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Psychosocial stressors can become embodied to alter biology throughout the life

course in ways that may have lasting health consequences. Immigrants are particularly

vulnerable to high burdens of stress, which have heightened in the current sociopolitical

climate. This study is an investigation of how immigration-related stress (IRS) may

impact the cardiometabolic risk and epigenetic markers of Latinx immigrant mothers

and children in Nashville, TN. We compared stress and resilience factors reported by

Latina immigrant mothers and their children (aged 5–13) from two time points spanning

the 2016 U.S. presidential election (June 2015–June 2016 baseline, n = 81; March–

September 2018 follow-up, n = 39) with cardiometabolic risk markers (BMI, waist

circumference, and blood pressure). We also analyzed these factors in relation to DNA

methylation in saliva of stress-related candidate genes (SLC6A4 and FKBP5), generated

via bisulfite pyrosequencing (complete case n’s range from 67–72 baseline and 29–31

follow-up) (n’s range from 80 baseline to 36 follow-up). We found various associations

with cardiometabolic risk, such as higher social support and greater acculturation were

associated with lower BMI in mothers; discrimination and school stress associated with

greater waist circumferences in children. Very few exposures associated with FKBP5,

but various stressors associated with methylation at many sites in SLC6A4, including

immigrant-related stress in both mothers and children, and fear of parent deportation in

children. Additionally, in the mothers, total maternal stress, health stress, and subjective

social status associated with methylation at multiple sites of SLC6A4. Acculturation

associated with methylation in mothers in both genes, though directions of effect varied

over time. We also find DNA methylation at SLC6A4 associates with measures of

adiposity and blood pressure, suggesting that methylation may be on the pathway linking

stress with cardiometabolic risk. More research is needed to determine the role of these

epigenetic differences in contributing to embodiment of stress across generations.
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INTRODUCTION

The accumulation of stress over time can contribute to biological
embodiment across the life course. Stressors in the early life
environment may influence susceptibility to later life chronic
disease. Latinx Americans, regardless of immigration status,
often experience high rates of chronic stress and are at risk
for high rates of cardiometabolic disease later in life, including
obesity and hypertension. For example, Latinx adults have
1.65 times the rate of diabetes (1, 2) and 1.2 times the rate
of overweight and obesity, relative to non-Latinx whites (3).
These health disparities often emerge early in life: overall Latinx
children aged 2–19 have 1.6 times the rate of obesity as white
children (1), and the youngest group of Latinx children aged
2–5 years have nearly quadruple the rates of obesity as white
children in the US (4, 5). Currently, immigrants and their US-
born children comprise 85.7 million people, which is about 26
percent of the overall US population (6), and nearly half of
which report Latinx origins. Thus, Latinx Americans represent
an important demographic for the health of the future of the
US population.

Latinx immigrant families may be particularly at risk for
stress-related diseases, such as cardiometabolic diseases like
hypertension and diabetes, as they experience high rates of
stressors related to immigrant experiences, including legal
status, uncertain immigrant policies, and acculturative stress
(7–9). Children of recent immigrants may be at even higher
risk than their first-generation immigrant parents, as health
outcomes tend to worsen with longer duration in the US,
and risk increases across generations, suggesting that racism,
xenophobia, or poor living conditions in the US lead to worse
health, rather than immigration itself (10–12). Regardless of
their own immigrant status, children of Latinx immigrants are
disadvantaged on numerous fronts, including access to quality
education, health care, and job security for their parents, while
being confronted at the same time with resentment, racism, and
often violence. Additionally, Latinx children and their parents
face heightened stereotypes resulting from recent and highly
publicized ongoing debates on immigration policy regarding the
Mexican border. These social determinants can affect immigrant
families’ lifestyles, risk of disease, and mortality. For example,
studies find associations between racial discrimination and
higher BMI, waist circumference, and blood pressure in young
children and in adults (13, 14). While changes in diet and
exercise likely contribute to these outcomes, stressors may also
become embodied directly through molecular mechanisms that
may influence lifetime risk of cardiometabolic disease (15–17).

Embodiment, in this paper, refers to the process by which
one’s life experiences are literally incorporated biologically, at
a molecular level, to influence later life health and disease
(18). This process of embodiment is in contrast to the
notion of genetic determinism, in which one’s phenotype is
permanently set by inherited genes. Epigenetic mechanisms,
such as DNA methylation, are one process of embodiment
by which an individual’s phenotype can change over his/her
lifetime in response to the environment. The epigenome may be
particularly sensitive to embodiment in early life environments,

or critical periods, when biological systems are actively being
developed (19).

While early life may be the most sensitive period for
epigenetic processes, the accumulation of experience over a
life course can also alter the epigenome, through potentially
environmentally influenced or stochastic changes, as evidenced
by identical twins reared apart (20, 21) and aging studies (22–
24). When environmentally influenced, epigenetic changes may
be a mechanism for the process of weathering, whereby the
cumulative effect of social disadvantage over time, such as
poverty or discrimination, disproportionately affects the health of
disadvantaged populations (25, 26). Regardless of the time period
of exposure, the epigenome is clearly sensitive to environmental
forces, and has been theorized to help explain the persistence
of racial and social health disparities, such as the increased
burden of cardiovascular disease among Black relative to white
Americans (27), and the higher rates of chronic diseases, such
as obesity and diabetes, among Latinos (28). However, as most
prior research only examines one time point for epigenetic
measures, usually early in childhood, we do not yet know how
the epigenome responds to environmental exposures across the
lifespan, or how much it contributes to racial disparities in
cardiometabolic health.

Most social epigenomic studies to date focus on DNA
methylation, which is the addition of a methyl group to the
5′ carbon of a cytosine. Many of these studies tend to use a
hypotheses-free genome-wide approach, relying on preselected
sites on a microarray, which tend to miss important gene
regions (29). Targeted approaches can be useful extensions on
this work, when specific hypotheses exist for certain genes, and
when working with smaller sample sizes. For example, there are
two genes well-established to be involved in the regulation of
stress response, including the glucocorticoid receptor chaperone
protein gene FK506 Binding protein 5 (FKBP5), which is an
important regulator of glucocorticoid receptor sensitivity (30, 31)
and the serotonin transporter gene (SLC6A4), which has been
implicated in stress response and increased risk for psychiatric
disorders (32). Both genes regulate stress response, and also have
a potential role in influencing cardiometabolic risk (15–17).

FKBP5 is a gene known to regulate the glucocorticoid receptor,
an important part of the hypothalamic pituitary adrenal (HPA)
axis that binds cortisol—an adrenal stress hormone that also
regulates metabolism—and thus a good candidate to mediate
an epigenetic response to social stress. Many studies have
identified associations between adverse childhood experiences,
socioeconomic adversity, and other environmental stressors
with lower DNA methylation of FKBP5 across various tissues
as reviewed in Parade et al. (33). Demethylation of intron
2 of FKBP5 has been shown to disrupt the HPA axis and
contribute to glucocorticoid resistance, higher cortisol levels,
and prolonged recovery following exposure to stress (34). One
study of maternal-neonatal pairs in the Democratic Republic
of Congo found significant methylation changes at different
transcription factor binding sites in FKBP5, along with other
HPA axis related genes, in association with chronic stress and
war trauma across maternal blood, placenta, and newborn cord
blood (35). Decreased methylation at FKBP5 has also been
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identified in blood cells of adults who had experienced childhood
trauma (36), in blood cells of Holocaust survivors with Post-
Traumatic Stress Disorder (PTSD) and their offspring (37),
and in buccal epithelial cells of adolescents who experienced
early-life institutionalization in Romania (38). One study found
methylation in one site of FKBP5 was a predictor of both
PTSD symptom severity and resilience (in opposite directions)
in saliva (39). However, a different study found an opposite
direction of effect in saliva, such that stress in childhood
was associated with higher methylation of this gene in young
adulthood (40), and a number of studies found no associations
between childhood adversity and methylation at this gene
(41–43) (though methylation and expression of this gene
were usually linked with higher rates of depression) (41, 42).
Higher methylation at this gene has also been linked with less
healthy metabolic measures, such as waist circumference (15).
While there is some inconsistency in findings, the majority of
studies observed significant associations of child adversity and
methylation across tissues, suggesting systemwide effects of early
adversity on methylation at this gene, which may have relevance
for cardiometabolic risk.

SLC6A4 is a second gene with well-established associations
with maternal care, early life adversity, and long-term child
development. This gene is involved in serotonin and dopamine
releases and has been implicated in stress response and increased
risk for psychiatric disorders (44). SLC6A4 helps regulate the
bioavailability of serotonin and thus modulates mood, anxiety,
and energy homeostasis. The majority of studies investigating
this gene found that the 5-HTTLPR genotype moderates the
relationship between early life stress and depression (45, 46). A
growing number of studies have also found DNA methylation in
the promoter of this gene in blood to be positively associated with
child adversities (47–50), though in contrast one study found
decreased promoter methylation in maternal and cord blood
associated with depression in pregnancy (51). Methylation at
SLC6A4 also has been related to cardiometabolic health, as one
study found promoter hypermethylation in blood leukocytes to
be significantly associated with an increased prevalence of obesity
(16). Altered methylation of CpG5 in cord blood was also found
to be associated with greater concurrent measures of adiposity
including BMI and waist circumference (17).

Latinx immigrant families in the US are living in a state
of chronic stress, constantly on edge with concerns about
deportation of their family members, or their ability to remain
in the country in which most of them have lived for the
majority of their lives, particularly in the years since the 2016
Presidential election. The epigenetic effects of increasing stress
and anxiety associated with this particular sociopolitical moment
for Latinx families are yet to be studied. To our knowledge,
only one other study, completed in 2010, has investigated
associations between discrimination and DNA methylation in
Latina women (52). In blood from 147 pregnant Latina women,
they identified decreased methylation in FKBP5 associated
with increased discrimination over time, though not always
in expected directions. Only our prior study has investigated
epigenetics of children of immigrants in relation to multiple
psychosocial stress and resilience factors (53). We generally

found increased stress and decreased social support associated
with decreased epigenetic age, suggesting stress may slow child
development. Few other studies have examined epigenetics of
social support or any other positive social factor.

