al. 2013). Neighborhood physical toxins included air pollution (n=3) (Chi et
al., 2012; Gondalia et al., 2019; Peluso et al., 2012), and living in a mining community
(Castillo et al., 2017) or proximally close to a PCB manufacturing plant (Pittman et al.,
2020). Another 12 place-based studies focused on psychosocial exposures, such as shiftwork
or job strain in the workplace (Adams et al., 2017; Bhatti et al., 2015) or social and
economic features of a neighborhood, including neighborhood-level deprivation (n=5),
community crime and violence (n=3), aesthetics and cohesion (n=1) (Guerrero-Preston et
al., 2019; Janusek et al., 2017; Hsu et al., 2019; Lei et al., 2015; McCartney et al., 2017;
McClelland et al., 2016; McGuiness et al., 2012; Simons et al., 2017; Smith et al., 2017).

4. Discussion

Social epigenetics has incorporated lessons from the SDOH literature by extending inquiry
into the role of economic deprivation, childhood adversities, discrimination, and place-based
stressors on DNAm in adulthood. However, our review highlights gaps that constrain
knowledge production on how human bodies biologically respond to their social
environments. We identified four broad challenges: a.) limited racial/ethnic, and geographic
diversity in sampling frames, b.) high dependence on convenience sampling, c.) overreliance
on sociodemographic characteristics as proxies for stratification processes, and d.) a focus
on downstream SDOH and individualized experiences with social stressors. Each of these
points are discussed in further detail below.

4.1 Representativeness

Echoing patterns observed in genomics research (Popejoy & Fullerton, 2016), a majority of
the epigenetic studies reviewed were conducted in the Global North, among monoracial
populations. Over 80% of reviewed studies originated from North America and Western
Europe. Within North American studies, 40% focused on a singular race group, often
African Americans. In European studies, a majority were conducted with predominantly
white samples — a determination we made from sample descriptions, or in unspecified
circumstances, information extracted from external documentation. The lack of racial/ethnic
diversity in genomics studies stems from the field’s pattern of sampling from established
cohorts and its conception of race as solely a biological marker of ancestry rather than as a
system of social classification with social, economic, and biological consequences for
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groups (Bentley et al., 2017; Matthew, 2019). We find similar practices in epigenetics
research.

Particularly in the European context, the lack of diversity is partly dictated by cohort
sampling frames established in the mid 1990s, when less attention was directed toward the
role of racism and xenophobia in class disparities. Also, a significant proportion (36% n=24)
of studies neglected to specify the racial/ethnic composition of their sample, requiring
readers to search elsewhere for this information or assume that countries are a proxy for
their dominant racial/ethnic group. These practices make it impossible to know if observed
findings hold across groups or global regions absent from epigenetic samples. The omission
matters not because race is presumed to have biological relevance, but rather because the
social conditions in which people live differ by race/ethnicity and geography due to long-
standing power structures. These social factors differentiate exposure to SDOH and drive
variation in gene expression and disease.

Slightly under half of all studies relied upon small, convenience samples. Recruitment of
populations readily available at community clinics, blood drives, or ads in local media risk
underrepresentation of subgroups that are harder to reach yet inherently important to fully
answering questions about the SDOH. Likely underrepresented are both extremes on the
spectrum of social privilege: the most oppressed due to issues of access (e.g., undocumented
status, lack of health insurance, distal proximity to clinics) and the most privileged due to
economic resources that afford buying out of public services. Consequently, variation
decreases in the sample and researchers are less able to make inference to these particular
subpopulations and to detect differences across groups.

Even in ancillary studies attached to population-based cohorts, sampling bias has likely been
introduced via attrition and selection criteria employed in determining epigenetic
subsamples. For example, in some of the longitudinal surveys, attrition due to death,
migration, and incarceration has limited representativeness of epigenetic subsamples drawn
from latter waves of data (e.g., Beach et al., 2010, 2011; Loucks et al., 2016). Reliance on
voluntary response sampling has also confined epigenetic subsamples to the most accessible
part of populations (e.g., Bustamante et al., 2016, 2018; Huang et al., 2016). In other cases,
eligibility criteria applied to epigenetic subsamples, such as participation in all waves of data
(e.g., Hughes et al., 2018) or non-immigrant and white ethnicity (e.g., Borghol et al., 2012;
Hughes et al., 2018; Suderman et al., 2014) further restricted analyses to less-representative
subpopulations. Eligibility criteria employed at the outset of some population-based surveys
(e.g., singleton births within marriage in the MRC National Survey on Health and
Development, English-speakers in the pSoBid cohort, and absence of clinical cardiovascular
disease and baseline weight less than 300 pounds in the MESA cohort) may raise further
questions about the representativeness of even the larger, more diverse cohort studies. Future
epigenetic studies derived from longitudinal cohorts must openly discuss the limitations
imposed by the original sample design.

To fully understand the role of epigenetics in population-based health inequities, we
recommend that contemporary cohort studies integrate the SDOH as key exposures at the
onset of study design, rather than retroactively. Doing so means prioritizing data collection
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from diverse samples that can demonstrate whether and how racial dynamics and distinctive
contexts impact epigenetic changes and disease outcomes. While recruitment of diverse
samples will require broader outreach and additional resources, the importance of
investment in such efforts is increasingly acknowledged by funding agencies (i.e., NIH All
of Us Research Program) who have begun to direct more resources towards them.

4.2 Heterogeneity in measurement of DNA methylation and associations

Our review highlights the rapid technological advances in the use of DNAm as a marker of
biological weathering. Early studies focused on global methylation, measuring the overall
percent hyper or hypo-methylation in human tissue or blood as indicators of genomic
stability. The advent of array-based assays supported a move towards genome-wide and
epigenome-wide approaches. The newest EPIC Chip Array includes over 850 thousand CpG
sites that can be mapped to specific regions of DNA, supporting the identification of
candidate genes and the testing of more specific hypotheses about SDOH exposures and
outcomes such as altered methylation in stress and neuroendocrine pathways. Array-based
assays have led to DNAm measures of accelerated aging that rely upon a varying number of
CpGs and statical “clock” algorithms, including the most prominent Horvath and Hannum
clocks. However, heterogeneity and rapid changes in analytic methods used to characterize
DNAm renders quantitative comparisons across studies difficult.

Another challenge is heterogeneity in tissue samples and differential cell composition. Array
based assays have the advantage of using validated statistical adjustments to account for
differences, while others extract monocytes and leucocytes prior to DNA extraction to
account for this source of variability across blood samples. As methods continue to evolve,
the lack of standardization in DNA source and extraction, processing and analytic platform,
and statistical approaches render comparability across studies challenging.

In this review, many studies were derived from longitudinal cohorts, yet only 2 examined
DNAm changes over time, and none examined longitudinal shifts in DNA among middle-
aged or older adults. Further, the reliance on cross-sectional designs mean that epigenetics
was often examined as an outcome, rather than as a predictor of health outcomes. Increased
longitudinal follow-up in epigenetics studies will allow scholars to determine whether
methylation may indeed be understood as early biomarkers of socially determined health
inequities.

4.3 Breadth and Depth in the Measurement of SDOH

Under our search protocol for upstream SDOH we found that adverse childhood experiences
and SES have received the most attention from epigenetic researchers. Initially much of this
work was motivated by research on the associations between childhood adversity, adult
methylation patterns, and mood and adjustment disorders. Increasingly, interest has
expanded into SES over the lifecourse and the association with metabolic disorders and
cardiovascular health. Across studies, measures were typically operationalized at the
individual- or household-level, approximating childhood adversity through self-reported
experiences with abuse and neglect, or proxying household SES from parental education,
occupation, wealth, and unmet needs.
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Fewer studies incorporated SES at neighborhood-levels, perhaps due to a lack of geocoded
data. In the future, we recommend expanded inquiry into area-level measures, as the social
science literature has documented nuanced ways that contextual measures, both geographic
and socioeconomic, matter to health. For example, historical and current practices of
residential segregation in the U.S. have left Black and Latinx families living in
neighborhoods with higher concentrations of poverty and fewer resources and opportunities
than their white counterparts with similar incomes. This contextual exposure is in turn
associated with heightened stress and poorer physical and mental health (Massey & Wagner,
2018; Williams & Collins, 2001). Other studies have revealed that living in a neighborhood
with a greater percentage (up to a threshold) of neighbors from the same racial/ethnic
background, is protective of health for some racial/ethnic minoritized subgroups, especially
at the lowest levels of socioeconomic position (Bécares et al., 2014; Linnenbringer et al.,
2020). Theorized mechanisms suggest that greater in-group representation offers respite
from daily microaggressions and environmental cues that bolster a sense of belonging, social
support, and self-affirmation.

