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Abstract

Identifying the mechanisms linking early experiences, genetic risk factors, and their interaction with later health consequences is central to
the development of preventive interventions and identifying potential boundary conditions for their efficacy. In the current investigation of
412 African American adolescents followed across a 20-year period, we examined change in body mass index (BMI) across adolescence as
one possible mechanism linking childhood adversity and adult health. We found associations of childhood adversity with objective indi-
cators of young adult health, including a cardiometabolic risk index, a methylomic aging index, and a count of chronic health conditions.
Childhood adversities were associated with objective indicators indirectly through their association with gains in BMI across adolescence
and early adulthood. We also found evidence of an association of genetic risk with weight gain across adolescence and young adult health,
as well as genetic moderation of childhood adversity’s effect on gains in BMI, resulting in moderated mediation. These patterns indicated
that genetic risk moderated the indirect pathways from childhood adversity to young adult health outcomes and childhood adversity
moderated the indirect pathways from genetic risk to young adult health outcomes through effects on weight gain during adolescence

and early adulthood.
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African Americans are at increased risk for early onset of a range
of chronic illnesses (Bellatore, Finch, Do, Bird, & Beck, 2011;
Nuru-Jeter, Thorpe, & Fuller-Thompson, 2011; Simons et al.,
2018), leading to increased levels of morbidity and mortality
across the life span. Although there are many likely contributing
causes to these disparities, one potential source is increased expo-
sure to a range of adversities during childhood. Two qualitative
reviews of the links between adult health outcomes and childhood
adversity concluded that childhood adversities are robustly associ-
ated with later adult health and are likely causal in their impact
(Miller, Chen, & Parker, 2011; Shonkoff, Boyce, & McEwen,
2009), leading to calls for enhanced policy initiatives to reduce
toxic stress during childhood as a means to reduce health dispar-
ities (Shonkoff & Bales, 2011; Shonkoff et al., 2012) and focusing
attention on exposure to childhood adversity as a factor that
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contributes to elevated levels of chronic health problems among
young adult African Americans, including increased risk for obe-
sity (e.g., Wall et al,, 2019).

Elevated obesity also has the potential to influence health out-
comes and explain health disparities. Obesity predicts earlier
onset of various facets of cardiometabolic disease, including ele-
vated blood pressure, type 2 diabetes mellitus, and coronary
heart disease (e.g., Carey et al., 1997; Chan, Rimm, Colditz,
Stampfer, & Willett, 1994; Eckel, Kahn, Robertson, & Rizza,
2006; Li et al, 2006, 2010; Manson et al., 1990; Rimm et al,
1995). In addition, obesity that begins at earlier points in the
life course appears to have more adverse effects (e.g,
Thompson, Edelsbery, Colditz, Bird, & Oster, 1999; Visscher &
Siedell, 2001), suggesting the importance of developmental tim-
ing. At the same time, because obesity has an even stronger effect
on the development of chronic illnesses than on mortality
(Visscher & Siedell, 2001), obesity is also associated with an
increased number of years spent “unhealthy.” That is, overweight
individuals develop disabilities at a younger age and experience
reduced quality of life over a longer period of time relative to
those who are not overweight (Felson et al.,, 1997; Lean, Han, &
Seidell, 1998; Rissanen et al., 1990). These patterns have particular
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relevance for African American youth, who show elevated levels
of obesity relative to non-Hispanic Whites at every age (Ogden,
Carroll, Kit, & Flegal, 2014). During adolescence and early adult-
hood, a substantial number of African American youth show
increases in body mass index (BMI) that place them at risk for
negative health outcomes (Chen, Yu, Miller, & Brody, 2018),
potentially contributing to premature death (Hoyert & Xu,
2012; Mozaffarian et al, 2016; Olshansky et al, 2005) and
increased health care costs (Lutz, Sanderson, & Scherbov, 2008).
Accordingly, elevated weight gain, particularly that emerging in
adolescence and young adulthood, has the potential to be a mech-
anism linking adversity to health disparities among African
Americans.

Finally, genetic risk for obesity is an important risk factor in
developmental models of adult health outcomes (cf. Sankar
et al., 2004) and has been increasingly studied, resulting in genetic
risk indices suitable for use among African American samples
(Domingue et al., 2014; Monda et al., 2013). By including genetic
risk in developmental models, we can rule out genetic risk as a
potential source of spuriousness in the association between child-
hood adversity and health outcomes, and also better test a series
of competing models to describe the interplay between genetic
risk and childhood adversity in the prediction of young adult
health outcomes. Of particular interest is the possibility that
genetic risk may accentuate the impact of childhood adversity
on obesity (or vice versa), and whether genetic risk serves as an
additive factor in developmental models of etiology.

We propose a model integrating effects of childhood adversity,
changes in obesity across adolescence, and genetic predisposition
for obesity on adult health. Specifically, we hypothesize childhood
adversity affects adult health indirectly through its effects on
weight gain across adolescence, with these indirect effects more
likely for those with elevated genetic risk for obesity. We review
the empirical support for the components of this model below,
noting that change in BMI across adolescence and young adult-
hood is temporally well situated to explain the connection between
early adversity (i.e., adversity occurring before age 10) and young
adult indices of health (ie., at age 29). Adding plausibility to the
proposed model, a number of the adversities associated with
later increased health problems also have been found to confer
risk of elevated BMI. Because of complexities in the literature,
we also review research on our choice of genetic risk index and
briefly review the objective health indicators we use as dependent
variables. Finally, we present the full theoretical model to be tested.