Study Purpose and Hypotheses
The current study examined associations between psychosocial
stressors and resilience factors with cardiometabolic risk factors,
along with targeted DNA methylation in the FKBP5 and
SLC6A4 genes in saliva of Latina immigrant mothers and their
children. This study represents a targeted extension of our
previous genome-wide analysis of the children’s samples (53).
We hypothesized that stressors measured both in childhood and
adulthood would be associated with cardiometabolic markers
including higher BMI, waist circumference, and blood pressure.
We further predicted that stressors would associate with
decreased DNA methylation at key CpG sites within intron
2 of FKBP5, and with increased methylation of the promoter
region of SLC6A4. Finally, we predicted that methylation at
these genes may associate with cardiometabolic markers. Overall,
this study may be the first to examine repeated epigenetic and
cardiometabolic measures in relation to stress and resilience
within a longitudinal sample of Latina immigrant mothers and
their children.

MATERIALS AND METHODS

Study Population
The study sample draws from a longitudinal study of stress
embodiment, entitled “Children of Hispanic Immigrants
Collaborating to Overcome Stress” (CHICOS). The study
recruited 81 families (mother-child dyads) in Nashville, TN
between June 2015 and June 2016. This initial time point is
called “baseline” throughout the rest of the study. Participants
were recruited from local immigrant-serving community centers
with subsequent snowball sampling. Inclusion criteria were self-
described Latina, foreign-born immigrant mothers above age 18,
with a child between the ages of 5–13. The mother and focal child
were assessed on a number of different biological, psychosocial,
and health-related measures. Following baseline assessment of
the dyads, we revisited the same families 2–3 years later (March–
September 2018), collecting the same data and new interviews
focused on changes since the 2016 presidential election, from all
available mothers and children who participated in the baseline
sample (n = 39). This time point is referred to as “follow-up”
throughout the study. Informed oral consent was provided by
all participants, and Vanderbilt University and University of
California San Diego Institutional Review Boards approved all
protocols. All data are available upon request, and key measures
are available in Supplementary Table 4.0.

Exposures: Psychosocial Stressors and
Resilience Factors
All exposure data were collected using surveys administered in
person with mothers in Spanish (1.5–2 h) and children primarily
in English (45min). Surveys were a combination of validated
scales and new survey questions developed following a set of
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preliminary individual interviews in 2014 with children, and
focus groups with Latina immigrant mothers in Nashville, TN
(54). Questions included in each scale are described in brief
below, and detailed further elsewhere (53).

Psychosocial Stressors
Multiple measures of psychosocial stress were assessed, covering
a range of domains, and including maternal and child assessment
of each domain. Measures reported at both time points separately
by children and mothers included immigrant-related stress
(IRS), discrimination stress, and a total stress score. Measures
additionally reported by only mothers included family economic
stress, family health stress, and household stress. A measure
reported only by the children was school stress. The questions
included in each stress scale and Cronbach’s alpha score for
internal reliability are available elsewhere (53). The validated
everyday discrimination scale was also reported separately for
mothers and children at the follow-up time point (55). This
scale has been validated in Latina adults (56). All indices were
calculated by taking the mean of responses for those not missing
more than two questions, and higher scores indicate more stress
across all measures. Outside of the scales, we also examined one
individual question about the child’s fear of parent deportation.

Resilience Measures
Measures of resilience included social support and optimism
reported separately by mothers and children. We developed
child-focused social support questions focusing on support from
the parents (53). Social support and social connection in mothers
were measured with a modified index from the Berkman Syme
Social Network Index (57). Generalized dispositional optimism
was measured in the mothers using the revised 10-item version
of the Life Orientation Test (58), a scale which has been validated
in Latina adults (59). To measure optimism in the children, we
used the Y-LOT, the youth version of the LOT-R, which has been
validated in a racially diverse set of 3rd to 6th grade children (60).
Y-LOT was only measured at follow-up.

A measure of subjective social status (SSS) was also considered
a resilience factor, as higher scores indicate better social standing.
SSS has been linked with self-reported health among immigrant
Latinas, and has been hypothesized to capture immigrant
experiences that may alter perceived self-worth (61). Maternal
SSS was measured at baseline and follow-up time points with the
MacArthur SSS scale, which asks mothers to report where they
felt they fit on a social ladder (range 1–10) in relation to others
in the US (62). This scale has been validated and demonstrated
reliability among diverse racial/ethnic groups, including Latinas
(63). We also used the language use subscale of the Short
Acculturation Scale for Hispanics (SASH), which has shown to
be highly correlated with the overall SASH scale in validation
studies (64).

Outcomes: Cardiometabolic Biomarkers
and DNA Methylation
Cardiometabolic Biomarkers
Multiple measures of cardiometabolic risk were assessed in both
the children and the mothers at both time points. In the children,

we measured adiposity with Body Mass Index (BMI) percentile
(adjusted for child age and gender) and waist circumference. In
the mothers, we measured BMI, systolic blood pressure (SBP),
and diastolic blood pressure (DBP).

DNA Methylation
Genomic DNA was extracted from 79 Oragene saliva samples
from children in 2015–2016 and again in 2018 (38 samples) using
standard protocols (DNA Genotek, Ottawa, Ontario, Canada).
Genomic DNA was also extracted from saliva of 80 mothers
at baseline and 40 mothers in follow-up. Saliva was stored at
room temperature, per manufacturer’s recommendation until
DNA extraction. DNA was isolated from 500 µl of children’s
saliva using prepIT-L2P (Zymo Research, CA, USA) and stored
at −20◦C until time of analysis. DNA was excluded from four
child samples at baseline and one child and twomaternal samples
collected follow-up due to low quality/concentration of DNA, as
measured byNanodrop andQubit. The level of DNAmethylation
was assessed via bisulfite pyrosequencing at two CpG sites within
intron 7 of the FKBP5 gene and six sites within the promoter
region of the SLC6A4 gene. In the end, we generated high quality
methylation data from 78 child and maternal samples at baseline
and 36 child and 38 maternal samples at follow-up for FKBP5.
For SLC6A4, we generated data for 78 child and 80 maternal
samples at baseline and 37 samples for both groups at follow-
up. These gene regions were chosen based on prior studies
highlighting their importance in early life adversity in humans,
other primates, and rodents (38, 65, 66). These specific CpG
sites assayed were in important regulatory regions, including the
glucocorticoid response element of intron 7 of FKBP5, and the
promoter region of SLC6A4. Primers for FKBP5were designed by
EpigenDx (Assay ADS3828-FS2), which covers two sites in Bin 2
of intron 7 (37). Specific primer information of these gene regions
can be found in Supplementary Table 2.0.

In brief, 500 ng of DNA from each sample was bisulfite
converted in duplicate using the EZ DNA Methylation Gold
Kit (Zymo Research, CA), according to manufacturer’s protocol.
Duplicate bisulfite-converted DNA was mixed with 0.2µM of
each primer and amplified using the HotstarTaq plus Master Mix
(Qiagen, CA). For each sample, PCRs were performed on each of
the duplicate bisulfite treatments using the following protocol for
SLC6A4 gene: one cycle of 95◦C for 5min, 45 cycles of 94◦C for
1min, 58◦C for 1min, 72◦C for 1min, and 72◦ for 10min. For
FKBP5 gene: one cycle of 95◦C for 5min, 45 cycles of 95◦C for
30 s, 56◦C for 30 s, 72◦C for 30 s, and 68◦ for 10 min.

DNA methylation levels for all CpG sites were assessed using
the Pyromark Q24 pyrosequencer, following standard protocols
(Qiagen, CA). A bisulfite conversion check was included in each
assay to verify full conversion of the DNA. If the difference
between two bisulfite replicates exceeded two standard deviations
(SDs) of the variation in the entire study population, a third
bisulfite treatment was tested and the average of the two closest
results was used. The final analytical sample with complete data
at baseline for children ranged from 67 to 68, and for mothers n
= 72, and follow-up children’s sample n = 29–31, and mother’s
sample n= 30–31.
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Covariates
Mothers self-reported at each time point their own age, marital
status, number of years lived in the US, legal status, and maternal
smoking status. Children reported their own age and gender at
each time point.

Data Analyses
We first tested correlations between each psychosocial stressor
and resilience factor, key demographic factors, and all measures
of cardiometabolic risk, and DNA methylation across all
studied sites of SLC6A4 and FKBP5, separately at each time
point, using Pearson’s correlations, to guide model building in
subsequent analyses.

We next modeled associations between each psychosocial
stressor and resilience factor with all cardiometabolic risk
markers, and separately with each methylation site, and the
average across sites, in the two genes. While a formal mediation
analyses was not supported by our small sample size, we also
tested if the methylation levels at any site within either gene
were associated with the cardiometabolic risk markers to test the
hypothesis that methylation of stress-related genes may be on the
pathway toward cardiometabolic disease.

All associations were modeled using linear regressions by
adjusting for a set of key covariates, including child’s age,
mother’s age, child’s gender, and maternal smoking, which are
known confounders in epigenetic studies (67). All associations
are presented as Beta estimate (standard deviation), p-value.
We tested additionally including socioeconomic and immigrant-
related demographic factors, including maternal years in the
US, legal status, marital status, and education level, but missing
data across variables limited the value of these models, which
are not presented. Where significant, we also report the effects
of each of these factors given their role in contributing to the
immigrant context. We chose not to adjust for multiple testing
corrections, since these adjustments can be overly conservative
for exploratory analyses, particularly when methylation sites
are highly correlated within regions, and exposures are also
correlated. All analyses were conducted in R (http://www.R-
project.org).

In a secondary set of analyses, we examined differences in
methylation levels over time in both mothers and children, as
well as the overall relationship between mothers and children’s
methylation at each time point using paired t-tests. We also
explored longitudinal changes in methylation with linear mixed
models, adjusting for the same key demographics as other
described models.