Epigenetic investigations that aim to interrogate the dynamic relationship between place and
health could fruitfully incorporate area-level measures of SES (e.g. family income and
wealth, home ownership, etc.) as well as measures of racial/ethnic composition to illuminate
both deleterious and protective neighborhood features and explore their impacts on diverse
subpopulations. More could also be done to incorporate existing knowledge on the health
impacts of place-based institutions and policies beyond residences and workplaces. Linking
information on transportation, banking, corrections, border protections and national security
(Rudolph et al., 2013) to epigenetic data could open up intriguing new avenues of research.

Although sparse, the literature has expanded into traumas more characteristic of interactions
external to the household context, such as experiences with discrimination. Standard
perceived discrimination scales (Krieger et al., 2005; Landrine & Klonoff, 1996; Williams et
al., 1997) were employed, assessing both interpersonal and major life experiences. In one
instance, state-sanctioned violence was assessed in examining the Holocaust as a predictor
of DNAm. The paucity of these studies, however, suggests many opportunities remain for
the field of epigenetic research to delve further into this area of investigation, e.g. by
incorporating the conceptualization and measurement of ethnoracism beyond the African-
American experience (Ikram et al., 2015; Schunck et al., 2014), and exploring structural
factors that capture intersectional and interlocking systems of oppression (Bailey et al.,
2017).

Notably, numerous studies included measures of race/ethnicity or gender without adequately
specifying what social exposures these variables are intended to proxy or represent. This
suggests that social epigenetics research has yet to fully assimilate calls from social
scientists to guard against biological or cultural essentialism in discussions of differences
across socially-defined subpopulations (Zuberi et al., 2015). Addressing social disparities by
race, gender, or other social identity will first require that researchers acknowledge them as
proxies for hierarchies of power and make efforts to directly measure the structures and
processes responsible for the differential distribution of resources across groups.
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5. Limitations

Our review offers the first assessment of the integration and operationalization of a SDOH
framework in epigenetic research. The epigenetic literature is growing quickly, and our
review focuses particularly on studies employing DNAm -- the most pervasive measure of
epigenetic change -- as a key outcome. Multiple other measures are available, and future
studies could assess the extent to which studies focused on such measures engage with the
SDOH. Furthermore, even among methylation studies, there is substantial variation in cell
and tissue types, and in epigenetic measurements developed over time and employed for
samples at different ages. This heterogeneity and rapid changes in the basic science of
epigenetic processes complicates inferences about the association between various SDOH
and epigenetic markers. The present study focuses on the operationalization of SDOH in
social epigenetic research, and leaves a more formal quantitative assessment of the strength
and direction of specific associations to subsequent research.

The complex and multifaceted influence of the SDOH renders their operationalization in
quantitative research challenging. It is possible that researchers considered the multiple
intersecting ways in which social and economic conditions shape health outcomes in diverse
populations but were constrained by the available samples and extant measures in their
datasets. We highlight the limited way in which social determinants are operationalized as
individual characteristics rather than systemic ones that impact populations with the goal of
spurring conceptual innovation and technical progress on the social side of the epigenetic
frontier.

6. Conclusion and Recommendations

Calls for social scientists to learn the terminology, concepts, methods, and insights of
epigenetic research abound (Bliss, 2018; Suzuki & von Vacano, 2018). To date, however, the
notion that researchers specializing in epigenetics would benefit from incorporating key
concepts and methodological insights from the substantial literature on the SDOH has had
less traction. There are significant upstream social processes that shape lived experiences
and can contribute to biological weathering that are not currently considered as part of the
literature, but have potential for expanding the impact of social epigenetic research. Our
review reveals the incomplete integration of the SDOH perspective into the literature and
points to potential interventions that can substantially bolster the production of knowledge in
this area.

First, disregard for the ways in which social stratification by race and geography may impact
epigenetics has limited racial/ethnic and geographic diversity in the populations being
studied. Epigenetic studies feature slightly more diverse populations than their genomic
counterparts which rely almost exclusively on data from white respondents of European
ancestry (Martin et al., 2019; Popejoy & Fullerton, 2016). Still, our review highlights the
need for epigenetic studies in larger representative, population-based samples that will better
support analyses about the connections between various SDOH and DNAm patterns.
Statistically well-powered samples will also allow researchers to go beyond documenting
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differences in methylation across subpopulations to testing more nuanced hypotheses about
particular exposures that put communities at risk of poorer health.

Second, the epigenetics literature frequently operationalized the social determinants of
health as individual sociodemographic traits like parental education, occupation income,
race/ethnicity or individualized experiences with social stressors such as poverty,
discrimination, or abuse. While this research has generated important insights into the
biosocial mechanisms that shape health outcomes, relying on individual characteristics as
proxies for stratification processes has limited the ability of research to point to upstream,
systemic factors as key determinants of population health. To more accurately portray the
way that systems of social stratification produce real differences in gene expression,
biological functioning, and health, social epigenetics research should eschew a simplified
depiction of race/ethnicity, gender, and socioeconomic status as individual-level
characteristics and explicitly acknowledge that these characteristics are more accurately
interpreted as cues used by society to differentiate people. The SDOH framework teaches us
that social cues are used to distinguish and order groups, allocating power to some and
excluding others. These dynamics differentiate social and economic opportunities as well as
in biomarkers and health outcomes (Chowkwanyun et al., 2018). Future research in
epigenetics could employ this framework to better inform the conceptualization of research
questions and interpretation of findings on a population level.

Finally, epigenetic research must guard against the tendency for biological reductionism and
determinism that have entangled prior biosocial research enterprises (Frank, 2015; Morris et
al., 2020). Epigenetics is at the frontier of bridging social science and biology, and its causal
logic is highly compatible with the SDOH framework. While much progress remains to be
made on understanding the biological mechanisms that underly epigenetic changes,
maintaining the SDOH perspective is crucial if the field is to realize its promise of
explicating how context, structural stratifiers, and intermediary mechanisms get under our
skins and shape population health.
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Appendix A.
Selected Studies and Study Design
Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes

Adams et al. Seattle Female and Male Workplace exposure: Peripheral blood

2017 Shift Worker Study shiftwork Genome-wide m.

USA n=328

39.9% male

Age range: 20-55 yrs
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
77% White, 22% Non-
White
Alegria.-Torres Traditional brick Workplace exposure: Peripheral blood
etal. 2013 producers toxins (PAHS) in Global (Alu) and
Mexico n=39 brickmaking local m. of 7TNF-a,
100% male IFN-y, IL-6, IL-12
Mean age 42.5 yrs (SD
15.84)
No mention of race/
ethnicity, or nativity
Awustin et al. Vancouver cohort Life-course SES Peripheral blood
2018 stratified by SES trajectory Horvath epigenetic
Canada n=335 clock
45% male
Age range: 15 to 55 yrs
73% White
Barcelona et al. Intergen. Impact of Perceived racism & Saliva
2018 Genetic & Psych Factors discrimination Genome-wide m.
USA on BP
n=159
0% male
Age range: 21 to 49 yrs
100% Black/AA
Barfield et al. Multi-Ethnic Study of Sociodemographics: Peripheral blood Sleep
2019 Atherosclerosis (MESA) race/ethnicity Genome-wide m.and  phenotypes
USA and the Cardiovascular ID of differentially
Health Study (CHS) methylated regions
n=619 in MESA and mapped to specific
n=483 in CHS genes
53% female in MESA and
63% female in CHS
Mean age 68 yrs in
MESA and 74 yrs in CHS
21% Black/AA, 33%
Latinx, 46% White in
MESA
49% Black/AA and 51%
White in CHS
Beach et al. lowa Adoptee Study Adverse childhood Peripheral blood
2010 n=192 experience: childhood Local m. of serotonin
USA 50% male physical/sexual abuse transporter promoter
Mean age 48 (range 35 to region SLC6A4
69)
No mention of race/
ethnicity, or nativity
Beach et al. lowa Adoptee Study Adverse childhood Peripheral blood Antisocial
2011 n=155 experience: childhood Local m. of serotonin  personality
USA 0% male sexual abuse transporter protein
Middle-aged, but range S5HTT
unknown
No mention of race/
ethnicity, or nativity
Beach et al. Strong African American Childhood SES and Saliva
2014 Healthy Adult Project financial strain Genome-wide and
USA n=388 local m. of the 5-
50% male HTTL-linked
Mean age 19.2 yrs polymorphic region
100% Black/AA
Beach et al. Strong African American Childhood SES and Peripheral blood Self-reported
2016 Healthy Adult Project financial strain Genome-wide m. health
USA n=398 Protective parenting

50% male
Mean age 19.2 yrs
100% Black/AA

style
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
Bhatti et al. Seattle-based health care Workplace exposure: Peripheral blood
2015 workers shiftwork status Genome-wide m. and
USA n=139 local m. of circadian
41% male genes
Age range: 22 to 40 yrs
77% White, 15% Asian,
4% Black/AA, 4% Other
Borghol et al. 1958 British Birth Cohort ~ Childhood and Peripheral blood
2012 Study adulthood SES Genome-wide m. and
UK n=40 Adulthood financial differentially m.
100% male strain regions by SEP
Age: 45 yrs
100% White, non-
immigrant
Brody et al. Strong African American Perceived racial Peripheral blood
2016 (a) Healthy Adult Projectand  discrimination Genome-wide m.,
USA Adults in the Making Family social support Hannum epigenetic
Project clock
n=616
40% male
Age: 20 yrs (SHAPE) and
22 yrs (AIM)
100% Black/AA
Brody et al. Strong African American  Adverse childhood Peripheral blood
2016 (b) Healthy Adult Project experience: parental Genome-wide m.,
USA n=399 depression, harsh Horvath epigenetic
45.4% male parenting clock
Age: 20 yrs
100% Black/AA
Bustamante et Detroit Neighborhood Adverse childhood Peripheral blood
al. 2016 Health Study experiences: childhood  Local m. of
USA n=147 maltreatment glucocorticoid
38.2% male Major Depressive receptor NR3C1
Mean age 49.6 yrs Disorder
17% White, 77%
Black/AA, 6% Other
Bustamante et Detroit Neighborhood Adverse childhood Peripheral blood Depressive

al. 2018
USA

Campesi et al.

Italy

Castillo et al.
2017
Chile

Chen et al. 2016
USA

Chietal. 2016
USA

Health Study

n=112

44.6% male

Mean age 50.74 yrs (SD
12.96)

16% White, 77%
Black/AA, 7% Other

Blood drive

n=168 49.4% male
Age range: 18 to 40 yrs
No mention of race/
ethnicity, or nativity

Residents of mining and
control community
n=208

46.6% male

Age range: 52 to 85 yrs
No mention of race/
ethnicity, or nativity

Strong African American
Healthy Adult Project
n=330

% male unknown

Age: 19 yrs

100% Black/AA

Multi-Ethnic Study of
Atherosclerosis
n=1207

48.4% male

experiences: childhood
maltreatment

Sociodemographics:
gender as a marker of
social status

Neighborhood
exposure: living in a
mining community

Childhood SES and
financial strain

Neighborhood
exposure: air pollution

Local m. of FKBP5
gene, involved in
negative feedback
loop of HPA-axis

Peripheral blood
Global m.

Peripheral blood
Global m.

Peripheral blood
Genome-wide m.,
Hannum and Horvath
epigenetic clock

Peripheral blood
Global m. (Alu and
LINE-1) and local m.
of candidate genes
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
Mean age 69.6 yrs (SD
9.4
47.2% White, 21.2%
Black/AA, 31.6% Hisp./
Latinx
Fiorito, et al. EPIC Italy, Melbourne Adulthood SES Peripheral blood
2017 Coll Cohort Study, Life-course SES Genome-wide m.,
Multinational TILDA trajectory Hannum and Horvath
Italy, Australia, n=5111 epigenetic clock
Ireland Male: 38% EPIC, 61%
MCSS, 50% TILDA
Mean age 53.3 EPIC, 59
MCCS, 62.1 yrs TILDA
No mention of race/
ethnicity, or nativity
Ghosh et al. Workplace sample of Workplace exposure: Peripheral blood
2017 factory workers toxin (carbon Global (LINE-1) and

Netherlands

Gondalia et al.
2019
USA

Goodrich et al.
2013
USA

Gouin et al.
2017
Canada

Guerrero-
Preston et al.
2019 USA

Horvath et al.
2016
Multinational
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n=67

77.6% male

Mean age 35 yrs
No mention of race/
ethnicity, or nativity

12 subsamples from the
Women’s Health Initiative
and Atherosclerosis Risk
in Communities Study
n=8397 in total

83% female across all
subsamples

Mean age 61.3 yrs (SD
7.4)

45.8% Black/AA, 8.4%
Hisp./Latinx, 45.8%
White

Workplace sample of
dental professionals
n=131

49.6% male

Mean age 55.8 yrs
No mention of race/
ethnicity, or nativity

I’Etude longitudinale des
enfants de maternelle au
Quebec

n=46

50% male

Age: 27 yrs

100% White

Patients treated for head
and neck cancers
n=496

75% male

Mean age 58 yrs

50% Black/AA, 50%
White

Women’s Health
Initiative; Bogalusa;
Parkinson’s Disease,
Envir. and Genes; and 9
small datasets

n=5162

Age range across studies:
0to 93 yrs

57% White, 27% African
ancestry (AA and Central
African), 13% Hispanic,

nanotubes)

Neighborhood
exposure: air pollution

Workplace exposure:
toxin exposure
(mercury) via dental
amalgams

Childhood SES
Adverse childhood
experiences: childhood
abuse

Sociodemographics:
race/ethnicity
Neighborhood
exposure: zip code
level median household
income; home
ownership and
vacancy; insurance
coverage rates

Sociodemographics:
race/ethnicity, gender

local m. of promoter
region of candidate
genes (DNMT1,
HDAC4, NPAT/ATM,
TGF-B, and SK)

Peripheral blood
Genome-wide m. and
ID of differentially m.
regions mapped to
specific genes

Buccal swab
Global m. (LINE-1)
and candidate genes
related to mercury
toxicity (DNMT1,
SEPW1, SEPPI)

Peripheral blood
Local m. of candidate
gene OXTR, involved
in social behaviors

Tumor tissue

Local m. of the
promoter regions of
EDNRB, NIDZ,
PAX5, and PAX1

Peripheral blood,
saliva, and brain
tissue

Genome-wide m., and
Horvath epigenetic
clock

Anxiousness,
disruptiveness

Head and neck
cancers

Coronary heart
disease
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Study

Study demographics

SDOH of primary
interest

Epigenetics (tissue
source, m. measure)

Health
outcomes

Houtepen et al.
2018
UK

Hsu et al. 2019
USA

Huang et al.
2016
Israel

Hughes et al.
2018
UK

Janusek et al.
2017
USA

Klinger-Kénig
etal. 2019
Germany

Kogan et al.
2018
USA

Lam et al. 2012
Canada

Lawn et al. 2018
UK

2.5% East Asian, 1%
Tsimane Amerindian

AVON longitudinal study
and MRC NSHD

n=1332 across both
cohorts

0% male

Mean age 47.14 ALSPAC,
53.45 MRC

No mention of race/
ethnicity, or nativity

Arkansas Rural
Community Health Study
n=39

100% female

Mean age 48 yrs (SD
12.0)