Multiple Aspects of Adversity Are Important

There are a number of types of potential adversity in the early
social environment of children that appear to be important in
understanding and predicting later adult morbidity and elevated
risk for chronic illness in adulthood. Exposure to chronic stress,
relative deprivation, lower socioeconomic position, and family-
related adversities early in development have been associated
with elevated HbAlc, elevated glucose, and high blood pressure
in adulthood (e.g., Elgar, Xie, Pfortner, White, & Pickett, 2016;
Gouin, Glaser, Malarkey, Beversdorf, & Kiecolt-Glaser, 2012) as
well as with indicators of allostatic load (Solis et al., 2015;
Turner, Thomas, & Brown, 2016). Likewise, exposure to child-
hood maltreatment is associated with the development of a
range of cardiometabolic problems in adulthood, even after con-
trolling for sociodemographic and later adult health risk behaviors
(Basu, McLaughlin, Misra, & Koenen, 2017; but see also Turner
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et al,, 2016). Accordingly, a number of different childhood adver-
sities appear to be relevant to the prediction of poorer adult health
(Wickrama, Lee, & O’Neal, 2015).

Paralleling the literature on the role of childhood adversities in
predicting elevated risk for chronic illness and poor health, there
is an emerging literature indicating that exposure to a broad range
of childhood adversities is also associated with increased risk for
obesity (e.g., Wall et al,, 2019). For example, Bjorntorp (2001) and
Garasky, Stewart, Gundersen, Lohman, and Eisenmann (2009)
found that early adversities related to family problems, such as
exposure to abusive family interactions, were predictive of over-
weight in children and adolescents, and a comprehensive meta-
analytic review of 41 studies by Danese and Tan (2014) found a
relationship between childhood maltreatment and obesity that
was robust to definitions of abuse and socioeconomic status
(SES)-related covariates or current health behaviors. Similarly,
more general disruptions in early family structure, repeated hous-
ing changes, and changes in household composition that resulted
in overall family instability were also predictive of obesity
(Bjorntorp, 2001; Garasky et al., 2009). Further, childhood adver-
sities originating outside the family but related to chronic fear,
such as those produced by exposure to experiences of childhood
or adolescent bullying (Baldwin et al., 2016; Gini & Pozzoli,
2009), or experiences of discrimination (e.g., Stepanikova et al.,
2017) also convey increased risk for obesity. Accordingly, the
broad array of childhood adversities associated with later poor
health in adulthood likely overlap with the range of adversities
predictive of elevated obesity.

SES and the Interconnected Nature of Adversity

Two broad concerns confront most efforts to identify an associa-
tion between childhood adversity and obesity or later adult health.
One concern is that the childhood adversities typically found to be
associated with adult obesity and negative adult health outcomes
are likely to be associated with childhood poverty and childhood
SES, and so may be a reflection of childhood SES rather than a con-
tribution of adversity that goes beyond the effects of childhood SES.
Because childhood SES has been linked to poorer cardiometabolic
and other health outcomes for both men and women, even after
controlling for adult SES (Cohen, Janicki-Deverts, Chen, &
Matthews, 2010; Kittleson et al., 2006; Tamayo, Chrinstian, &
Rathmann, 2010), confounding of childhood adversity with child-
hood SES effects may muddy the examination of unique effects of
childhood adversity. In addition, because of racial disparities in
wealth and education, SES effects are relevant to understanding
health disparities, with African Americans more likely than
non-Hispanic Whites to suffer the stresses associated with low SES.

Several lines of research suggest that there are effects of child-
hood adversity that go beyond those of childhood and adult SES.
Findings related to discrimination, bullying, and family stability
indicate associations with health among African Americans
that are additive to SES effects (e.g., Phelan & Link, 2005).
Geronimus (1992), in particular, has argued that exposure to
chronic adversities, including chronic discrimination and margin-
alization, may lead to health consequences for African Americans,
finding evidence that African Americans have higher scores than
Whites on cardiometabolic biomarkers even after controlling for
SES (Geronimus, Bound, Keene, & Hicken, 2006; Geronimus,
Hicken, Keene, & Bound, 2006). Similarly, Duru, Harawa,
Kermah, and Norris (2012) found higher mortality among
African Americans even after controlling SES and health
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behavior. Neighborhood factors also have been found to contrib-
ute to biomarkers beyond the effect of SES (Bellatorre et al., 2011;
Simons et al., 2018).

A second broad challenge in the examination of childhood
adversity effects on obesity and adult health is the large number
of different types of adversities that have been implicated, as well
as their tendency to co-occur (Dong et al., 2004; Felitti et al,
1998; Kessler et al,, 2010; Radford, Corral, Bradley, & Fisher,
2013; Slopen et al., 2010). As noted above, the lists of adversities
purported to influence health and obesity are broad, including
adversities arising inside the family, within the community, within
school settings, and those reflective of broader social adversity; and
adversities appear to accumulate to predict adult obesity and health
outcomes (Dong et al., 2004). These findings suggest that an overly
narrow examination of sources of adversity may underestimate
effects on obesity and health, and so it is necessary to utilize an
index of adversity to capture the range of childhood adversities
contributing to risk. At the same time, it should be noted that com-
bining adversity types into a single measure limits more nuanced
conclusions about the impact of specific types of adversity that
are often useful in deriving implications for intervention.