RESULTS

Demographics
Population Characteristics
Demographic characteristics of our analytical sample of 79
baseline and 39 follow-up CHICOS participant mothers and
children are displayed in Table 1. In brief, at baseline, mean
age of children was 8.7 years, 56% female, and the majority
were born in the US (72%). Mothers were mean age 34.6 years,
primarily non-smokers (97.4%), mostly born in Mexico (86.8%),

lived in the US on average 12.6 years, and majority self-reported
undocumented (85.3%). Mothers were mostly married (85.5%)
and with few years of education (mean 9 years), and over
a third had trouble paying basic bills (39.5%). In comparing
demographics of analyzed subjects vs. those lost to follow-
up, we found those lost were significantly more likely to be
undocumented and unmarried mothers at baseline, but did not
differ in other measured demographics.

Stress and Resilience Levels
All measured stress and resilience levels at both time points are
reported in Table 1. Generally, we found stress levels in mothers
were high across both time points, with slight decreases in total
stress and immigrant stress over time, while resilience factors
such as optimism and social support also decreased over time. In
children, stress and resilience measures both generally increased
over time, particularly immigrant stress and social support from
parents. There was wide variation across most of these measures
in this sample, as reported previously (53).

Correlations Among All Study Variables
Bivariate correlations between all study variables can be
found in Supplementary Tables 3.0, 3.1, 4.0, 4.1. In brief, many
correlations were found in expected directions between stress
and resilience exposures with cardiometabolic risk factors and
DNA methylation in both mothers and children, though results
varied somewhat across generations and across time points.
These exploratory analyses guided the building of linear models,
which showed largely similar results, as described below.

Associations Between Stressors and
Cardiometabolic Markers
In linear models adjusted for key covariates at baseline, no
variables associated with children’s cardiometabolic markers, but
in mothers, social support and connection inversely associated
with BMI [Beta: −2.15 (SD < 0.01), p = 0.034] (Table 2).
At follow-up, children’s school stress [B: 22.15 (10.72), p =

0.048] and everyday discrimination [B: 9.92 (3.72), p = 0.015]
were positively associated with children’s waist circumference.
In the mothers at follow-up, a negative association was detected
between acculturation (SASH) and BMI [B= −2.96 (1.44), p =

0.049], and between subjective social status and SBP [B: −2.71
(1.27), p = 0.040] (Table 2). Other marginal associations are
displayed in Table 2.

Associations Between Stress/Resilience
and FKBP5 Methylation
At baseline in children, only the variables of fear of parent’s
deportation and everyday discrimination were marginally
associated with FKBP5 methylation (Table 3). In mothers at
baseline, a significant negative association was found between
mother’s acculturation (SASH) andmother’s FKBP5methylation,
such that those who communicated more comfortably in English
had lower methylation at the first CpG site [B: −1.19 (0.44), p =
0.008] and lower average methylation across sites of FKBP5 [B:
−0.89 (0.36), p= 0.017; Table 3].
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TABLE 1 | Demographics, social stressors, and resilience factors over time, complete case data.

Baseline

(n = 79)

n, % or mean

(sd, range)

Follow-up

(n = 39)

n, % or mean (sd,

range)

Missing data

baseline/follow-up

p-value†

Child demographics

Age in years 8.67 (2.13, 5–13) 10.5 (2.10, 6–15) 1/2 <0.001

Gender (female) 44 (56.4%) 17 (47.2%) 1/1 –

Country of birth 0/2 –

United States 57 (72.2%) 27 (73.0%)

Other 22 (27.8%) 10 (27.0%)

Mother demographics

Age in years 34.61 (5.95, 23–52) 37.45 (4.84, 29–47) 3/0 <0.001

Country of birth 3/1 –

Mexico 66 (86.8%) 35 (92.1%)

Other Latinx country 10 (13.2%) 3 (7.9%)

Years in US 12.59 (3.97, 4–27) 14.98 (3.46,

6.67–22.42)

4/2 <0.001

Legal status 4/3 <0.001

Undocumented 64 (85.3%) 33 (91.7%)

Documented 11 (14.7%) 3 (8.3%)

Marital status 3/1 0.041

Married 65 (85.5%) 29 (76.3%)

Single 11 (14.5%) 9 (23.7%)

Years of education 9.39 (3.18, 2–18) 9.57 (3.24, 2–16) 3/1 –

Trouble paying basic bills (yes) 30 (39.5%) 10 (27.0%) 3/2 0.228

Smoking frequency 2 (2.6%) 3 (7.9%) 3/1 0.617

Child psychosocial stressors

Total child stress (0–2) 0.56 (0.26, 0.13–1.31) 0.43 (0.15, 0.12–0.75) 4/5 0.196

Immigrant stress score (0–2) 0.85 (0.38, 0–1.75) 0.99 (0.38, 0.2–1.8) 2/3 0.009

Discrimination stress (0–2) 0.27 (0.37, 0–2) 0.21 (0.31, 0–1.4) 2/3 0.482

School-related stress (0–2) 0.51 (0.32, 0–1.43) 0.55 (0.28, 0–1.43) 3/4 0.126

Fear of parent’s deportation 2/3 0.085

Never 27 (35.0%) 8 (22.2%)

Sometimes 31 (40.3%) 19 (52.8%)

Always 19 (24.7%) 9 (25%)

Child resilience factors

Social support parents (0–2) 1.41 (0.41, 0.5–2.0) 1.53 (0.34, 0.6–2.0) 2/3 0.002

Optimism (YLOT; 12–48) – 32.83 (7.08, 20–46) 39/3 –

Mother report of psychosocial stressors

Total maternal stress (0–1) 0.30 (0.17, 0.02–0.78) 0.25 (0.12, 0.02–0.53) 8/5 0.019

Immigrant stress score (0–1) 0.46 (0.23, 0–0.9) 0.42 (0.21, 0–0.8) 8/1 0.002

Discrimination score (0–1) 0.43 (0.25, 0–1.0) 0.36 (0.24, 0–0.86) 6/2 0.053

Household stress (0–1) 0.21 (0.21, 0.0–0.8) 0.23 (0.20, 0.0–0.8) 5/1 0.610

Family economic stress (0–1) 0.24 (0.24, 0.0–1.0) 0.17 (0.17, 0.0–0.63) 6/4 0.059

Health stress (0–1) 0.32 (0.26, 0.0–1.0) 0.27 (0.22, 0.0–1.0) 3/2 0.224

Mother resilience variables

Subjective social status (1–10) 4.07 (1.88, 1–9) 4.32 (1.56, 1–8) 3/1 0.075

Social support and connection (1–4) 2.48 (0.58, 0.25–3.40) 2.19 (0.56, 1.0–3.40) 3/1 0.019

Optimism (0–24) 17.12 (3.05, 12–24) 13.66 (2.30, 8–18) 5/1 <0.001

†P-value based on paired t-tests for continuous variables, and McNemar (paired Chi Square) test for categorical variables. Comparisons were calculated only on the 36 individuals in

both time points. Bolded values represent significant associations. Italicized values represent marginal associations. Values in parentheses following psychosocial stressors and resilience

factors represent the potential range of each measure.
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TABLE 2 | Children’s and Mothers’ psychosocial stressors, resilience factors, and cardiometabolic biomarkers.

Children’s cardiometabolic health biomarkers

BMI percentile

B (SD)

Waist circumference

B (SD)

Children’s measures at follow-up n = 31 n = 30

Stress variables

Total child stress score – 42.13 (21.09)

School stress – 22.15 (10.72)

Everyday discrimination – 9.92 (3.72)

Discrimination stress – 20.16 (10.88)

Mother’s cardiometabolic health biomarkers

BMI

B (SD)

SBP

B (SD)

DBP

B (SD)

Mothers’ measures at baseline n = 76 n = 73 n = 73

Stress factors:

Immigrant related stress – 12.04 (6.57) –

Discrimination stress – 10.92 (6.29) –

Resilience factors:

Social support/social connection −2.15 (<0.01) – –

Optimism −0.34 (0.20) – 0.59 (0.35)

Mothers’ measures at follow-up n = 30 n = 34 n = 34

Stress factors:

Discrimination stress – 15.8 (8.37) –

Resilience factors:

Subjective Social Status – −2.71 (1.27) –

Social support/social connection – – 5.11 (2.87)

Acculturation (SASH) −2.96 (1.44) – –

B, Beta, represents unstandardized regression coefficients; SD, standard deviation. Only significant (bolded) or marginalized (italicized) findings are presented.

TABLE 3 | Psychosocial stressors and resilience factors and methylation levels at

FKBP5 of children and mothers at both time points.

FKBP5

Baseline CpG1 CpG2 Average

Child stress variables B (SD) B (SD) B (SD)

Fear of parent’s deportation – 0.72 (0.37) –

Discrimination stress −1.93 (1.06) – –

Maternal resilience variables

Acculturation (SASH) −1.19 (0.44) −0.58 (0.33) −0.89 (0.36)

Follow-up CpG1 CpG2 Average

Child stress variables

Everyday discrimination – −1.03 (0.38) −0.93 (0.45)

Child resilience variables:

Parental social support 2.86 (1.29) – 1.94 (1.07)

Maternal stress variables:

Family health stress – – −1.25 (0.64)

B, Beta, represents unstandardized regression coefficients; SD, standard deviation. Only

significant (bolded) or marginalized (italicized) findings are presented.

At follow-up, a negative association was found between child’s
report of Everyday Discrimination and children’s methylation at
the second site of FKBP5 [B: −1.03 (0.38), p = 0.0141]. Child’s
report of parental social support was positively associated with

methylation at the first site [B: 2.86 (1.29), p = 0.035] of FKBP5
(Table 3).

Associations Between Stress/Resilience
and SLC6A4 Methylation
In children at baseline, positive associations were detected
between IRS with two sites in SLC6A4: CpG3 and CpG5
(Table 4). Children’s fear of parent’s deportation was also
associated with CpG sites 3, 5, and 6 of SLC6A4 (all p < 0.040).
In mothers at baseline, various sites of SLC6A4 were positively
associated with total maternal stress, IRS, health stress, and
discrimination stress (Table 4, all p < 0.040). SSS was negatively
associated with CpG1, CpG3, CpG6, and average methylation (all
p < 0.030).