51% Black/AA, 49%
White

Jerusalem Perinatal Study
Family Follow-up

n=613

0% male

Mean age 32 yrs

No mention of race/
ethnicity, or nativity

UK Household
Longitudinal Study
n=1099

42.4% male

Mean age 58.4 yrs (SD
14.9)

100% White

Low-SES Chicago
neighborhood cohort
n=34

100% male

Mean age 20.2 yrs (range
18 to 25)

100% Black/AA

Study of Health in
Pomerania (SHIP-2,
TREND-0)

n=3965

52% female

Mean age 54.2 yrs (SD
14.4)

100% White

African American men in
rural South Georgia
n=358

100% male

Mean age 21.85 yrs (SD
1.27)

100% Black/AA

Vancouver cohort
stratified by SES

n=92

38% male

Mean age 33.04 yrs
(range 24 to 45; SD 5.03)
68% White, 32% Non-
White

AVON longitudinal study
and MRC NSHD

Adverse childhood
experiences: childhood
maltreatment, abuse,
and illness; parental
death/separation,
physical or mental
illness; suboptimal
maternal bonding

Neighborhood
exposure: county
poverty rate

Childhood SES

Childhood and
adulthood SES

Childhood SES
Adverse childhood
experiences:
maltreatment, abuse,
parental separation
and/or mental illness,
HH dysfunction,
community violence

Adverse childhood
experiences: childhood
maltreatment and
depression

Adverse childhood
experiences: childhood
trauma, substance use
Social support:
prosocial ties

Sociodemographics:
race, sex

Childhood and
adulthood SES

Childhood and
adulthood SES

Peripheral blood,
buccal swab
Genome-wide m. and
differentially m.
regions by ACEs, and
candidate gene probes

Saliva

Genome-wide m. and
ID of differentially m.
regions

Peripheral blood
Local m. of 5
cardiometabolic and
stress- response genes
ABCAI, INS-IGF2,
HSD11B2, and
NR3C1

Peripheral blood
Genome-wide m.,
Hannum and Horvath
epigenetic clock

Peripheral blood
Local m. of /L-6
promoter

Peripheral blood
Local m. of FKBP5,
involved in negative
feedback loop of
HPA-axis function

Saliva
Local m. of promoter
region of OXTR gene

Peripheral blood
Genome-wide m. and
ID of differentially m.
regions

Peripheral blood,
buccal swab
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
n=1762 Adverse childhood Genome-wide m.,
0% male experiences: Horvath epigenetic
Mean age 29 yrs attimel ~ maltreatment, abuse, clock
and 47 yrs at time 2 and parental separation
No mention of race/ and/or mental illness
ethnicity, or nativity
Lei etal. 2015 Family and Community Neighborhood Peripheral blood Depressive
USA Health Study exposure: high crime Local m. of serotonin  symptomology
n=99 transporter gene
0% male 5HTT
Mean age 48.33 yrs
100% Black/AA
Loucks et al. New England Family Childhood SES Peripheral blood and Body mass index
2016 Study subcutaneous adipose
USA n=141 tissue
47.5% male Genome-wide m. and
Mean age 47 yrs ID of differentially m.
66% White, 34% non- regions
White
McCartney etal.  Generation Scotland: Adulthood SES Peripheral Blood
2018 Scottish Family Health Neighborhood Genome-wide m.,
Scotland Study exposure: Hannum and Horvath
n=5100 neighborhood epigenetic clock
38% male deprivation index
Mean age 48.51 yrs
No mention of race/
ethnicity, or nativity
McClelland et Psych., Soc., and Bio. Adulthood SES Peripheral blood
al. 2016 Determinants of Il Health  Neighborhood Global m.
Scotland n=666 exposure:
49% male neighborhood SES
Age range 35 - 64 years
No mention of race/
ethnicity, or nativity
McCrory et al. Irish Longitudinal Study Childhood and Peripheral blood Timed up and go
2019 on Ageing (TILDA) adulthood SES Genome-wide m. measure
Ireland n=490 Life-course SES Horvath, Hannum,
50% female trajectory and Levine epigenetic
Mean age 62.2 yrs (SD clocks
8.3)
No mention of race/
ethnicity, or nativity
McDade et al. Cebu Longitudinal Health  Childhood SES Peripheral blood Inflammatory
2017 and Nutrition Survey Adverse childhood Genome-wide m.and  markers (CRR
Philippines n=494 experiences: parental ID of differentially m.  /L-6, TNFa,
20% male separation, microbial regions relevant to IL-10, IFNy,
Age range: 20 to 22 years  envi. inflammation IL-1B, and /L-8)
No mention of race/
ethnicity, or nativity
McDade et al. Cebu Longitudinal Health  Life-course SES Peripheral blood
2019 and Nutrition Survey trajectory Genome-wide m. and
Philippines n=489 ID of differentially m.

McGuinness et
al. 2012
Scotland

Miller et al.
2015
USA

20% male

Mean age 20.9 yrs
No mention of race/
ethnicity, or nativity

Psych., Soc., and Bio.
Determinants of Il Health
n=239

49% male

Age range: 35 to 64 yrs
No mention of race/
ethnicity, or nativity

Adults in the Making
Study
n=292

Adulthood SES

Childhood SES and
financial strain and
resilience (self-control)

regions

Peripheral blood
Global m.

Peripheral blood
Genome-wide m.,
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fibrinogen and
IL-6

Depressive
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
36.3% male Hannum and Horvath  aggressive and
Age: 22 yrs epigenetic clock internalizing
100% Black/AA behavior
Moser et al. Mothers tested with Adverse experiences: Buccal swab Neural activity
2015 stress/non-stress child interpersonal violence Local m. of candidate  and generalized
Switzerland stimuli exposure gene (BDNF) anxiety
n=46
100% female
Mean age 34.3 yrs

Needham et al.
2015
USA

Peluso et al.
2012
Thailand

Peng et al. 2018
USA

Perroud et al.
2014
Rwanda

Pittman et al.
2020
USA

Santos et al.
2018
USA

Schiir et al. 2018
Netherlands

No mention of race/
ethnicity, or nativity

Multi-Ethnic Study of
Atherosclerosis
n=1231

41% male

Mean age: 69.55 yrs

(range 55 to 94, SD 9.35)

47.2% White, 21.2%

Black/AA, 31.6% Hisp./

Latinx

Ma Ta Phut industrial
state and rural area
n=177

87% male

Mean age: 31.2 yrs
No mention of race/
ethnicity, or nativity

The Twins Heart Study
and the Mood and
Methylation Study

n=238 (119 monozygotic

twin pairs)
71% male

Mean age 55 yrs for male
pairs, 36 yrs female pairs

No mention of race/
ethnicity, or nativity

Mothers of Tutsi ethnicity

and their children
n=50
100% female

Mean age of mothers 45

yrs
100% Tutsi ethnicity

Anniston Community
Health Survey I and 11
n=518 in ACHS-I and
n=299 in ACHS-I1
71% female in ACHS-I
and 75% female in
ACHS-II

Mean age 54.6 yrs @
ACHS-I, 62.8 yrs @
ACHS-II

40% Black/AA, 60%
White in ACHS-I
52% Black/AA, 48%
White in ACHS-11

Pregnant Latina women in

North Carolina
n=147

0% male

Mean age 27.6 yrs
100% Latina

Adults with a mental

health disorder, a family
history of mental disorder,

Childhood and
adulthood SES
Life-course SES
trajectory

Neighborhood
exposure: air pollution

Adverse childhood
experiences: physical,
emotional, or sexual
abuse other traumas
(e.g., natural disaster,
family mental illness or
separation of parents)

Exposure to Rwandan
genocide

Living in community
with PCB
manufacturing facility

Perceived
discrimination &
ethnic-specific
discrimination

Adverse childhood
experiences: childhood
trauma; emotional,

Peripheral blood
Local m. of candidate
genes in stress
response and
inflammation (AVA,
FKBP5, F8, CCL1,
OXTR, CD1D,
KLRGI1, NLRP12,
PYDCI,...)