Measurement of Childhood Adversity via Retrospective
Report

A separate concern in the examination of the association between
childhood adversity and adult health is methodological in nature:
retrospective measurement of childhood adversity potentially
introduces a range of measurement-related concerns having to
do with the introduction of potential recall biases. As a conse-
quence, there has been considerable discussion regarding the reli-
ability and validity of retrospective reports to capture exposure to
adversity (e.g., Brewin, Andrews, & Gotlib, 1993; Hardt & Rutter,
2004), concluding that it is important to avoid recalled adversities
that require subjective judgments, and noting the potential prob-
lem of underreporting of adversity. In a meta-analytic examina-
tion of 16 studies, Baldwin, Reuben, Newbury, and Danese
(2019) computed agreement between prospective and retrospec-
tive report of childhood maltreatment, finding that overall the
agreement across studies was significant, but poor, with better
agreement when retrospective reports of childhood maltreatment
were the result of interviews rather than questionnaires, with little
effect of age at the time of the report or the sex composition of the
sample. Likewise, recent work by Reuben et al. (2016) found that
both prospective and retrospective reports of childhood adversity
were linked to adult health outcomes and that agreement was
stronger for events that required little interpretation, such as the
loss of a parent, but was minimal for those requiring the applica-
tion of subjective criteria such as whether one experienced emo-
tional abuse. An implication of this body of work is that
retrospective indices of childhood adversity may be more readily
interpretable to the extent they focus on relatively objective facets
of adversity and exclude those, like emotional abuse, that require
greater subjective interpretation. In addition, although data pro-
vided in an interview format may be more consistent with pro-
spective reports, it is likely that prospective and retrospective
reports identify somewhat different “at-risk” groups.

Prior research also suggests that compared to prospective mea-
sures, retrospective reports may underestimate the impact of
adversity on objective, non-self-report health outcomes but may
overestimate effects on subjective health indicators (e.g., Osborn
& Widom, 2019; Reuben et al, 2016). It is also possible that
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associations with subjective health outcomes are inflated by strong
associations between recalled childhood adversity and concurrent
depression (Gee & Casey, 2015; Reuben et al., 2016) or other
behavioral risk factors at the time of the report that influence
recall. Because depressive symptoms and other factors may be
associated with changes in the recollection of events (Hitchcock,
Rees, & Dalgleish, 2017; Hitchcock et al., 2019), and with a ten-
dency toward less specific and negatively overgeneralized recall
of personal history (Hitchcock, Nixon, & Weber, 2014; Sumner,
Griffith, & Mineka, 2010; van Vreeswijk & de Wilde, 2004;
Williams et al., 2007), controlling the impact of depressive symp-
toms measured at the time of recall should help reduce potential
recall bias. Accordingly, to provide conservative estimates of the
association between childhood adversity and later adult health,
excluding effects due to depression and other potential confounds
at the time of recall, we will focus on objective indicators of adult
health as outcomes and control for the impact of concurrent
depressive symptoms on recalled adversity (Reuben et al., 2016).

Stability and Change in BMI

Higher BMI in childhood is an important predictor of chronic
adult obesity and associated health outcomes (Belsky et al.,
2012; Katzmarzyk, Pérusse, Malina, & Bouchard, 1999). At the
same time, there can be substantial increases in BMI across ado-
lescence and into early adulthood for African American youth
(Chen et al,, 2018; Kimm et al., 2002), supporting the view that
change in BMI across adolescence, perhaps related to childhood
experiences, may be an important risk factor in the development
of adult obesity and obesity-related health problems. Further sup-
porting this hypothesis, Zhang et al. (2019) found that the asso-
ciation between adult obesity and weight gain occurring in
adolescence was particularly strong. Thus, to the extent that ele-
vated levels of child adversity are associated with increased gain
in BMI across adolescence and early adulthood, it could confer
substantial indirect effects on eventual adult obesity and health.

Examining the Role of Genetic Risk

Models examining the impact of childhood adversities on obesity
or health have not typically considered the potential role of genetic
risk. This omission would have little impact on tests of the associ-
ation between childhood adversity and later obesity if genetic risk
had only a minor influence on obesity or only exerted additive
effects on obesity and health outcomes. However, the high herita-
bility inferred from twin studies (Silventoinen et al., 2017) and the
observed effects when genetic risk is measured (Belsky et al., 2012;
El-Sayed & Froguel, 2013) suggest that genetic risk has the poten-
tial to play a substantial role in the development of obesity.
Across 40 twin cohorts, Silventoinen et al. (2017) found evi-
dence of strong genetic influence on BMI, especially in early
adulthood, with the degree of genetic influence decreasing in
older samples. Likewise, in a diverse sample, Belsky et al. (2012)
found that higher genetic risk was associated with higher BMI
at a younger age as well as with chronic obesity in adulthood,
with earlier obesity accounting for much of the increased risk
for later adult obesity. Underexamined to date is whether they
are interaction effects involving genetic risk. Given a genetic
risk index for obesity that is valid for the population and outcome
of interest, it is possible to examine the effect of genetic risk on
obesity and health, and then examine whether psychosocial vari-
ables, such as childhood adversity, amplify these effects. Similarly,
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given an adversity index that is appropriate for the population and
outcome of interest, we can examine the effect of childhood
adversity on obesity and health, and then examine whether effects
are amplified among those with greater genetic risk for obesity. To
address these questions in the current investigation, we examine
genetically moderated indirect effects of childhood adversity on
objective adult markers of poor health or risk for chronic illness.
We also examine similar models testing adversity-moderated indi-
rect effects of genotype on young adult outcomes.

Which genetic markers have been validated?