In children at follow-up, optimism was negatively associated
with CpG2 in SLC6A4 [B: −0.07 (0.03), p = 0.040] (Table 4).
In mothers we see some associations in the opposite direction
as seen at baseline, as both IRS and household stress negatively
associated with CpG4 of SLC6A4 (all p < 0.02), while SASH
was positively associated with CpG3, CpG4, CpG5, and average
methylation at SLC6A4 (Table 4).

Associations Between Methylation and
Cardiometabolic Markers
In the children at baseline, we detected significant inverse
associations at baseline between several sites and the average

Frontiers in Psychiatry | www.frontiersin.org 7 July 2021 | Volume 12 | Article 696827

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Clausing and Non Epigenetics—A Mechanism of Embodiment

TABLE 4 | Psychosocial stressors and resilience factors and methylation levels at SLC6A4 of children and mothers at both time points.

SLC6A4

CpG1 CpG2 CpG3 CpG4 CpG5 CpG6 Average

Baseline

Child variables B

(SD)

B

(SD)

B

(SD)

B

(SD)

B

(SD)

B

(SD)

B

(SD)

Stress factors:

Total stress score – – – – 0.98 (0.67) 1.34 (0.68) –

School stress – – – 0.73 (0.47) 0.78 (0.53) – –

Immigrant-related stress – – 0.77 (0.35) – 0.89 (0.44) 0.89 (0.45) –

Fear of parent’s deportation – – 0.38 (0.17) 0.34 (0.19) 0.55 (0.21) 0.49 (0.21) 0.25 (0.15)

Maternal variables

Stress factors:

Total stress score 2.72 (1.37) 1.85 (1.19) 2.17 (1.20) – – 2.10 (0.93) 1.50 (0.70)

Immigrant-related stress 2.74 (0.98) 1.83 (0.85) 2.11 (0.86) – – 1.65 (0.67) 1.56 (0.49)

Family health stress – – 1.92 (0.76) – – 1.50 (0.60) 0.94 (0.45)

Discrimination stress 1.98 (0.95) – – – – – 1.01 (0.49)

Resilience factors:

Subjective social status −0.25 (0.12) – −0.23 (0.10) −0.13 (0.08) −0.02 (0.06) −0.24 (0.08) −0.17 (0.06)

Acculturation (SASH) −0.88 (0.44) – – – – – –

Follow-up

Child variables

Resilience factors:

Parental social

support

– −1.21 (0.65) – – – – –

Optimism – −0.07 (0.03) – – – – –

Maternal variables

Stress factors:

Immigrant-

related stress

– – – −3.37 (1.30) – – –

Household

stress

– – – −2.64 (0.99) – – –

Resilience factors:

Acculturation (SASH) – −0.51 (0.25) 0.54 (0.23) 0.84 (0.27) 0.61 (0.29) – 0.61 (0.22)

B, Beta, represents unstandardized regression coefficients; SD, standard deviation. Only significant (bolded) or marginalized (italicized) findings are presented.

methylation of SLC6A4 with both BMI percentile and waist
circumference (Table 5). Associations were consistently in the
negative direction in the smaller sample size at follow-up, though
not significant (data not shown). In the mothers at follow-up, we
detected positive associations between multiple sites of SLC6A4
and DBP—but not with SBP or BMI (Table 5).

Secondary Analyses: Cross-Generational
and Longitudinal Analyses
Comparing Methylation Across Generations: Mothers

vs. Children
At the baseline timepoint, paired t-tests revealed no significant
differences between mothers and children across sites of
FKBP5, though mothers tended to show lower methylation than
children at CpG1 and the average. Mother’s DNA methylation
was significantly higher relative to the child’s methylation in
SLC6A4 average and at sites CpG1, CpG2, and CpG4, (all

p < 0.005, Supplementary Figure 1.0). At the follow-up time
point, the mother’s methylation was significantly higher than
the child’s at SLC6A4 CpG4 (t = 2.41, df = 34, p = 0.022;
Supplementary Figure 1.1).

Longitudinal Analyses
Children showed a significant increase over time in SLC6A4
methylation at CpG1 (t = 2.15, df = 34, p = 0.039). Mothers
showed a significant decrease in FKBP5 methylation at CpG2
site (t = −2.86, df = 23, p = 0.009) and average across sites
(t = −2.14, df = 23, p = 0.0430) (Supplementary Figure 2.0).
We found the same site of CpG1 in SLC6A4 in children to
show significant change over time in a linear mixed model, after
adjusting for key demographic covariates, suggesting that the
methylation change was independent of age (and age was not
significantly associated). Formaternal methylation, no significant
changes over time were detected for FKBP5 after adjusting
for covariates.
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TABLE 5 | Children’s and mothers’ SLC6A4 methylation levels and cardiometabolic biomarkers.

Child’s BMI

percentile at

baseline

p-value Child’s waist

circumference at

baseline

p-value Mother’s DBP at

follow-up

p-value

n = 69 n = 62 n = 32

B (SD) B (SD) B (SD)

SLC6A4

Average −11.75 (3.63) 0.002 −4.63 (1.54) 0.004 4.10 (1.61) 0.016

CpG 1 −3.91 (1.73) 0.027 −2.00 (0.71) 0.007 – –

CpG 2 – – −2.49 (1.39) 0.078 3.46 (1.49) 0.027

CpG 3 −6.01 (3.27) 0.070 −2.91 (1.34) 0.033 3.64 (1.62) 0.032

CpG 4 −5.84 (2.95) 0.052 – – 3.55 (1.24) 0.007

CpG 5 −5.94 (2.60) 0.025 −2.24 (1.08) 0.042 3.28 (1.23) 0.012

CpG 6 −7.00 (2.52) 0.007 −2.12 (1.20) 0.082 2.52 (1.15) 0.036

B, Beta, represents unstandardized regression coefficients; SD, standard deviation. Only significant (bolded) or marginalized (italicized) findings are presented.

DISCUSSION

This study is the first, to our knowledge, to demonstrate
the impact of daily stressors of immigrant families (mothers
and children) on cardiometabolic risk and DNA methylation
of stress-related genes over time. In general, stressors were
associated with increased adiposity, while protective factors,
such as social support and higher subjective social status were
negatively associated with adiposity and BP. Associations with
epigenetic factors were generally in the expected direction
in both mothers and children within each gene, such that
increased levels of stress were associated with higher DNA
methylation in SLC6A4, and greater levels of resilience factors
were associated with lower methylation.While fewer associations
were detected with FKBP5, generally, greater stress was associated
with lower DNA methylation, and greater resilience with higher
methylation. These trends were consistent with prior studies
of these gene regions, where greater stress was associated with
higher methylation in the promoter of SLC6A4, and lower
methylation in intron 7 of FKBP5 (37, 38).

Below we describe in detail the magnitude and directions
of associations, how our results relate to similar studies and
contribute to theories of embodiment across the life course, and
the potential functional relevance of findings.

Embodiment via Cardiometabolic Risk
Measures
We found children’s stressors, such as everyday discrimination
and school stress, positively associated with larger waist
circumferences. This trend is consistent with other studies in
adults that have shown stressors such as everyday discrimination
to be associated with increased waist circumference (14) and
low socioeconomic status to be related to greater abdominal
fat deposit (68). In one study of Australian children (mean age
11 years), racial discrimination was associated with increased
BMI, waist circumference, and SBP (14). A meta-analysis has
documented strong associations between increased maternal
stress and greater obesity in children (69), though fewer studies

have measured stress experienced directly by children. Our data
suggest that increased risk for obesity may be influenced by stress
experienced by children in early to mid-childhood, even earlier
in life than usually studied. This finding suggests the importance
for health care providers to consider monitoring children’s
psychosocial stressors as contributors to cardiometabolic risk
early in life, in order to curb progression of largely preventable
cardiometabolic diseases.

In the mothers, we found greater acculturation and resilience
factors (e.g., higher subjective social status, higher social
support), associated with lower cardiometabolic risk, but
little evidence that stress associated with either BMI or BP.
A substantial literature supports associations between social
support and BP and BMI; e.g., social support has been associated
with lower BP reactivity to laboratory stress in older adults
(70) and was protective against intergenerational transmission
of obesity in a study of Finns in mid-adulthood (71). Findings
with acculturation are more mixed. A systematic review found
inconsistent effects of acculturation on BMI, such that 3 studies
were consistent with our finding of lower BMI with more
acculturation (which were mainly among women), while 6
studies of mixed gender showed the opposite pattern (72).
BMI can be influenced by many complex factors, including
cultural norms for body image, food availability, physical activity
norms, and loss of a “healthy migrant effect” over time,
such that it is challenging to predict how acculturation may
influence this trait. Further research is needed to determine how
acculturation and other resilience factors can protect against
elevated cardiometabolic risk, to reduce the risk of multiple
preventable health outcomes, including hypertension, diabetes,
stroke, and overall mortality (73).

HPA axis dysregulation may be a mediating factor between
psychosocial stress and increased risk of cardiometabolic
disease. Many studies have found chronic stress from various
sources associates with BMI, waist circumference, and adiposity,
potentially linked through elevated cortisol, which influences
metabolic function as well as stress response (74–76). For
this reason, we examined DNA methylation of FKBP5, a gene
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related to HPA axis functioning. Additionally, the serotonergic
system, including methylation of SLC6A4, is typically associated
with social and emotional reactivity to stress (77), which has
direct implications for cardiovascular health (78). Both general
trends and specific findings associated with both genes are
discussed below.

Embodiment via Epigenetics
In comparing overall findings across methylation analyses,
generally we found more significant associations between
stressors and resilience factors with DNA methylation among
mothers than among children. Though we measured more
factors in the mothers, many of the same stressors were
significantly associated with methylation in maternal saliva
but not in children. In fact, we found mothers had lower
levels of DNA methylation in FKBP5 and higher levels in
SLC6A4 as compared to their children. Decreased methylation
at FKBP5 and increased at SLC6A4 has been associated with
increased stress in this and prior studies. These patterns
may suggest that mothers are affected more by the daily
stressors they are experiencing than their children, or potentially
that mothers have accumulated more epigenetic changes over
their life course than children. This result is counter to
the hypothesis that childhood is a more sensitive period
of development, and may instead support a role for the
weathering hypothesis, where effects accumulate over time (26).
Alternatively, the mother’s own childhood exposures, many prior
to migration (which were not measured in this study), may
have been more adverse than that experienced by their US-born
children.