Peripheral blood
Global m. (LINE-1
and Alu) candidate
genes p53, p16, and
IL-6)

Peripheral blood
Genome-wide and
local m. of candidate
genes involved in
stress response
(BDNF, NR3C1,
SLC6A4, MAOA,
MAOB)

Peripheral blood
Local m. of candidate
genes (NR3C1,
NR3C2)

Stored blood clot in
ACHS-I and whole
blood in ACHS-II

Peripheral blood
Local methylation of
NR3CI, BDNF,
FKBP5 genes

Peripheral blood
Local m. of the
GR-1F region
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Depressive
symptomology

PTSD,
depressive
symptomology,
cortisol, GR and
mineralcorticoid
receptor levels

Salivary cortisol
response
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Study Study demographics SDOH of primary Epigenetics (tissue Health
interest source, m. measure)  outcomes
or healthy controls physical, and sexual
n=241 abuse; and emotional
60% male and physical neglect
Mean age 37.4 yrs
No mention of race/
ethnicity, or nativity
Simons et al. Family and Community Adulthood SES Peripheral blood
2016 Health Study - caregivers  Adulthood financial Genome-wide m.,
USA n=100 strain Hannum epigenetic
0% male clock
Mean age: 48.5 yrs
100% Black/AA
Simons et al. Family and Community Adulthood financial Peripheral blood Depressive
2017 Health Study - caregivers strain Genome-wide m.and  symptomology,
USA n=100 Neighborhood local m. of oxytocin negative schema
0% male exposure: high crime gene (OXTR) (pessimism,
Mean age: 48.5 yrs (SD distrust)
9.30)
100% Black/AA
Sipahi et al. Detroit Neighborhood Trauma exposure, Peripheral blood or Severity of
2014 Health Study PTSD blood spot trauma response
USA n=60 Local m. of candidate
23.3% male genes (DNMTL,
Mean age 55.1 yrs DNMT3A,
77% Black/AA, 20% DNMT3L, and
White, 3% Other DNMT3B)
Smith et al. Multi-Ethnic Study of Neighborhood Peripheral blood
2017 Atherosclerosis exposure: Local m. of candidate
USA n=1226 neighborhood SES and  response and
52% male social environment inflammation (AVA,

Song et al. 2013
Japan

Stringhini et al.
2015
Italy

Subramanyam et
al. 2013
USA

Suderman et al.
2014
UK

Mean age 69.6 yrs

47% White, 22%
Black/AA, 31% Hispanic/
Latinx

Occupational Study of
Sacial Class and Health
n=360

91% male

Age range: mid 30s to
mid 50s

No mention of race/
ethnicity, or nativity

European Prospective
Investigation into Cancer
and Nutrition Cohort
(EPIC)

n=857

42.8% male

Age range mid 40s to mid
60s

No mention of race/
ethnicity, or nativity

Multi-Ethnic Study of
Atherosclerosis
n=1002

48% male

Mean age 61 yrs (range
45 to 84 yrs)

White, Black/AA,
Hispanic/Latinx

1958 British Birth Cohort
Study

n=40

100% male

Age: 45 yrs

100% White

(aesthetic, safety, and
social cohesion)

Workplace exposure:
job strain

Childhood and
adulthood SES
Life-course SES
trajectory

Sociodemographics:
race/ethnicity
Childhood and
adulthood SES

Adverse childhood
exposures: physical,
emotional and sexual
abuse

Adulthood SES

FKBP5, OXTR, F8,
CDID, KLRGI,...)

Saliva

Local m. of the
BDNF gene involved
in function of the
adult brain

Peripheral blood
Genome-wide and
local m. of candidate
genes involved in
inflammation
(ADM,GPR132,
ILIA, CCL20,
cxcLz...)

Peripheral blood
Global m. (Alu and
LINE-1)

Peripheral blood
Genome-wide m. and

ID of differentially m.

regions
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Study

Study demographics

SDOH of primary
interest

Epigenetics (tissue
source, m. measure)

Health
outcomes

Tajuddin et al.
2019
USA

Tehranifar et al.
2013
USA

Toyooka et al.
2003
Multinational
USA, Taiwan,
Japan,

and Australia

uUddin et al.
2010
USA

Uddin et al.
2013
USA

Yehuda et al.
2014
USA

Yehuda et al.
2016
USA

Healthy Aging in
Neighborhoods of
Diversity across the Life
Span (HANDLS) Study
n=487

51% male

Mean age 48.7 yrs
50.4% Black/AA, 49.6%
White

New York Women’s Birth
Cohort

n=89

0% male

Mean age 43 yrs

31% Black/AA, 26%
White, 43% Hispanic/
Latinx

Patients with primary
non-small cell lung
cancers

n=598

69% male

Mean age 63 yrs

No mention of race/
ethnicity, or nativity

Detroit Neighborhood
Health Study

n=100

40% male

Mean age 45.8 yrs
79% Black/AA, 14%
White, 7% Other

Detroit Neighborhood
Health Study

n=100

40% male

Mean age 45.8 yrs
79% Black/AA, 14%
White, 7% Other

Adult children of
Holocaust survivors and
controls

n=95

100% male

Mean age 56.6 yrs

Holocaust survivors,
children of survivors,
controls

n=71

Survivors: 60% male;
Children: 23% male
Age range: early 40s to
mid 80s

100% Jewish

Sociodemographics:
Race, sex, and poverty
status

Childhood and
adulthood SES

Sociodemographics:
gender, geography

Trauma exposure as
assessed via PTSD

Adulthood SES (as a
moderator)

Adverse childhood
experiences: maternal
or paternal PTSD

Trauma exposure:
Holocaust

Adverse childhood
experiences: maternal
or paternal PTSD,
physical or sexual
abuse

Peripheral blood
Genome-wide m.
Horvath and Hannum
epigenetic clock

Peripheral blood
Global m. (Sat2, Alu,
LINE-1)

Lung tissue

Local m. of 7 genes
(p16, RASSFIA,
APC, RARB,
CDH13, MGMT,
GSTPI) involved in
lung cancers

Peripheral blood
Genome-wide m. and
ID of differentially-
methylated regions by
PTSD status

Peripheral blood
Genome-wide m. and
ID of differentially-
m. regions by PTSD
status

Peripheral blood
Local m. of the
GR-1F promoter

Peripheral blood
Local m. of FKBP5
intron 7 binding
protein 5

Lung cancers

PTSD,
postraumatic
symptom
severity

Cortisol
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Research Highlights
Often, SDOH were operationalized as individual-level traits and experiences

Measuring upstream social processes will expand the reach of DNAm
research

Larger, more diverse and representative samples are needed to support SDOH
analyses

A SDOH lens more effectively elucidates biological consequences of social
exposures

Employing a SDOH lens also guards against the tendency for biological
reductionism
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Records identified through
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Systematic review flow chart
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Human participants.

DNAm in adulthood as a study outcome, including all measures of modifiable DNAm (e.g.,
localized methylation, epigenetic clock), except imprinting, a process that is not malleable
over the lifecourse.

Upstream social determinants of health as the exposure.

This included: social and political context (e.g., labor market, spatial (dis)advantage);
structural stratification processes such as stigma or institutional discrimination; material and
socioemotional resources, such as psychosocial stress and social support; and, proxies for
structural “stratifiers,” such as race/ethnicity, gender, sexual identity, and class that were
regarded by the author as social constructs — evidenced in the background, methods, or
discussion of findings (e.g., race as a proxy for racial discrimination).

Timing of exposure and outcome measure.

The SDOH exposure could occur at any time in the life-course, however the measure of
DNAm must have occurred when study participants were age 18 years or older.