Genome-wide association studies (GWAS) studies have identified a
number of potential single-nucleotide polymorphisms (SNPs) that
are associated with increased risk for obesity (El-Sayed & Froguel,
2013). Such markers have been found to be associated with greater
increase in weight earlier in life, accounting for their association
with later adult BMI (Belsky et al., 2012). However, because most
SNPs have small effects when considered individually, it is neces-
sary to aggregate them as a composite genetic index to provide suf-
ficient signal to probe etiology and to examine their moderating
effect on potential environmental contributors, such as adverse
childhood events. This is particularly true in the context of longi-
tudinal studies that typically do not have sufficient power to exam-
ine effects of individual genes (Dudbridge, 2013; Plomin, Haworth,
& Davis, 2009; Speliotes et al., 2010).

Complicating studies of genetic risk in African American sam-
ples, GWAS-derived genetic indices using White samples may not
always work as well, or in exactly the same way, when used for
prediction in African American samples (cf. Belsky, Moffitt,
Sugden, et al., 2013; Domingue et al., 2014; Monda et al., 2013).
Problems in cross-ethnic use of genetic risk scores arise because
GWAS-identified SNPs are usually not “causal” variants, but
only proxies that are correlated with the true causal variants.
Because patterns of linkage disequilibrium often vary across racial
and ethnic groups (Price et al., 2006), a SNP that is in linkage dis-
equilibrium and so provides a good marker for a causal variant in
a European American sample may not be in linkage disequili-
brium for African Americans. In that case, the SNP that worked
well for a European American sample would not be a good risk
marker for African Americans. This problem is further com-
pounded when, as often happens, a SNP needs to be replaced
because the original SNP is not available for the new sample. In
addition, causal variants that are not present for samples with
European ancestry but that are present in other racial or ethnic
groups create potential problems generalizing from samples
with European ancestry to other groups (Wojcik et al., 2019).

Researchers have only recently begun the important task of
expanding polygenetic risk score development to include African
American and other non-European samples (Khoury, Gwinn,
Bowen, & Dotson, 2012). For the current research, we use an
eight-locus, BMI-associated index identified in a meta-analysis of
individuals of African ancestry (Monda et al., 2013), and
subsequently replicated (Domingue et al., 2014), to characterize
genetic risk for obesity among African Americans. Nonetheless,
it cannot be assumed that this index captures all relevant genetic
influences on BMI among African Americans.

Which pattern of gene-outcome effects?

Following Belsky, Moffit, and Caspi (2013), we examine evidence
for three broad models of association linking genetic factors in
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combination with childhood adversity to the prediction of weight
gain across adolescence and early adulthood beyond the contribu-
tion of SES and potential confounders: additive effects, correlated
effects (rGE), and moderated effects (G x E). These alternative
models are of particular interest with regard to designing preven-
tive intervention, and also of interest in the context of better char-
acterizing the impact of adversity.

Support for an additive-effect model would suggest separate
processes that can be considered in relative isolation. An rGE effect
would reflect genotypic influence on experience or recall of child-
hood adversity, such as might occur if there was a genotypic effect
on the salience of adverse events either at the time they occurred or
in memory. If such effects resulted in an rGE effect, this would be
important, and would suggest possible mediation of genetic effects
or else a confounding of gene and childhood adversity effects on
health outcomes, potentially obviating the need for examination
of G x E effects. Significant G x E effects on BMI in young adult-
hood or change across adolescence could reflect genotypic effects
that vary depending on level of childhood adversity, suggesting
potential sources of resilience and vulnerability processes that
moderate genetic risk. Conversely, G x E effects could reflect sig-
nificant childhood adversity effects that vary depending on level
of genotypic risk. Both additive and interactive models suggest
the value of increased attention to the prevention of childhood
adversity and its indirect effects on health outcomes through
changes in obesity. Unique to interaction models that suggest
diathesis-stress is the suggestion that some part of the population
is resilient, either to childhood adversity’s impact on obesity and
its later health effects or to genetic risk effects on obesity and its
later health effects. In either case, a significant GXE effect
would help focus future research on mechanisms compatible
with the genetic risk factors identified by the GxE effect.
Because the presence of *GE may confound tests for G x E inter-
action, we examine simple correlations to identify any rGE corre-
lations prior to any examination of G x E effects.

Choosing objective indicators of health and early onset of
diseases of aging

Because objective indicators of health are less susceptible to arti-
factual association with retrospective recall of childhood adversity
(Reuben et al., 2016), we identified three objective indicators of
poor health in early adulthood. First, we obtained participants’
reports of physician-diagnosed common chronic illnesses (Lei,
Beach, & Simons, 2018; Simons et al., 2017). Second, we examined
an index of cardiometabolic health that captures elevated levels of
glycosolated hemogoblin as well as elevated blood pressure and
elevated adult obesity. To ensure that identified patterns were
robust, we also examined the cardiometabolic health index with-
out including adult BMI. Third, we selected a recently developed
methylomic index of phenotypic aging specifically designed to
capture risk for the development of problematic biomarkers of
poor health and early onset of chronic illness, DNAm
PhenoAge (Levine et al, 2018). Each outcome is described in
detail in the Method section.