In comparing across time points, significant epigenetic
associations were found at similar frequencies at baseline and
follow-up time points. In fact, in many cases the specific findings
were similar across time points (with the exception of SLC6A4
data in the mothers at follow-up, where the sample size was the
smallest). The consistency of associations with methylation over
time was unsurprising, giving the relative similar reports of stress
exposures over time, and the relatively short time period of 2–
3 years between samples. This consistency speaks to the relative
stability of methylation data over time but also potentially the
ongoing challenges faced by immigrant families over the past few
decades, and the fact that more recent period of anti-immigrant
focused politics in the US may not be a uniquely important
stressor experienced in this population.

Despite measuring more stress than resilience factors, we
found a surprisingly high number of associations with resilience
factors in both mothers and children, justifying further study
of epigenetics of resilience. While resilience can sometimes be
viewed as simply the inverse of stress (i.e., lack of stress), our
findings suggest there may be unique benefits to social support
and optimism. These same factors have shown to buffer the
effects of adverse childhoods on adult health behaviors and health
outcomes (79), and thus the epigenetic effects we detect may be
potential mediators along this pathway.

When comparing findings across tested genes, overall SLC6A4
methylation was associated with more exposure variables than
FKBP5. Specifically, we found very little significant associations

with FKBP5 in our baseline sample. Only maternal acculturation
was associated with lower methylation at this gene, in the
expected direction for a stressor in FKBP5. Interestingly, we
found acculturation was also associated with lower methylation
in SLC6A4, though higher methylation is expected for stress in
this gene. While acculturation can be a stressful process, it can
also have health benefits. Our measure of acculturation was a
simple measure of language use. More detailed acculturation
measures in the future could help clarify what components of
acculturation are acting as risk or resilience factors for health, and
how they relate to these epigenetic markers.

At the follow-up time point, we found children’s reports of
everyday discrimination associated with lower methylation at
FKBP5, and parental social support with higher methylation.
These associations were significant even after adjusting for
covariates, and were in the expected direction based on prior
studies where stress associates with lowermethylation at this gene
(36, 80). Our findings expand this literature by investigating these
associations for the first time in children. The lack of significant
findings at this gene in mothers relative to children in our
sample may support the hypothesis that there are timing specific
effects that may vary by gene, as found in previous longitudinal
studies (38).

We found many different stressors associated with increased
methylation (i.e., the expected direction) at SLC6A4 in both
children and mothers (e.g., immigrant related stress, fear of
parent’s deportation) at baseline, while greater subjective social
stress was associated with decreased methylation in mothers. To
our knowledge, SSS has never been evaluated with epigenetic
data before, but appears to be protective against stress-related
epigenetic changes in our findings. At follow-up, optimism was
associated with lower methylation in children at this gene. In
our prior research (53), we found increased optimism to be
associated with increased epigenetic age in this same sample
of children, which was attributed to potentially beneficial faster
child development (e.g., reaching developmental milestones
more rapidly). In mothers at follow-up, the few findings (mostly
at one CpG site in SLC6A4) were inconsistent with baseline
trends, and also inconsistent with prior studies. These findings
should be interpreted with caution as they could be potentially
spurious associations related to the much smaller sample size
at follow-up.

In regards to the functional relevance of these results,
one noteworthy finding was that methylation at SLC6A4 was
significantly associated with lower BMI percentile and waist
circumference in the children, but greater BMI and higher BP in
the mothers, at the follow-up time point. Similar to our findings
in the children, one prior study found greater methylation of a
CpG site in the same region in SLC6A4 in blood of adolescents
was associated with lower measures of adiposity including BMI,
skin fold thickness, and waist circumference (17). Their study
also found lower methylation at the same site in obese compared
with lean adults in adipose tissue. Another study found no
association between methylation at this gene and BMI in adults
(81). These findings suggest directions of effect may vary with
age, but further study in larger longitudinal samples is needed to
clarify these trends.
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Given that these same sites of SLC6A4 also associated
with stress factors in our dataset, taken together with these
cardiometabolic findings, our data suggest that methylation
may be a pathway through which stressful experiences like
discrimination can become embodied and ultimately affect
cardiometabolic health. Larger and longer-term longitudinal
studies will ultimately be needed to formally address the role
of this gene in mediating cardiometabolic outcomes across the
life course.

Longitudinal Trends
Over time, we found a decrease in mothers’ average methylation
levels at FKBP5 and an increase in children’s methylation at
one CpG site in SLC6A4. For SLC6A4 specifically, we found the
effect persisted after adjusting for age, suggesting the increased
methylation was not just an aging effect. These longitudinal
trends, though small in magnitude, are in the direction expected
for increased stress in their environments. In contrast, our
measures of stress did not increase over time in mothers,
but they did in children, who may have become increasingly
aware of adverse sociopolitical environments as they aged.
While there have been increasing policies directed against Latinx
people during this 2-year study period, these changes may not
represent a unique moment in time for this population, who
have consistently faced high levels of discrimination and anti-
immigrant policies for decades. Thus, this current sociopolitical
moment may be less impactful than a lifetime of exposure to
these stressors experienced by the mothers, consistent with the
weathering hypothesis.

Limitations and Strengths
Several limitations should be noted. First, interpretation of our
findings is limited by relatively small sample sizes, especially
at the follow up time point. The large attrition was expected,
considering how recruitment was limited by several factors
regarding the socio-politically stressful time period. This is
typical in studies of vulnerable populations as there are inherent
difficulties in recruiting a largely undocumented immigrant
population (82). The high level of attrition may have biased
our sample to retain less vulnerable members of the baseline
group, particularly as those who left were more likely to
be undocumented and unmarried. This attrition bias could
contribute to the lack of a significant increase in stress over the
studied time period, despite increasing anti-immigrant policies
and rhetoric throughout this period. A second limitation is the
lack of generalizability of our findings. While Nashville, TN
represents a growing site for immigration settlement, our study
is only based in one location in the US South, and the majority
of the families were from Mexico, low SES, undocumented.
Third, we recognize BMI is not an ideal marker of metabolic
risk, as it is biased by design to measure “normal weight”
for Western Europeans (83). However, it often has clinical
relevance, especially when paired with waist circumference.
Fourth, any analysis of DNA methylation in saliva samples
cannot be generalized to other tissues of interest. Because saliva
samples are made up of both epithelial cells and blood cells,
there are concerns of cellular heterogeneity, that are generally

difficult to account for with bioinformatic adjustment (84),
and is typically only possible in genome-wide studies. Future
studies are needed to address this issue, ideally using samples
of isolated cell types across tissues. We also note that the
methylation detected by bisulfite conversion techniques can’t
distinguish between 5-hydroxymethylcytosine (5hmC) and 5-
methylcytosine (5mC), and thus our methylation estimates
represent a mix of both nucleotides (85). Fifth, we only
investigated a limited number of sites within two genes; however,
these sites were carefully chosen based on prior studies to
represent known pathways of stress embodiment. Finally, we
recognize that if a Bonferroni correction were applied, few of our
associations would pass. However, we note that in an exploratory
study of methylation, Bonferroni can be overly conservative,
particularly given that methylation levels are correlated across
sites, as are the stressors, so they should not all be considered
independent tests.

Our study contains a number of unique strengths as well.
First, despite a small sample size, our study was unique in
the depth of collected data, which includes comprehensive
measures of psychosocial stress and resilience. Our survey
data were obtained through extensive 2–3-h interviews with
the mothers and an hour with the children. Another strength
lies in the depth of data from two perspectives—mothers and
children. This is especially important as children’s perspectives
on stress are very underrepresented in the literature, and provide
insights on different epigenetic dynamics in different life stages.
Further, the longitudinal design permits comparison of stress and
methylation across different sociopolitical periods and across a
∼2-year span of childhood. Longitudinal methylation data are
very rare, especially during a difficult sociopolitical period for this
population. This study is also one of the only studies of stress and
methylation in Latinos. Finally, our targeted hypothesis-driven
epigenetic approach is valuable, particularly for a focused study
with extensive and detailed sociocultural data that are usually
very challenging to collect on larger samples necessitated by
genome-wide approaches (29).

CONCLUSION

Our findings demonstrate an epigenetic pathway through which
early adversity and ongoing stressful life events associate
with DNA methylation within important regulatory regions
of two well-characterized stress-related genes. This study
explored these epigenetic associations within the context of
a shifting sociopolitical environment. Many different stressors
were associated with both cardiometabolic health markers
and DNA methylation in both children and mothers at both
genes and across time points. Associations between methylation
at SLC6A4 with cardiometabolic markers implies potential
functional relevance of methylation at these sites in contributing
to obesity and other cardiovascular or metabolic diseases.
Taken all together, our findings suggest that methylation
may be a pathway through which stressful experiences like
discrimination can become embodied and ultimately affect
cardiometabolic health.

Frontiers in Psychiatry | www.frontiersin.org 11 July 2021 | Volume 12 | Article 696827

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Clausing and Non Epigenetics—A Mechanism of Embodiment

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Vanderbilt University IRB-Human Research
Protections Program; University of California San Diego
IRB-Human Research Protections Program. Written informed
consent from the participants’ legal guardian/next of kin was
not required to participate in this study in accordance with
the national legislation and the institutional requirements. Oral
informed consent was obtained from all participants.

AUTHOR CONTRIBUTIONS

EC and AN conceived of the study. AN coordinated and oversaw
all study activities. EC generated the methylation data. All
authors contributed to the analysis of the results and wrote
the manuscript.

FUNDING

Funds provided by the Chancellors Research in Excellence
Scholars at UCSD (Application # 4-G021), Hellman

Award at UCSD, Field/Lab Research Award from the
UCSD Department of Anthropology, the UC President’s
Dissertation Year Fellowship, and Foundation for Child
Development (VU-14).