Figure 2.
Review inclusion criteria
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Table 1.

Characteristics of empirical studies on social determinants of DNA methylation

k %
Initial Study DesignA Case-control 5%
Cohort 60 90%
Mixed design in multi-national study 2 3%
Original survey design - longitudinal 43 64%
Epigenetic subsample examined longitudinally 2 5%
Initial Sampling FrameA Convenience 27 40%
Probability-based 37 55%
Representativeness maintained in epigenetic subsample 14  38%
Mixed sampling frames in multi-national studies 3 4%
Region of Study North America 41 61%
United Kingdom 9 13%
Other Western European nations 6 9%
Asia 4 6%
Central and South America 2 3%
Middle East 1 1%
Africa 1 1%
Multi-national 3 4%
Sample Size <100 15 22%
100-300 20  30%
301-600 13 19%
601-1000 7 10%
>1000 12 18%
Ages incIudedB 18 — 34 years 26 39%
35— 60 years 45  67%
61+ years 15 22%
Sex Composition Female only 13 19%
Both Sexes 48  72%
Racial/Ethnic Composition ~ North American Samples (k=41):
White only 3 7%
Black only 12 29%
Latinx only 1 2%
Diverse 21 51%
Unspecified 4 10%
European Samples (k=15):
White only 4 20%
Unspecified 11 67%
Other regions and multinational samples (k= 11):
Mono-ethnic 2 18%

Soc Sci Med. Author manuscript; available in PMC 2022 March 01.

Page 35



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Evans et al. Page 36

k %
Diversity across multinational sample 2 18%
Unspecified 7 64%

Initial design and sampling frame refers to the larger study from which the epigenetic sample was drawn. See sub-bullets for specifics on
epigenetic subsamples drawn from larger cohort designs.

B. . . .
Categories are not mutually exclusive, and therefore will not sum to 100%.
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Table 2.

Social determinants and health outcomes examined in epigenetic studies on DNA methylation

Social Determinant of HealthA

Operationalization of the SDOHB

Individual-level stratifiers (k=28):

Childhood SES only (5)

Adulthood SES only (6)

SES across the lifecourse (11)

Sociodemographics as stratification proxy
@)

Family income or poverty status (4); TANF (3); financial strain (3); parental education (3);
parental occupation (2); parental unemployment (2); single parent household (1).

Family income (3); financial strain (2); education (3); occupation (1); housing tenure (1); and
area-level deprivation (3).

Childhood: occupation (5); parental education (3); family income (1); single-parent
household (1).

Adulthood: education (6), occupation (4), family income (4); wealth (1); employment status
(1); financial strain (1).

Trajectories: occup.-->occup. (3), educ./assets-->educ. (2).

Race/ethnicity (5); sex/gender (5); geography (1).

Traumas (k=26):
Unspecified (2)
Genocide (2)

Discrimination (3)

Early life adversity: ACES/SES (19)

As assessed in PTSD screening (2).
Holocaust survivor or offspring of survivor (1); Rwanda genocide survivor (1).

Perceived racism (2); perceived discrimination (2);
Moderator: social support (1).

Physical, sexual, emotional abuse, or maltreatment (15); parental illness (6); parental
separation (4); and included childhood SES in measure of adversity (5).
Moderators: parenting repetoire (3); social support (1).

Workplace exposures (k=6):

Physical environment/toxicants (3)

Social environment (3)

PAHs in brickmaking (1); carbon nanotubes in engineering (1);
mercury in dentistry (1).

Shiftwork (2); job strain (1).

Neighborhood exposures (k=15):

Physical toxicants (n=6)

Social and economic environment (9)

Air pollution (3); microbial environment (1); proximity to heavy metal mining (1) or PCB
manufacturing (1).

Neighborhood deprivation (5); community crime (2) or violence (1); worse social
environment [aesthetics, safety, and cohesion] (1).

A'the number of papers that included that SDOH domain as a primary focus in the epigenetic analysis.