Hypothesized Model Linking Childhood Adversity to Young
Adult Health

The basic theoretical model emerging from our review of the lit-
erature is presented in Figure 1. The model highlights the poten-
tial effects of childhood adversity and genetic risk and their
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Figure 1. Theoretical model showing the effect of childhood adversity (CA) and genetic risk for obesity (GRSO) on change in body mass index (ABMI) across ado-
lescence, with the effect of CA amplified for those at greater genetic risk, resulting in moderated mediation of indirect pathways from CA to objective indicators of
young adult health (age 29) net of effects due to childhood socioeconomic status, adult socioeconomic status, and adult depression, as well as adult health behav-

iors, and variation in DNAm due to cell type variation (not shown in figure).

potential interaction on change in BMI, controlling for effects
attributable to childhood SES as well as depressive symptoms,
attained adult SES and adult health behaviors at the time of
recalled adversity (not shown). The model further highlights the
potential effect of change in BMI on objective health indicators.
By controlling for obesity that has already developed in childhood
(i.e., BMI at the baseline assessment), the model isolates the effect
of childhood adversity and genetic risk on weight gain across ado-
lescence and young adulthood, identifying the extent to which
they have an impact on weight gain occurring after the experience
of adversity (Kittleson et al., 2006; Miller et al., 2011) and before
the young adult health outcomes of interest.

The model suggests that childhood adversity has the potential
to influence gains in BMI across adolescence, after controlling for
the effect of BMI already attained by late childhood. In addition,
the hypothesized model suggests that childhood adversity should
predict change in BMI across adolescence and young adulthood
net of effects attributable to genetic predisposition to obesity.
In addition, if the conditional effects proposed in Figure 1 are
supported, we should also observe moderated mediation.
Specifically, individuals higher in genetic propensity for obesity
should show stronger indirect effects of childhood adversity on
later objective indictors of adult poor health through BMI relative
to those with lower genetic propensity. Similarly, the model sug-
gests stronger indirect effects of genetic risk on later objective
indicators of adult poor health for those with elevated childhood
adversity relative to those with less childhood adversity.

We test the following specific hypotheses:

1. A. A retrospective index reflecting multiple domains of child-
hood adversity will be associated with change in BMI (ABMI)
across adolescence and early adulthood.

B. A genetic risk index will be associated with ABMI across
adolescence and early adulthood.

C. ABMI across adolescence and early adulthood will be asso-
ciated with increased risk for objective indicators of poor adult
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health, including methylomic and cardiometabolic indicators,
as well as physician-diagnosed chronic illness.

2. Childhood adversity and genetic risk will both be associated
with ABMI across adolescence and early adulthood after the
introduction of controls for childhood SES, and both will be
indirectly associated with objective indicators of health
through ABML

3. There will be an interaction of genetic risk and childhood
adversity resulting in greater ABMI for those at greater genetic
risk and also elevated childhood adversity, with the interaction
taking the form of a diathesis-stress effect.

4. A. There will be significant moderated mediation of pathways
to objective health outcomes, such that those at higher genetic
risk for obesity will show significantly enhanced indirect effects
of childhood adversity on objective indicators of poor adult
health through their effect on weight gain across adolescence
and young adulthood relative to those with lower genetic risk.
B. Similarly, those that with greater childhood adversity will
show significantly enhanced indirect effects of genetic risk
on objective indicators of poor adult health through effects
on increased weight gain across adolescence and young adult-
hood relative to those with lower childhood adversity.

Method
Participants

We tested all hypotheses using data from the Family and
Community Health Study sample (Beach et al., 2017) derived
from a longitudinal study initiated in 1997 with a sampling strat-
egy designed to generate families representing a range of SES and
neighborhood settings in Iowa and Georgia. The protocol and all
study procedures were approved by the University of Georgia
Institutional Review Board. At baseline (1997-1998), the Family
and Community Health Study sample consisted of 889 African
American fifth-grade children. Their mean age was 10.56 years
(SD=0.63; range 9-13). At that time, the average family per
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capita income reported by children’s primary caregivers was
$6,956, with 36% of the families below the poverty line and
51% of the respondents self-identified as single parents. Data
used in the current study was also collected in 1999-2000,
2004-2005, 2007-2008, and 2015-2016, when the participants
in the current study were, on average, aged 12.48, 18.72, 21.49,
and 28.67, respectively. In the 2015-2016 data collection, we
also included blood draws allowing genetic analyses, as well as
objective indicators of health. Of the 889 targets interviewed at
baseline, 779 were reinterviewed in 1999-2000; 714 in 2004-
2005; 687 in 2007-2008. The 2015-2016 data collection included
blood draws, resulting in the inclusion only of those members of
the sample residing in Georgia, Iowa, or a contiguous state who
could be visited at home by phlebotomists. After also excluding
persons who were deceased, incarcerated, or otherwise unreach-
able, we were left with a potential pool of 556 individuals, 470
of whom (182 men and 288 women) provided blood. Of these,
412 (88%) were successfully assayed and comprise the sample
for the current analyses. In the current study, analyses are based
on the 412 respondents (160 men and 252 women) who provided
blood samples at age 29 and for whom objective health indicators
could be computed. Comparisons of this subsample with those
who were not included in the analysis did not reveal any signifi-
cant differences with regard to major study variables or covariates
(e.g., sex, education, income, family poverty, single-parent family,
healthy diet, and exercise; table available in online-only supple-
mental materials: Supplemental Table S.1).