ACKNOWLEDGMENTS

We are extremely grateful to the families who participated
in this research, and all of the undergraduate and graduate
students at Vanderbilt and UCSD who assisted with this
project. We also thank R. Quiroz, E. Aballi-Morrell, G. Leon-
Perez, D. Sanchez, and M. Miller for assistance with Spanish-
language data collection from mothers and B. Hollister, S.
To, H. Glass, E. Zhu, N. Smith, A. Whittemore, K. Sykes,
and other undergraduate students at Vanderbilt University
and Nashville high school students for assisting with data
collection from children. We also thank K. Myers, D. Cheung,
A. Royer, J. Corona, C. Arcasi-Matta, G. Murano, E. Eisner,
and L. Sanchez for assistance in interview transcriptions or
sample processing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.696827/full#supplementary-material

REFERENCES

1. Prevalence of Childhood Obesity in the United States. Available online
at: https://www.cdc.gov/obesity/data/childhood.html

2. Obesity Is a Common, Serious, and Costly Disease. Available online at: https://
www.cdc.gov/obesity/data/adult.html

3. Office of minority health. Obesity and Hispanic Americans (2019). Available
online at: https://minorityhealth.hhs.gov/omh/browse.aspx?lvl=4&lvlid=70

4. Skinner AC, Skelton JA. Prevalence and trends in obesity and
severe obesity among children in the United States, 1999-2012.
JAMA pediatrics. (2014) 168:561–6. doi: 10.1001/jamapediatrics.
2014.21

5. Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran D, Kit
BK, et al. Trends in obesity prevalence among children and adolescents in
the United States, 1988-1994 through 2013-2014. JAMA. (2016) 315:2292–
9. doi: 10.1001/jama.2016.6361

6. Batalova J, Hanna M, Levesque C. Frequently requested statistics on
immigrants and immigration in the United States. Online J Migr Policy

Inst. (2021). Available online at: https://www.migrationpolicy.org/article/
frequently-requested-statistics-immigrants-and-immigration-united-states-
2020

7. Negy C, Schwartz S, Reig-Ferrer A. Violated expectations and acculturative
stress among US Hispanic immigrants. Cultur Divers Ethnic Minor Psychol.

(2009) 15:255. doi: 10.1037/a0015109
8. Pérez DJ, Fortuna L, Alegría M. Prevalence and correlates of everyday

discrimination among US. Latinos. J Commun Psychol. (2008) 36:421–
33. doi: 10.1002/jcop.20221

9. Hovey JD, King CA. Acculturative stress, depression, and
suicidal ideation among immigrant and second-generation
Latino adolescents. J Am Acad Child Adolesc Psychiatry. (1996)
35:1183–92. doi: 10.1097/00004583-199609000-00016

10. Gordon-Larsen P, Harris KM, Ward DS, Popkin BM, National
Longitudinal Study of Adolescent H. Acculturation and overweight-
related behaviors among Hispanic immigrants to the US: the National
Longitudinal Study of Adolescent Health. Soc Sci Med. (2003)
57:2023–34. doi: 10.1016/S0277-9536(03)00072-8

11. Liu J, Probst JC, Harun N, Bennett KJ, Torres ME. Acculturation, physical
activity, and obesity amongHispanic adolescents. Ethn Health. (2009) 14:509–
25. doi: 10.1080/13557850902890209

12. Creighton MJ, Goldman N, Pebley AR, Chung CY. Durational
and generational differences in Mexican immigrant obesity:
is acculturation the explanation? Soc Sci Med. (2012) 75:300–
10. doi: 10.1016/j.socscimed.2012.03.013

13. Priest N, Truong M, Chong S, Paradies Y, King TL, Kavanagh
A, et al. Experiences of racial discrimination and cardiometabolic
risk among Australian children. Brain Behav Immun. (2020)
87:660–5. doi: 10.1016/j.bbi.2020.02.012

14. Hunte HER. Association between perceived interpersonal everyday
discrimination and waist circumference over a 9-year period in the midlife
development in the united states cohort study. Am J Epidemiol. (2011)
173:1232–9. doi: 10.1093/aje/kwq463

15. Ortiz R, Joseph JJ, Lee R, Wand GS, Golden SH. Type 2 diabetes and
cardiometabolic risk may be associated with increase in DNA methylation
of FKBP5. Clin Epigenetics. (2018) 10:82. doi: 10.1186/s13148-018-
0513-0

16. Zhao J, Goldberg J, Vaccarino V. Promoter methylation of serotonin
transporter gene is associated with obesity measures: a monozygotic twin
study. Int J Obes. (2013) 37:140–5. doi: 10.1038/ijo.2012.8

17. Lillycrop KA, Garratt ES, Titcombe P, Melton PE, Murray RJS, Barton
SJ, et al. Differential SLC6A4 methylation: a predictive epigenetic marker
of adiposity from birth to adulthood. Int J Obes. (2019) 43:974–
88. doi: 10.1038/s41366-018-0254-3

Frontiers in Psychiatry | www.frontiersin.org 12 July 2021 | Volume 12 | Article 696827

https://www.frontiersin.org/articles/10.3389/fpsyt.2021.696827/full#supplementary-material
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/obesity/data/adult.html
https://minorityhealth.hhs.gov/omh/browse.aspx?lvl=4&lvlid=70
https://doi.org/10.1001/jamapediatrics.2014.21
https://doi.org/10.1001/jama.2016.6361
https://www.migrationpolicy.org/article/frequently-requested-statistics-immigrants-and-immigration-united-states-2020
https://www.migrationpolicy.org/article/frequently-requested-statistics-immigrants-and-immigration-united-states-2020
https://www.migrationpolicy.org/article/frequently-requested-statistics-immigrants-and-immigration-united-states-2020
https://doi.org/10.1037/a0015109
https://doi.org/10.1002/jcop.20221
https://doi.org/10.1097/00004583-199609000-00016
https://doi.org/10.1016/S0277-9536(03)00072-8
https://doi.org/10.1080/13557850902890209
https://doi.org/10.1016/j.socscimed.2012.03.013
https://doi.org/10.1016/j.bbi.2020.02.012
https://doi.org/10.1093/aje/kwq463
https://doi.org/10.1186/s13148-018-0513-0
https://doi.org/10.1038/ijo.2012.8
https://doi.org/10.1038/s41366-018-0254-3
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Clausing and Non Epigenetics—A Mechanism of Embodiment

18. Krieger N. Embodiment: a conceptual glossary for epidemiology. J Epidemiol

Commun Health. (2005) 59:350–5. doi: 10.1136/jech.2004.024562
19. Dunn EC, Soare TW, Zhu Y, Simpkin AJ, Suderman MJ, Klengel T, et al.

Sensitive periods for the effect of childhood adversity on DNA methylation:
results from a prospective, longitudinal study. Biol Psychiatry. (2019) 85:838–
49. doi: 10.1016/j.biopsych.2018.12.023

20. Segal NL, Montoya YS, Loke YJ, Craig JM. Identical twins doubly exchanged
at birth: a case report of genetic and environmental influences on the adult
epigenome. Epigenomics. (2017) 9:5–12. doi: 10.2217/epi-2016-0104

21. Czyz W, Morahan JM, Ebers GC, Ramagopalan SV. Genetic, environmental
and stochastic factors in monozygotic twin discordance with a focus on
epigenetic differences. BMCMed. (2012) 10:93. doi: 10.1186/1741-7015-10-93

22. Braga DL, Mousovich-Neto F, Tonon-Da-Silva G, Salgueiro WG, Mori
MA. Epigenetic changes during ageing and their underlying mechanisms.
Biogerontology. (2020) 21:423–43. doi: 10.1007/s10522-020-09874-y

23. Topart C, Werner E, Arimondo PB. Wandering along the epigenetic timeline.
Clin Epigenetics. (2020) 12:97. doi: 10.1186/s13148-020-00893-7

24. Wang Y, Karlsson R, Lampa E, Zhang Q, Hedman ÅK, Almgren
M, et al. Epigenetic influences on aging: a longitudinal genome-wide
methylation study in old Swedish twins. Epigenetics. (2018) 13:975–
87. doi: 10.1080/15592294.2018.1526028

25. Goosby BJ, Heidbrink C. The transgenerational consequences of
discrimination on African-American health outcomes. Sociol Compass.

(2013) 7:630–43. doi: 10.1111/soc4.12054
26. Geronimus AT, Hicken M, Keene D, Bound J. “Weathering” and age patterns

of allostatic load scores among blacks and whites in the United States. Am J

Public Health. (2006) 96:826–33. doi: 10.2105/AJPH.2004.060749
27. Kuzawa CW, Sweet E. Epigenetics and the embodiment of race:

developmental origins of US racial disparities in cardiovascular health.
Am J Hum Biol. (2009) 21:2–15. doi: 10.1002/ajhb.20822

28. Fox M, Entringer S, Buss C, Dehaene J, Wadhwa PD. Intergenerational
transmission of the effects of acculturation on health in Hispanic Americans:
a fetal programming perspective. Am J Public Health. (2015) 105(Suppl.
3):S409–23. doi: 10.2105/AJPH.2015.302571

29. Non AL. Social epigenomics: are we at an impasse? Epigenomics.

(2021). doi: 10.2217/epi-2020-0136. [Epub ahead of print].
30. Zannas AS, Arloth J, Carrillo-Roa T, Iurato S, Röh S, Ressler KJ, et

al. Lifetime stress accelerates epigenetic aging in an urban, African
American cohort: relevance of glucocorticoid signaling. Genome Biol. (2015)
16:266. doi: 10.1186/s13059-015-0828-5

31. Zannas AS, Jia M, Hafner K, Baumert J, Wiechmann T, Pape JC, et al.
Epigenetic upregulation of FKBP5 by aging and stress contributes to NF-κB–
driven inflammation and cardiovascular risk. Proc Natl Acad Sci USA. (2019)
116:11370–9. doi: 10.1073/pnas.1816847116

32. Bennett AJ, Lesch KP, Heils A, Long JC, Lorenz JG, Shoaf SE,
et al. Early experience and serotonin transporter gene variation
interact to influence primate CNS function. Mol Psychiatry. (2002)
7:118–22. doi: 10.1038/sj.mp.4000949

33. Parade SH, Huffhines L, Daniels TE, Stroud LR, Nugent NR, Tyrka AR.
A systematic review of childhood maltreatment and DNA methylation:
candidate gene and epigenome-wide approaches. Transl Psychiatry. (2021)
11:134. doi: 10.1038/s41398-021-01207-y