B. . . .
the number of times the SDOH was captured via that particular measure.
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n=139
41% male
Age range: 22 to 40 yrs
77% White, 15% Asian, 4% Black/AA, 4% OtherWorkplace exposure: shiftwork statusPeripheral blood
Genome-wide m. and local m. of circadian genesBorghol et al. 2012
UK1958 British Birth Cohort Study
n=40
100% male
Age: 45 yrs
100% White, non-immigrantChildhood and adulthood SES
Adulthood financial strainPeripheral blood
Genome-wide m. and differentially m. regions by SEPBrody et al. 2016 (a)
USAStrong African American Healthy Adult Project and Adults in the Making Project
n=616
40% male
Age: 20 yrs (SHAPE) and 22 yrs (AIM)
100% Black/AAPerceived racial discrimination
Family social supportPeripheral blood
Genome-wide m., Hannum epigenetic clockBrody et al. 2016 (b)
USAStrong African American Healthy Adult Project
n=399
45.4% male
Age: 20 yrs
100% Black/AAAdverse childhood experience: parental depression, harsh parentingPeripheral blood
Genome-wide m., Horvath epigenetic clockBustamante et al. 2016
USADetroit Neighborhood Health Study
n=147
38.2% male
Mean age 49.6 yrs
17% White, 77% Black/AA, 6% OtherAdverse childhood experiences: childhood maltreatment
Major Depressive DisorderPeripheral blood
Local m. of glucocorticoid receptor NR3C1Bustamante et al. 2018
USADetroit Neighborhood Health Study
n=112
44.6% male
Mean age 50.74 yrs (SD 12.96)
16% White, 77% Black/AA, 7% OtherAdverse childhood experiences: childhood maltreatmentPeripheral blood
Local m. of FKBP5 gene, involved in negative feedback loop of HPA-axisDepressive symptomology, MDDCampesi et al. 2013
ItalyBlood drive
n=168 49.4% male
Age range: 18 to 40 yrs
No mention of race/ethnicity, or nativitySociodemographics: gender as a marker of social statusPeripheral blood
Global m.Castillo et al. 2017
ChileResidents of mining and control community
n=208
46.6% male
Age range: 52 to 85 yrs
No mention of race/ethnicity, or nativityNeighborhood exposure: living in a mining communityPeripheral blood
Global m.Parkinson’s diseaseChen et al. 2016
USAStrong African American Healthy Adult Project
n=330
% male unknown
Age: 19 yrs
100% Black/AAChildhood SES and financial strainPeripheral blood
Genome-wide m., Hannum and Horvath epigenetic clockChi et al. 2016
USAMulti-Ethnic Study of Atherosclerosis
n=1207
48.4% male
Mean age 69.6 yrs (SD 9.4)
47.2% White, 21.2% Black/AA, 31.6% Hisp./LatinxNeighborhood exposure: air pollutionPeripheral blood
Global m. (Alu and LINE-1) and local m. of candidate genesFiorito, et al. 2017
Multinational Italy, Australia, IrelandEPIC Italy, Melbourne Coll Cohort Study, TILDA
n=5111
Male: 38% EPIC, 61% MCSS, 50% TILDA
Mean age 53.3 EPIC, 59 MCCS, 62.1 yrs TILDA
No mention of race/ethnicity, or nativityAdulthood SES
Life-course SES trajectoryPeripheral blood
Genome-wide m., Hannum and Horvath epigenetic clockGhosh et al. 2017
NetherlandsWorkplace sample of factory workers
n=67
77.6% male
Mean age 35 yrs
No mention of race/ethnicity, or nativityWorkplace exposure: toxin (carbon nanotubes)Peripheral blood
Global (LINE-1) and local m. of promoter region of candidate genes (DNMT1, HDAC4, NPAT/ATM, TGF-β, and SKI)Gondalia et al. 2019
USA12 subsamples from the Women’s Health Initiative and Atherosclerosis Risk in Communities Study
n=8397 in total
83% female across all subsamples
Mean age 61.3 yrs (SD 7.4)
45.8% Black/AA, 8.4% Hisp./Latinx, 45.8% WhiteNeighborhood exposure: air pollutionPeripheral blood
Genome-wide m. and ID of differentially m. regions mapped to specific genesGoodrich et al. 2013
USAWorkplace sample of dental professionals
n=131
49.6% male
Mean age 55.8 yrs
No mention of race/ethnicity, or nativityWorkplace exposure: toxin exposure (mercury) via dental amalgamsBuccal swab
Global m. (LINE-1) and candidate genes related to mercury toxicity (DNMT1, SEPW1, SEPP1)Gouin et al. 2017
Canadal’Etude longitudinale des enfants de maternelle au Quebec
n=46
50% male
Age: 27 yrs
100% WhiteChildhood SES
Adverse childhood experiences: childhood abusePeripheral blood
Local m. of candidate gene OXTR, involved in social behaviorsAnxiousness, disruptivenessGuerrero-Preston et al. 2019 USAPatients treated for head and neck cancers
n=496
75% male
Mean age 58 yrs
50% Black/AA, 50% WhiteSociodemographics: race/ethnicity
Neighborhood exposure: zip code level median household income; home ownership and vacancy; insurance coverage ratesTumor tissue
Local m. of the promoter regions of EDNRB, NID2, PAX5, and PAX1Head and neck cancersHorvath et al. 2016
MultinationalWomen’s Health Initiative; Bogalusa; Parkinson’s Disease, Envir. and Genes; and 9 small datasets
n=5162
Age range across studies: 0 to 93 yrs
57% White, 27% African ancestry (AA and Central African), 13% Hispanic, 2.5% East Asian, 1% Tsimane AmerindianSociodemographics: race/ethnicity, genderPeripheral blood, saliva, and brain tissue
Genome-wide m., and Horvath epigenetic clockCoronary heart diseaseHoutepen et al. 2018
UKAVON longitudinal study and MRC NSHD
n=1332 across both cohorts
0% male
Mean age 47.14 ALSPAC, 53.45 MRC
No mention of race/ethnicity, or nativityAdverse childhood experiences: childhood maltreatment, abuse, and illness; parental death/separation, physical or mental illness; suboptimal maternal bondingPeripheral blood, buccal swab
Genome-wide m. and differentially m. regions by ACEs, and candidate gene probesHsu et al. 2019
USAArkansas Rural Community Health Study
n=39
100% female
Mean age 48 yrs (SD 12.0)
51% Black/AA, 49% WhiteNeighborhood exposure: county poverty rateSaliva
Genome-wide m. and ID of differentially m. regionsTelomere lengthHuang et al. 2016
IsraelJerusalem Perinatal Study Family Follow-up
n=613
0% male
Mean age 32 yrs
No mention of race/ethnicity, or nativityChildhood SESPeripheral blood
Local m. of 5 cardiometabolic and stress- response genes ABCA1, INS-IGF2, HSD11B2, and NR3C1Cardiometabolic risk, LBW babyHughes et al. 2018
UKUK Household Longitudinal Study
n=1099
42.4% male
Mean age 58.4 yrs (SD 14.9)
100% WhiteChildhood and adulthood SESPeripheral blood
Genome-wide m., Hannum and Horvath epigenetic clockJanusek et al. 2017
USALow-SES Chicago neighborhood cohort
n=34
100% male
Mean age 20.2 yrs (range 18 to 25)
100% Black/AAChildhood SES
Adverse childhood experiences: maltreatment, abuse, parental separation and/or mental illness, HH dysfunction, community violencePeripheral blood
Local m. of IL-6 promoterSalivary IL-6 responseKlinger-König et al. 2019
GermanyStudy of Health in Pomerania (SHIP-2, TREND-0)
n=3965
52% female
Mean age 54.2 yrs (SD 14.4)
100% WhiteAdverse childhood experiences: childhood maltreatment and depressionPeripheral blood
Local m. of FKBP5, involved in negative feedback loop of HPA-axis functionDepressive symptomologyKogan et al. 2018
USAAfrican American men in rural South Georgia
n=358
100% male
Mean age 21.85 yrs (SD 1.27)
100% Black/AAAdverse childhood experiences: childhood trauma, substance use
Social support: prosocial tiesSaliva
Local m. of promoter region of OXTR geneSubstance useLam et al. 2012
CanadaVancouver cohort stratified by SES
n=92
38% male
Mean age 33.04 yrs (range 24 to 45; SD 5.03)
68% White, 32% Non-WhiteSociodemographics: race, sex
Childhood and adulthood SESPeripheral blood
Genome-wide m. and ID of differentially m. regionsPerceived stress, cortisol outputLawn et al. 2018
UKAVON longitudinal study and MRC NSHD
n=1762
0% male
Mean age 29 yrs at time1 and 47 yrs at time 2
No mention of race/ethnicity, or nativityChildhood and adulthood SES
Adverse childhood experiences: maltreatment, abuse, and parental separation and/or mental illnessPeripheral blood, buccal swab
Genome-wide m., Horvath epigenetic clockLei et al. 2015
USAFamily and Community Health Study
n=99
0% male
Mean age 48.33 yrs
100% Black/AANeighborhood exposure: high crimePeripheral blood
Local m. of serotonin transporter gene 5HTTDepressive symptomologyLoucks et al. 2016
USANew England Family Study
n=141
47.5% male
Mean age 47 yrs
66% White, 34% non-WhiteChildhood SESPeripheral blood and subcutaneous adipose tissue
Genome-wide m. and ID of differentially m. regionsBody mass indexMcCartney et al. 2018
ScotlandGeneration Scotland: Scottish Family Health Study
n=5100
38% male
Mean age 48.51 yrs
No mention of race/ethnicity, or nativityAdulthood SES
Neighborhood exposure: neighborhood deprivation indexPeripheral Blood
Genome-wide m., Hannum and Horvath epigenetic clockMcClelland et al. 2016
ScotlandPsych., Soc., and Bio. Determinants of Ill Health
n=666
49% male