Procedure

African American university students and community members
served as field researchers to collect data. Prior to data collection,
all field researchers received 1 month of training in the administra-
tion of the interview to increase validity and enhance rapport and
cultural understanding. The interview was administered in the
respondent’s home and took on average about 2 hr to complete.
Primary caregivers were interviewed concurrently with youth.
Some of the instruments administered in later waves (after 2008)
included questions regarding illegal or potentially embarrassing
sexual activities. Hence, in an effort to further enhance anonymity,
we used audio-enhanced, computer-assisted, self-administered
interviews. Using this procedure, the respondent sat in front of a
computer and responded to questions as they were presented visu-
ally on the screen, and also auditorily, via earphones. Data on BMI
was collected at baseline as well as for the 1999-2001, 2005-2007,
2008-2009, and 2015-2016 data collections. In 2015-2016, data
collection included blood draws allowing genetic analyses, as
well as objective indicators of health. After blood was drawn, it
was shipped via courier to a laboratory at the University of Iowa
to allow assessment of Hemoglobin Alc (HbA1C), a marker of ele-
vated blood sugar, as well as assessment of methylation patterns as
described below. Biometric assessment of BMI and blood pressure
was also conducted at this wave, as was assessment of childhood
adversity and other variables detailed below. Mean age was 28.67
years (SD = 0.80; range: 27-31) at the time of the blood draw.

Measures

Childhood adversity (CA)

CA was assessed retrospectively at age 29 (during the 2015-2016
data collection) using a 23-item questionnaire created for the cur-
rent investigation that included questions about family physical
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abuse and neglect as well as sexual abuse, along with other poten-
tial sources of adversity, such as family instability, neighborhood
safety, being bullied at school, and racial discrimination. The
instrument asked respondents to report (1 = yes, 0 =no) whether
they experienced each specific adversity before the age of 10
years (e.g., prior to age 10, would you say ... I was punished
with a belt, a board, a cord, or some other hard object; People in
my family hit me so hard that it left me with bruises or marks;
Someone in my family tried to touch me in a sexual way, or
tried to make me touch them; There was a lot of violence in my
neighborhood; I was sometimes bullied at school; The number of
adults in your home shifted; Family or close friends were treated
unfairly just because of their race or ethnic background?).
Coefficient o for this scale was .78. The scale did not assess
emotional abuse or emotional neglect. All items and item-total cor-
relations are listed in the online-only supplemental materials
(Table S.2).

Childhood and young adult BMI

At ages 10 and 12 youth height and weight were reported to the
interviewer. At age 19, 22, and 29, the respondents’ height and
weight were measured at the time of the home visit. At all ages,
the Centers for Disease Control calculator (https://www.cdc.gov/
healthyweight/bmi/calculator.html) was used to calculate BMI
as weight in kilograms divided by the square of height in meters.
Mean BMI at age 10 was M =21.6 (SD = 5.96); at age 12 M =23.6
(SD=5.98); at age 18 M =26.9 (SD=6.58); at age 22 M =289
(SD=8.37). We used regressed change to capture the difference
between BMI in childhood (ages 10 and 12; M =22.6, SD=
5.44) and mean BMI in young adulthood (ages 19 and 22; M =
27.8, SD = 7.33), that is, ABMIL

Cardiometabolic risk (CR)

CR was assessed by combining three biomarkers measured at age
29. First, each person’s BMI score at age 29 was calculated as
weight in kilograms divided by the square of height in meters,
with mean BMI at age 29 of 31.36 (SD = 8.30). Second, resting
diastolic and systolic blood pressure (BP) was monitored with
Dinamap Pro 100 while the participants sat reading quietly.
Three readings were taken, one every 2 min, and the average of
the last two readings was used as the resting index. Mean arterial
BP (MAP) was calculated according to the following formula:
([systolic BP] + [2 x diastolic BP])/3. Mean MAP in the current
sample was 93.37 (SD=11.63). Third, HbAlc was assessed at
the University of Iowa using antecubital serum samples drawn
by certified phlebotomists. HbAlc provides an indication of aver-
age blood glucose concentrations over the preceding 2 to 3
months. Mean HbAlc was 5.32 (SD=0.76), with 2.2% of the
sample having HbAlc above 6.5, the cutoff for type II diabetes
(the International Expert Committee). Given that these three bio-
markers are characterized by a skewed distribution, we applied a
log transformation to normalize the distribution. Cardiovascular
disease risk was calculated by summing the standardized log-
transformed scores of BMI, MAP, and HbAlc. Models involving
CR were also rerun excluding age 29 BMI from the composite to
ensure that results were not dependent on the BMI component of
the cardiometabolic risk index.

Methylomic index of accelerated phenotypic aging (DNAm
PhenoAge)

DNA methylation was
HumanMethylation EPIC

assessed using the Illumina
array, under contract by the
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University of Minnesota Genome Center, and using the protocol
specified by the manufacturer. This provided genome-wide DNA
methylation characterization of whole blood drawn at age 29 and
allowed us to calculate methylomic phenotypic aging using the
epigenetic index recently developed by Levine et al. (2018;
DNAm PhenoAge), as well as calculate cell-type correction fac-
tors. The DNAm PhenoAge index produces a score based on
an individual’s methylation pattern that is designed to capture
morbidity and mortality risk. To control for variability in target
age, we regressed the methylomic risk index score on chronolog-
ical age and used the residual. In addition, because cell-type dis-
tribution is correlated with observed methylation patterns, we
controlled for cell-type variation when the methylomic risk
index was the dependent variable using a procedure to character-
ize cell-type variation across individuals described by Horvath
(2013). Controlling cell-type variation yields index values rela-
tively free of influences from cell-type variation and so represents
“intrinsic” phenotypic aging. Positive values indicate accelerated
phenotypic aging and elevated risk for morbidity and mortality,
and negative values indicate decelerated phenotypic aging. It
should be noted that controls for cell-type variation are only
approximations and do not entirely rule out effects due to specific
cell types.