34. Zannas AS, Binder EB. Gene-environment interactions at the FKBP5 locus:
sensitive periods, mechanisms and pleiotropism. Genes Brain Behav. (2014)
13:25–37. doi: 10.1111/gbb.12104

35. Kertes DA, KaminHS,Hughes DA, RodneyNC, Bhatt S,Mulligan CJ. Prenatal
maternal stress predicts methylation of genes regulating the hypothalamic-
pituitary-adrenocortical system in mothers and newborns in the Democratic
Republic of Congo. Child Dev. (2016) 87:61–72. doi: 10.1111/cdev.12487

36. Klengel T, Mehta D, Anacker C, Rex-Haffner M, Pruessner JC, Pariante CM,
et al. Allele-specific FKBP5 DNA demethylation mediates gene-childhood
trauma interactions. Nat Neurosci. (2013) 16:33–41. doi: 10.1038/nn.3275

37. Yehuda R, Daskalakis NP, Bierer LM, Bader HN, Klengel T, Holsboer
F, et al. Holocaust exposure induced intergenerational effects on FKBP5
methylation. Biol Psychiatry. (2016) 80:372–80. doi: 10.1016/j.biopsych.2015.
08.005

38. Non AL, Hollister BM, Humphreys KL, Childebayeva A, Esteves K, Zeanah
CH, et al. DNA methylation at stress-related genes is associated with

exposure to early life institutionalization.Am J Phys Anthropol. (2016) 161:84–
93. doi: 10.1002/ajpa.23010

39. Miller O, Shakespeare-Finch J, Bruenig D, Mehta D. DNA methylation
of NR3C1 and FKBP5 is associated with posttraumatic stress disorder,
posttraumatic growth, and resilience. Psychol Trauma Theory Res Prac Policy.

(2020) 12:750–5. doi: 10.1037/tra0000574
40. Harms MB, Birn R, Provencal N, Wiechmann T, Binder EB, Giakas SW, et

al. Early life stress, FK506 binding protein 5 gene (FKBP5) methylation, and
inhibition-related prefrontal function: a prospective longitudinal study. Dev
Psychopathol. (2017) 29:1895–903. doi: 10.1017/S095457941700147X

41. Bustamante AC, Aiello AE, Guffanti G, Galea S, Wildman DE,
Uddin M. FKBP5 DNA methylation does not mediate the association
between childhood maltreatment and depression symptom severity
in the Detroit Neighborhood Health Study. J Psychiatric Res. (2018)
96:39–48. doi: 10.1016/j.jpsychires.2017.09.016

42. Klinger-König J, Hertel J, Van Der Auwera S, Frenzel S, Pfeiffer L,
Waldenberger M, et al. Methylation of the FKBP5 gene in association
with FKBP5 genotypes, childhood maltreatment and depression.
Neuropsychopharmacology. (2019) 44:930–8. doi: 10.1038/s41386-019-0319-6

43. Farrell C, Doolin K, N OL, Jairaj C, Roddy D, Tozzi L, et al. DNA
methylation differences at the glucocorticoid receptor gene in depression
are related to functional alterations in hypothalamic-pituitary-adrenal axis
activity and to early life emotional abuse. Psychiatry Res. (2018) 265:341–
8. doi: 10.1016/j.psychres.2018.04.064

44. Jans LA, Riedel WJ, Markus CR, Blokland A. Serotonergic vulnerability
and depression: assumptions, experimental evidence and implications. Mol

Psychiatry. (2007) 12:522–43. doi: 10.1038/sj.mp.4001920
45. Karg K, Burmeister M, Shedden K, Sen S. The serotonin transporter

promoter variant (5-HTTLPR), stress, and depression meta-analysis revisited:
evidence of genetic moderation. Arch Gen Psychiatry. (2011) 68:444–
54. doi: 10.1001/archgenpsychiatry.2010.189

46. Bogdan R, Agrawal A, Gaffrey MS, Tillman R, Luby JL. Serotonin
transporter-linked polymorphic region (5-HTTLPR) genotype and stressful
life events interact to predict preschool-onset depression: a replication
and developmental extension. J Child Psychol Psychiatry. (2014) 55:448–
57. doi: 10.1111/jcpp.12142

47. Beach SRH, Brody GH, Todorov AA, Gunter TD, Philibert RA. Methylation
at SLC6A4 is linked to family history of child abuse: an examination of the
Iowa Adoptee sample. Am J Med Genet Part B Neuropsychiatric Genet. (2010)
153b:710–3. doi: 10.1002/ajmg.b.31028

48. Beach SR, Brody GH, Todorov AA, Gunter TD, Philibert RA. Methylation at
5HTT mediates the impact of child sex abuse on women’s antisocial behavior:
an examination of the Iowa adoptee sample. Psychosomatic Med. (2011)
73:83–7. doi: 10.1097/PSY.0b013e3181fdd074

49. Booij L, Szyf M, Carballedo A, Frey EM, Morris D, Dymov S, et al.
DNA methylation of the serotonin transporter gene in peripheral
cells and stress-related changes in hippocampal volume: a study
in depressed patients and healthy controls. PLoS ONE. (2015)
10:e0119061. doi: 10.1371/journal.pone.0119061

50. Kang HJ, Kim JM, Stewart R, Kim SY, Bae KY, Kim SW, et al. Association
of SLC6A4 methylation with early adversity, characteristics and outcomes in
depression. Progress Neuro-Psychopharmacol Biol Psychiatry. (2013) 44:23–
8. doi: 10.1016/j.pnpbp.2013.01.006

51. Devlin AM, Brain U, Austin J, Oberlander TF. Prenatal exposure
to maternal depressed mood and the MTHFR C677T variant
affect SLC6A4 methylation in infants at birth. PLoS ONE. (2010)
5:e12201. doi: 10.1371/journal.pone.0012201

52. Santos HP, Jr Nephew BC, Bhattacharya A, Tan X, Smith L, Alyamani
RaS, et al. Discrimination exposure and DNA methylation of stress-
related genes in Latina mothers. Psychoneuroendocrinology. (2018) 98:131–
8. doi: 10.1016/j.psyneuen.2018.08.014

53. Clausing ES, Binder AM, Non AL. Epigenetic age associates with psychosocial
stress and resilience in children of Latinx immigrants. Epigenomics.

(2021). doi: 10.2217/epi-2019-0343. [Epub ahead of print].
54. Non AL, Leon-Perez G, Glass H, Kelly E, Garrison NA. Stress

across generations: a qualitative study of stress, coping, and
caregiving among Mexican immigrant mothers. Ethn Health. (2019)
24:378–94. doi: 10.1080/13557858.2017.1346184

Frontiers in Psychiatry | www.frontiersin.org 13 July 2021 | Volume 12 | Article 696827

https://doi.org/10.1136/jech.2004.024562
https://doi.org/10.1016/j.biopsych.2018.12.023
https://doi.org/10.2217/epi-2016-0104
https://doi.org/10.1186/1741-7015-10-93
https://doi.org/10.1007/s10522-020-09874-y
https://doi.org/10.1186/s13148-020-00893-7
https://doi.org/10.1080/15592294.2018.1526028
https://doi.org/10.1111/soc4.12054
https://doi.org/10.2105/AJPH.2004.060749
https://doi.org/10.1002/ajhb.20822
https://doi.org/10.2105/AJPH.2015.302571
https://doi.org/10.2217/epi-2020-0136
https://doi.org/10.1186/s13059-015-0828-5
https://doi.org/10.1073/pnas.1816847116
https://doi.org/10.1038/sj.mp.4000949
https://doi.org/10.1038/s41398-021-01207-y
https://doi.org/10.1111/gbb.12104
https://doi.org/10.1111/cdev.12487
https://doi.org/10.1038/nn.3275
https://doi.org/10.1016/j.biopsych.2015.08.005
https://doi.org/10.1002/ajpa.23010
https://doi.org/10.1037/tra0000574
https://doi.org/10.1017/S095457941700147X
https://doi.org/10.1016/j.jpsychires.2017.09.016
https://doi.org/10.1038/s41386-019-0319-6
https://doi.org/10.1016/j.psychres.2018.04.064
https://doi.org/10.1038/sj.mp.4001920
https://doi.org/10.1001/archgenpsychiatry.2010.189
https://doi.org/10.1111/jcpp.12142
https://doi.org/10.1002/ajmg.b.31028
https://doi.org/10.1097/PSY.0b013e3181fdd074
https://doi.org/10.1371/journal.pone.0119061
https://doi.org/10.1016/j.pnpbp.2013.01.006
https://doi.org/10.1371/journal.pone.0012201
https://doi.org/10.1016/j.psyneuen.2018.08.014
https://doi.org/10.2217/epi-2019-0343
https://doi.org/10.1080/13557858.2017.1346184
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Clausing and Non Epigenetics—A Mechanism of Embodiment

55. Williams DR, Yan Y, Jackson JS, Anderson NB. Racial differences in physical
and mental health: socio-economic status, stress and discrimination. J Health
Psychol. (1997) 2:335–51. doi: 10.1177/135910539700200305

56. Krieger N, Smith K, Naishadham D, Hartman C, Barbeau EM. Experiences
of discrimination: validity and reliability of a self-report measure for
population health research on racism and health. Soc Sci Med. (2005) 61:1576–
96. doi: 10.1016/j.socscimed.2005.03.006

57. Berkman LF, Syme SL. Social networks, host resistance, and mortality: a nine-
year follow-up study of Alameda County residents. Am J Epidemiol. (1979)
109:186–204. doi: 10.1093/oxfordjournals.aje.a112674

58. Carver CS, Scheier MF, Segerstrom SC. Optimism. Clin Psychol Rev. (2010)
30:879–89. doi: 10.1016/j.cpr.2010.01.006

59. Pan TM, Mills SD, Fox RS, Baik SH, Harry KM, Roesch SC, et al. The
psychometric properties of English and Spanish versions of the life orientation
test-revised in hispanic Americans. J Psychopathol Behav Assessment. (2017)
39:657–68. doi: 10.1007/s10862-017-9606-x

60. Ey S, HadleyW, Allen DN, Palmer S, Klosky J, Deptula D, et al. A newmeasure
of children’s optimism and pessimism: the youth life orientation test. J Child
Psychol Psychiatry. (2005) 46:548–58. doi: 10.1111/j.1469-7610.2004.00372.x

61. Garza JR, Glenn BA, Mistry RS, Ponce NA, Zimmerman FJ. Subjective social
status and self-reported health among US-born and immigrant latinos. J
Immigr Minor Health. (2017) 19:108–19. doi: 10.1007/s10903-016-0346-x

62. Adler NE, Boyce T, Chesney MA, Cohen S, Folkman S, Kahn RL, et al.
Socioeconomic status and health. The challenge of the gradient. Am Psychol.