Age range 35 – 64 years
No mention of race/ethnicity, or nativityAdulthood SES
Neighborhood exposure: neighborhood SESPeripheral blood
Global m.McCrory et al. 2019
IrelandIrish Longitudinal Study on Ageing (TILDA)
n=490
50% female
Mean age 62.2 yrs (SD 8.3)
No mention of race/ethnicity, or nativityChildhood and adulthood SES
Life-course SES trajectoryPeripheral blood
Genome-wide m. Horvath, Hannum, and Levine epigenetic clocksTimed up and go measureMcDade et al. 2017
PhilippinesCebu Longitudinal Health and Nutrition Survey
n=494
20% male
Age range: 20 to 22 years
No mention of race/ethnicity, or nativityChildhood SES
Adverse childhood experiences: parental separation, microbial envi.Peripheral blood
Genome-wide m. and ID of differentially m. regions relevant to inflammationInflammatory markers (CRP, IL-6, TNFα, IL-10, IFNγ, IL-1β, and IL-8)McDade et al. 2019
PhilippinesCebu Longitudinal Health and Nutrition Survey
n=489
20% male
Mean age 20.9 yrs
No mention of race/ethnicity, or nativityLife-course SES trajectoryPeripheral blood
Genome-wide m. and ID of differentially m. regionsMcGuinness et al. 2012
ScotlandPsych., Soc., and Bio. Determinants of Ill Health
n=239
49% male
Age range: 35 to 64 yrs
No mention of race/ethnicity, or nativityAdulthood SESPeripheral blood
Global m.Cardiovascular biomarkers-fibrinogen and IL-6Miller et al. 2015
USAAdults in the Making Study
n=292
36.3% male
Age: 22 yrs
100% Black/AAChildhood SES and financial strain and resilience (self-control)Peripheral blood
Genome-wide m.,
Hannum and Horvath epigenetic clockDepressive symptomology, substance use, aggressive and internalizing behaviorMoser et al. 2015
SwitzerlandMothers tested with stress/non-stress child stimuli
n=46
100% female
Mean age 34.3 yrs
No mention of race/ethnicity, or nativityAdverse experiences: interpersonal violence exposureBuccal swab
Local m. of candidate gene (BDNF)Neural activity and generalized anxietyNeedham et al. 2015
USAMulti-Ethnic Study of Atherosclerosis
n=1231
41% male
Mean age: 69.55 yrs (range 55 to 94, SD 9.35)
47.2% White, 21.2% Black/AA, 31.6% Hisp./LatinxChildhood and adulthood SES
Life-course SES trajectoryPeripheral blood
Local m. of candidate genes in stress response and inflammation (AVP, FKBP5, F8, CCL1, OXTR, CD1D, KLRG1, NLRP12, PYDC1,…)Peluso et al. 2012
ThailandMa Ta Phut industrial state and rural area
n=177
87% male
Mean age: 31.2 yrs
No mention of race/ethnicity, or nativityNeighborhood exposure: air pollutionPeripheral blood
Global m. (LINE-1 and Alu) candidate genes p53, p16, and IL-6)Peng et al. 2018
USAThe Twins Heart Study and the Mood and Methylation Study
n=238 (119 monozygotic twin pairs)
71% male
Mean age 55 yrs for male pairs, 36 yrs female pairs
No mention of race/ethnicity, or nativityAdverse childhood experiences: physical, emotional, or sexual abuse other traumas (e.g., natural disaster, family mental illness or separation of parents)Peripheral blood
Genome-wide and local m. of candidate genes involved in stress response (BDNF, NR3C1, SLC6A4, MAOA, MAOB)Depressive symptomologyPerroud et al. 2014
RwandaMothers of Tutsi ethnicity and their children
n=50
100% female
Mean age of mothers 45 yrs
100% Tutsi ethnicityExposure to Rwandan genocidePeripheral blood
Local m. of candidate genes (NR3C1, NR3C2)PTSD, depressive symptomology, cortisol, GR and mineralcorticoid receptor levelsPittman et al. 2020
USAAnniston Community Health Survey I and II
n=518 in ACHS-I and n=299 in ACHS-II
71% female in ACHS-I and 75% female in ACHS-II
Mean age 54.6 yrs @ ACHS-I, 62.8 yrs @ ACHS-II
40% Black/AA, 60% White in ACHS-I
52% Black/AA, 48% White in ACHS-IILiving in community with PCB manufacturing facilityStored blood clot in ACHS-I and whole blood in ACHS-IISantos et al. 2018
USAPregnant Latina women in North Carolina
n=147
0% male
Mean age 27.6 yrs
100% LatinaPerceived discrimination & ethnic-specific discriminationPeripheral blood
Local methylation of NR3CI, BDNF, FKBP5 genesSchür et al. 2018
NetherlandsAdults with a mental health disorder, a family history of mental disorder, or healthy controls
n=241
60% male
Mean age 37.4 yrs
No mention of race/ethnicity, or nativityAdverse childhood experiences: childhood trauma; emotional, physical, and sexual abuse; and emotional and physical neglectPeripheral blood
Local m. of the GR-1F regionSalivary cortisol responseSimons et al. 2016
USAFamily and Community Health Study - caregivers
n=100
0% male
Mean age: 48.5 yrs
100% Black/AAAdulthood SES
Adulthood financial strainPeripheral blood
Genome-wide m., Hannum epigenetic clockSimons et al. 2017
USAFamily and Community Health Study - caregivers
n=100
0% male
Mean age: 48.5 yrs (SD 9.30)
100% Black/AAAdulthood financial strain
Neighborhood exposure: high crimePeripheral blood
Genome-wide m. and local m. of oxytocin gene (OXTR)Depressive symptomology, negative schema (pessimism, distrust)Sipahi et al. 2014
USADetroit Neighborhood Health Study
n=60
23.3% male
Mean age 55.1 yrs
77% Black/AA, 20% White, 3% OtherTrauma exposure, PTSDPeripheral blood or blood spot
Local m. of candidate genes (DNMT1, DNMT3A, DNMT3L, and DNMT3B)Severity of trauma responseSmith et al. 2017
USAMulti-Ethnic Study of Atherosclerosis
n=1226
52% male
Mean age 69.6 yrs
47% White, 22% Black/AA, 31% Hispanic/LatinxNeighborhood exposure: neighborhood SES and social environment (aesthetic, safety, and social cohesion)Peripheral blood
Local m. of candidate response and inflammation (AVP, FKBP5, OXTR, F8, CD1D, KLRG1,…)Song et al. 2013
JapanOccupational Study of Social Class and Health
n=360
91% male
Age range: mid 30s to mid 50s
No mention of race/ethnicity, or nativityWorkplace exposure: job strainSaliva
Local m. of the BDNF gene involved in function of the adult brainStringhini et al. 2015
ItalyEuropean Prospective Investigation into Cancer and Nutrition Cohort (EPIC)
n=857
42.8% male
Age range mid 40s to mid 60s
No mention of race/ethnicity, or nativityChildhood and adulthood SES
Life-course SES trajectoryPeripheral blood
Genome-wide and local m. of candidate genes involved in inflammation (ADM,GPR132, IL1A, CCL20, CXCL2…)Subramanyam et al. 2013
USAMulti-Ethnic Study of Atherosclerosis
n=1002
48% male
Mean age 61 yrs (range 45 to 84 yrs)
White, Black/AA, Hispanic/LatinxSociodemographics: race/ethnicity
Childhood and adulthood SESPeripheral blood
Global m. (Alu and LINE-1)Suderman et al. 2014
UK1958 British Birth Cohort Study
n=40
100% male
Age: 45 yrs
100% WhiteAdverse childhood exposures: physical, emotional and sexual abuse
Adulthood SESPeripheral blood
Genome-wide m. and ID of differentially m. regionsTajuddin et al. 2019
USAHealthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS) Study
n=487
51% male
Mean age 48.7 yrs
50.4% Black/AA, 49.6% WhiteSociodemographics: Race, sex, and poverty statusPeripheral blood
Genome-wide m. Horvath and Hannum epigenetic clockTehranifar et al. 2013
USANew York Women’s Birth Cohort
n=89
0% male
Mean age 43 yrs
31% Black/AA, 26% White, 43% Hispanic/LatinxChildhood and adulthood SESPeripheral blood
Global m. (Sat2, Alu, LINE-1)Toyooka et al. 2003
Multinational
USA, Taiwan, Japan,
and AustraliaPatients with primary non-small cell lung cancers
n=598
69% male
Mean age 63 yrs
No mention of race/ethnicity, or nativitySociodemographics: gender, geographyLung tissue
Local m. of 7 genes (p16, RASSFIA, APC, RARβ, CDH13, MGMT, GSTP1) involved in lung cancersLung cancersUddin et al. 2010
USADetroit Neighborhood Health Study
n=100
40% male
Mean age 45.8 yrs
79% Black/AA, 14% White, 7% OtherTrauma exposure as assessed via PTSDPeripheral blood
Genome-wide m. and ID of differentially-methylated regions by PTSD statusUddin et al. 2013
USADetroit Neighborhood Health Study
n=100
40% male
Mean age 45.8 yrs
79% Black/AA, 14% White, 7% OtherAdulthood SES (as a moderator)Peripheral blood
Genome-wide m. and ID of differentially-m. regions by PTSD statusPTSD, postraumatic symptom severityYehuda et al. 2014
USAAdult children of Holocaust survivors and controls
n=95
100% male
Mean age 56.6 yrsAdverse childhood experiences: maternal or paternal PTSDPeripheral blood
Local m. of the GR-1F promoterYehuda et al. 2016
USAHolocaust survivors, children of survivors, controls
n=71
Survivors: 60% male; Children: 23% male
Age range: early 40s to mid 80s
100% JewishTrauma exposure: Holocaust
Adverse childhood experiences: maternal or paternal PTSD, physical or sexual abusePeripheral blood
Local m. of FKBP5 intron 7 binding protein 5Cortisol
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