We focus on DNAm PhenoAge, rather than earlier “epigenetic
clocks” such as those proposed by Horvath (2013) and Hannum
et al. (2013), because DNAm PhenoAge was designed to over-
come some limitations of the first generation of measures.
Unfortunately, acceleration of the earlier epigenetic clocks was
not found to be consistently related to cardiovascular disease or
early onset of chronic illness (Jyhava, Pedersen, & Hagg, 2017).
Further complicating use of the initially proposed clocks, the
newer EPIC 850 Beadchip, widely used for measurement of meth-
ylation patterns, omitted several of the methylation sites used in
earlier arrays. In response, a new epigenetic measure of accelerated
phenotypic aging (DNAm PhenoAge) was developed (Horvath &
Raj, 2018; Levine et al., 2018) using both age and clinical mea-
sures so that it would better predict individual differences in life
span and health span. The index is based upon 513 CpG sites
that reflect several known aging pathways (Horvath & Raj,
2018; Levine et al.,, 2018). Accordingly, it provides an objective
marker of elevated risk for early onset morbidity and chronic
illness.

Chronic illness count

Self-reported chronic illness was measured at age 29. Respondents
were asked, “Have you even been diagnosed with any of the fol-
lowing health illnesses?” The list of health problems consisted
of seven illnesses and an “other” category: coronary heart disease,
hypertension, diabetes, peptic ulcer, kidney disease, liver disease,
thyroid disease, and other disease. For each illness, “no” was
coded as 0 and “yes” was coded as 1. Items were summed to
form an index of chronic illness that ranged from 0 to 8. The
mean score for this variable was 0.22 (SD =0.52), with roughly
18.7% of the sample reporting that they had at least one diagnosed
chronic disease.

Genetic risk score for obesity (GRSO) index

A weighted genetic risk score based on genotyping at age 29 was
calculated for each participant based on the eight BMI-associated
SNPs identified by Monda et al. (2013) for individuals of African
ancestry, and subsequently replicated (Domingue et al., 2014).
The eight SNPs included were located on eight different genes
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(rs543874 on SEC16B; rs6545800 on ADCY3; rs348495 on
GNPDA2; rs7708584 on GALNT10; rs974417 on KLHL32;
rs10261878 on MIR148A-NFE2L3; rs17817964 on FTO; and
rs6567160 on MC4R). The weighted risk score weights the num-
ber of risk alleles present at each SNP (0,1,2) by its corresponding
effect size estimated using the original association study (Monda
et al,, 2013). The current investigation used the Illumina Infinium
Multi-Ethnic Global beadchip to genotype participants. Out of
the eight BMI-associated SNPs previously identified by Monda
et al. (2013), seven were present on our genotyping platform.
For the one SNP (rs7586879) that was absent, we used a proxy
SNP, rs6545800, which is in complete linkage disequilibrium
with the target SNP (r* = 1 in the 1000 Genomes Project YRI pop-
ulation). Among the eight SNPs used in our analysis, only three
had any missing data; two SNPs (rs348495 and rs7708584) had
missing data for one individual (i.e, missing rate=0.22%),
while one SNP was missing for four individuals (missing rate =
0.88%). In terms of sample-level missing rate, out of 449 partici-
pants with genetic data, only 6 had missing data at one of the
eight SNPs. For individuals with any missing genetic data, we cal-
culated a pro-rated genetic risk score by dividing the calculated
genetic risk score by the number of SNPs with available calls
and multiplying by the total number of SNPs in the score.
Accordingly, no participants were excluded solely due to missing
genetic data. The eight SNPs used in this analysis are described in
Supplemental Table S.3, which provides their frequencies,
weights, and their individual correlations with childhood obesity,
young adult obesity, ABMI, and childhood adversity in the cur-
rent sample. All SNPs were found to be in Hardy-Weinberg
equilibrium.

Depressive symptoms at age 29

Age 29 depression was assessed using the nine-item Composite
International Diagnostic Interview (Kessler et al., 1994) measure
of depressive symptoms. Respondents were asked to report (0=
no; 1=yes) whether they experienced symptoms of depression
(e.g., “felt sad, empty, or depressed most of the day” and “lost
interest in things”) for at least a 2-week period in the past year.
All respondents were asked all nine items, and items were
summed to create a measure of depressive symptoms. Cronbach
o for the scale was .86. Depressive symptoms at age 29 are con-
trolled for CA and all age 29 outcomes, controlling potential
effects of recall bias.

Childhood SES

To examine the potential effect of early SES risk on BMI and
objective indicators of health, we examined SES risk at age 10.
Caregiver reports across six indicators were used to create our
measure of socioeconomic risk. Risk indicators were (a) family
poverty, defined as being below the poverty level, taking into
account both family income and number of family members;
(b) primary caregiver noncompletion of high school or an equiv-
alent; (c) primary caregiver unemployment; (d) single-parent
family structure; (e) family receipt of Temporary Assistance for
Needy Families; and (f) income rated by the primary caregiver
as not adequate to meet all needs. Each indicator was scored
dichotomously (0 if absent, 1 if present). SES risk was defined
as the number of SES-related indicators, summing items to
form an index with a theoretical range of 0 to 6 (M=1.84,
SD = 1.54), with larger numbers indicating greater SES risk (ie.,
lower SES). Childhood SES effects are controlled for ABMI and


https://doi.org/10.1017/S0954579420000061

810

all age 29 outcomes isolating the impact of CA on outcomes and
mediational pathways.