(1994) 49:15–24. doi: 10.1037/0003-066X.49.1.15
63. Ostrove JM, Adler NE, Kuppermann M, Washington AE. Objective and

subjective assessments of socioeconomic status and their relationship to self-
rated health in an ethnically diverse sample of pregnant women. Health
Psychol. (2000) 19:613–8. doi: 10.1037/0278-6133.19.6.613

64. Ellison J, Jandorf L, Duhamel K. Assessment of the Short Acculturation Scale
for Hispanics (SASH) among low-income, immigrant Hispanics. J Cancer
Educ. (2011) 26:478–83. doi: 10.1007/s13187-011-0233-z

65. Binder EB, Bradley RG, Liu W, Epstein MP, Deveau TC, Mercer KB, et
al. Association of FKBP5 polymorphisms and childhood abuse with risk of
posttraumatic stress disorder symptoms in adults. JAMA. (2008) 299:1291–
305. doi: 10.1001/jama.299.11.1291

66. Provençal N, Suderman MJ, Guillemin C, Massart R, Ruggiero A, Wang
D, et al. The signature of maternal rearing in the methylome in rhesus
macaque prefrontal cortex and T cells. J Neurosci. (2012) 32:15626–
42. doi: 10.1523/JNEUROSCI.1470-12.2012

67. Kaur G, Begum R, Thota S, Batra S. A systematic review of
smoking-related epigenetic alterations. Arch Toxicol. (2019)
93:2715–40. doi: 10.1007/s00204-019-02562-y

68. Baltrus PT, Shim RS, Ye J,Watson L, Davis SK. Socioeconomic position, stress,
and cortisol in relation to waist circumference in African American and white
women. EthnDis. (2010) 20:376–82. Retrieved from: https://www.ethndis.org/
edonline/index.php/ethndis

69. Tate EB, Wood W, Liao Y, Dunton GF. Do stressed mothers have heavier
children? A meta-analysis on the relationship between maternal stress and
child body mass index. Obesity Rev. (2015) 16:351–61. doi: 10.1111/obr.
12262

70. Howard S, Creaven A-M, Hughes BM, O’leary ÉD, James JE. Perceived
social support predicts lower cardiovascular reactivity to stress in older
adults. Biol Psychol. (2017) 125:70–5. doi: 10.1016/j.biopsycho.2017.
02.006

71. Serlachius AS, Scratch SE, Northam EA, Frydenberg E, Lee KJ, Cameron
FJ. A randomized controlled trial of cognitive behaviour therapy to improve
glycaemic control and psychosocial wellbeing in adolescents with type 1
diabetes. J Health Psychol. (2014) 21:1157–69. doi: 10.1177/135910531454
7940

72. Delavari M, Sønderlund AL, Swinburn B, Mellor D, Renzaho A.
Acculturation and obesity among migrant populations in high
income countries – a systematic review. BMC Public Health. (2013)
13:458. doi: 10.1186/1471-2458-13-458

73. Kumanyika SK, Whitt-Glover MC, Haire-Joshu D. What works for obesity
prevention and treatment in black Americans? Research directions. Obes Rev.
(2014) 15(Suppl. 4):204–12. doi: 10.1111/obr.12213

74. Björntorp P. The associations between obesity, adipose tissue
distribution and disease. Acta Med Scand Supplement. (1988)
723:121–34. doi: 10.1111/j.0954-6820.1987.tb05935.x

75. Björntorp P. Abdominal fat distribution and disease: an
overview of epidemiological data. Ann Med. (1992) 24:15–
8. doi: 10.3109/07853899209164140

76. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass
index explains obesity-related health risk. Am J Clin Nutr. (2004) 79:379–
84. doi: 10.1093/ajcn/79.3.379

77. Frodl T, Szyf M, Carballedo A, Ly V, Dymov S, Vaisheva F, et al. DNA
methylation of the serotonin transporter gene (SLC6A4) is associated with
brain function involved in processing emotional stimuli. J Psychiatry Neurosci.
(2015) 40:296–305. doi: 10.1503/jpn.140180

78. Moyer AM, Walker DL, Avula R, Lapid MI, Kung S, Bryant SC, et al.
Relationship of genetic variation in the serotonin transporter gene (SLC6A4)
and congenital and acquired cardiovascular diseases. Genetic Test Mol

Biomark. (2015) 19:115–23. doi: 10.1089/gtmb.2014.0250
79. Non AL, Roman JC, Clausing ES, Gilman SE, Loucks EB, Buka SL,

et al. Optimism and social support predict healthier adult behaviors
despite socially disadvantaged childhoods. Int J Behav Med. (2020) 27:200–
12. doi: 10.1007/s12529-020-09849-w

80. Needham BL, Smith JA, Zhao W, Wang X, Mukherjee B, Kardia SL, et al.
Life course socioeconomic status and DNA methylation in genes related to
stress reactivity and inflammation: the multi-ethnic study of atherosclerosis.
Epigenetics. (2015) 10:958–69. doi: 10.1080/15592294.2015.1085139

81. Drabe M, Rullmann M, Luthardt J, Boettcher Y, Regenthal R, Ploetz T, et
al. Serotonin transporter gene promoter methylation status correlates with
in vivo prefrontal 5-HTT availability and reward function in human obesity.
Transl Psychiatry. (2017) 7:e1167. doi: 10.1038/tp.2017.133

82. Olukotun O, Mkandawire-Valhmu L. Lessons learned from
the recruitment of undocumented African immigrant women
for a qualitative study. Int J Qualitative Methods. (2020)
19:1609406920904575. doi: 10.1177/1609406920904575

83. Eknoyan G. Adolphe Quetelet (1796–1874)—the average man and indices of
obesity. Nephrol Dialysis Transpl. (2007) 23:47–51. doi: 10.1093/ndt/gfm517

84. Mcgregor K, Bernatsky S, Colmegna I, Hudson M, Pastinen T,
Labbe A, et al. An evaluation of methods correcting for cell-type
heterogeneity in DNA methylation studies. Genome Biol. (2016)
17:84. doi: 10.1186/s13059-016-0935-y

85. Huang Y, Pastor WA, Shen Y, Tahiliani M, Liu DR, Rao A. The behaviour
of 5-hydroxymethylcytosine in bisulfite sequencing. PLoS ONE. (2010)
5:e8888. doi: 10.1371/journal.pone.0008888

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Clausing and Non. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 14 July 2021 | Volume 12 | Article 696827

https://doi.org/10.1177/135910539700200305
https://doi.org/10.1016/j.socscimed.2005.03.006
https://doi.org/10.1093/oxfordjournals.aje.a112674
https://doi.org/10.1016/j.cpr.2010.01.006
https://doi.org/10.1007/s10862-017-9606-x
https://doi.org/10.1111/j.1469-7610.2004.00372.x
https://doi.org/10.1007/s10903-016-0346-x
https://doi.org/10.1037/0003-066X.49.1.15
https://doi.org/10.1037/0278-6133.19.6.613
https://doi.org/10.1007/s13187-011-0233-z
https://doi.org/10.1001/jama.299.11.1291
https://doi.org/10.1523/JNEUROSCI.1470-12.2012
https://doi.org/10.1007/s00204-019-02562-y
https://www.ethndis.org/edonline/index.php/ethndis
https://www.ethndis.org/edonline/index.php/ethndis
https://doi.org/10.1111/obr.12262
https://doi.org/10.1016/j.biopsycho.2017.02.006
https://doi.org/10.1177/1359105314547940
https://doi.org/10.1186/1471-2458-13-458
https://doi.org/10.1111/obr.12213
https://doi.org/10.1111/j.0954-6820.1987.tb05935.x
https://doi.org/10.3109/07853899209164140
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.1503/jpn.140180
https://doi.org/10.1089/gtmb.2014.0250
https://doi.org/10.1007/s12529-020-09849-w
https://doi.org/10.1080/15592294.2015.1085139
https://doi.org/10.1038/tp.2017.133
https://doi.org/10.1177/1609406920904575
https://doi.org/10.1093/ndt/gfm517
https://doi.org/10.1186/s13059-016-0935-y
https://doi.org/10.1371/journal.pone.0008888
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Epigenetics as a Mechanism of Developmental Embodiment of Stress, Resilience, and Cardiometabolic Risk Across Generations of Latinx Immigrant Families
	Introduction
	Study Purpose and Hypotheses

	Materials and Methods
	Study Population
	Exposures: Psychosocial Stressors and Resilience Factors
	Psychosocial Stressors
	Resilience Measures

	Outcomes: Cardiometabolic Biomarkers and DNA Methylation
	Cardiometabolic Biomarkers
	DNA Methylation

	Covariates
	Data Analyses

	Results
	Demographics
	Population Characteristics
	Stress and Resilience Levels

	Correlations Among All Study Variables
	Associations Between Stressors and Cardiometabolic Markers
	Associations Between Stress/Resilience and FKBP5 Methylation
	Associations Between Stress/Resilience and SLC6A4 Methylation
	Associations Between Methylation and Cardiometabolic Markers
	Secondary Analyses: Cross-Generational and Longitudinal Analyses
	Comparing Methylation Across Generations: Mothers vs. Children
	Longitudinal Analyses


	Discussion
	Embodiment via Cardiometabolic Risk Measures
	Embodiment via Epigenetics
	Longitudinal Trends
	Limitations and Strengths

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