Other covariates

To account for plausible rival explanations of adult health out-
comes, we controlled for several additional covariates at age 29.
Specifically, all analyses statistically controlled for participants’
annual income at age 29 and educational level at age 29, to control
for potential effects of adult SES on health outcomes (see
Cockerham, Hamby, & Oates, 2017; Minkler, Fuller-Thompson,
& Guralnik, 2006). Similarly, all analyses controlled for sex (1=
male), and health behaviors assessed at age 29 (including sub-
stance use, diet, and exercise) to control for factors in adulthood
that might influence health outcomes (Beach et al., 2015; Mills
et al., 2019; Rezende, Rodrigues Lopes, Rey-Lopez, Matsudo, &
Luiz, 2014; Schwingshackl & Hoffmann, 2015). Items assessing
level of substance use at age 29 included alcohol consumption
(“How many alcoholic drinks have you consumed during the
past month?”), cigarette use (“How many cigarettes have you
smoked in the last 3 months?”), and marijuana use (“How
many times have you used marijuana during the past month?”).
Items were standardized and summed to create the substance
use index. Healthy diet at age 29 was assessed using two items
that asked about frequency of fruit and vegetable consumption
during the previous 7 days. Responses ranged from 1 (none) to
6 (more than once every day) and were averaged to form the
healthy diet variable. Exercise at age 29 was measured with two
items (e.g., “On how many of the past 7 days did you exercise
or participate in physical activity for at least 30 min that made
you breathe hard such as running or riding a bicycle hard?”).
The response categories ranged from 1 (0 days) to 5 (all 7
days). Scores on the two items were averaged to form the exercise
variable.

Analytic plan

After examining zero-order correlations along with means and
standard deviations for all primary study variables, we examined
proposed indirect effects from both CA and genetic risk using
path modeling in Mplus (Version 8; Muthen & Muthen, 2017).
Mean weight during late childhood (ages 10-12) was used as a
covariate in the analyses to allow examination of the effect of
childhood adversity and genetic risk on change in young adult
BMI (i.e., ABMI). In turn, indirect effects on objective indicators
of adult health outcomes through ABMI were examined. To char-
acterize goodness-of-fit of each model, we report the standardized
root mean square residual (good fit SRMR < .05) and the compar-
ative fit index (good fit CFI >.90) along with chi-square and
degrees of freedom. When direct effects between stages of the
model were significant, indirect effects for independent variable
and dependent variable combinations are presented in tabular
form along with the 95% confidence interval (CI) estimated
using bias-corrected and accelerated bootstrapping with 1,000
resamples.

We also examined the interaction of genetic risk and child-
hood adversity in predicting ABMI. After presenting the analysis
of moderation in multiple regression format, controlling child-
hood SES, we explicated significant interaction effects graphically.
To provide comprehensive characterization of interactions, we
plotted effects with both childhood adversity and the genetic
risk index on the x-axis, showing effects from IV to ABMI with
confidence intervals around the regression lines for those high

https://doi.org/10.1017/50954579420000061 Published online by Cambridge University Press

S. R. H. Beach et al.

versus low on the moderating variable. We then examined mod-
erated mediation in a final Mplus model and present a table of
conditional indirect effects. Using Hayes’s (2015) index of moder-
ated mediation, we also examined the significance of mediated
moderation for each indirect pathway. Finally, we tested for any
differences between the models for female and male participants
using the multiple group analysis option in Mplus.

As described earlier, to account for measures that could pro-
vide plausible rival explanations, all analyses of mediation statisti-
cally controlled for health-behavior covariates reported at age 29,
adult SES indicators (education and income), and adult depressive
symptoms. Sex and childhood SES at Wave 1 were also controlled
in all analyses.

Results

H1: Correlation of childhood adversity, genetic risk, objective
health indicators in young adulthood, and ABMI|

Table 1 presents means, standard deviations, and intercorrelations
for childhood adversity, genetic risk, objective health indicators at
age 29, as well as demographic and control variables (all correla-
tions based on N =412). As shown, there were significant correla-
tions of childhood adversity with depression (r=.35, p=.000),
ABMI (r = .18, p=.000) and objective health indicators of cardio-
metabolic risk (r=.17, p=.001), and chronic illness (r=.10,
p=.043), but not with DNAm PhenoAge (r=.08, ns). In addi-
tion, depression was related to chronic illness (r=.17, p=.001),
cardiometabolic risk (r=10, p=.036), ABMI (r=.13, p=.011),
sex (r=-.15, p=.003), and substance use (r=.18, p=.000). The
index of genetic risk for obesity (GRSO) was significantly corre-
lated with both DNAm PhenoAge (r=.13, p=.013) and ABMI
(r=.15, p=.003), but not with chronic illness, cardiometabolic
risk, or childhood SES risk. In addition, there was no significant
correlation between GRSO and childhood adversity, providing no
evidence of an rGE in which elevated genetic risk led to increased
exposure to childhood adversity (or increased recall of adversity),
nor was GRSO significantly associated with depression or SES in
childhood or adulthood. All control variables showed significant
or marginal associations with other variables in the full model, sug-
gesting the value of retaining them as controls in the analyses.

H2: Association of childhood adversity and genetic risk with
ABMI and indirect associations with objective indicators of
health through ABMI

As shown in Figure 2, controlling for gender and childhood SES,
childhood adversity continued to be significantly and positively
associated with ABMI (B =.16, p=.001). In addition, ABMI was
significantly associated with each of the objective indicators of
adult health, including intrinsic DNAm PhenoAge (B=.15,
p =.002), cardiometabolic health (B = .54, p =.000), and diagnoses
of chronic ailments by a physician at age 29 (B=.15, p=.001).
These results indicate that the hypothesized associations were
robust to covariates and potential confounds. The indirect effects
model showed good fit to the data, with CFI=.911 and SRMR=
029; x% =75.653, df = 34, p=.0001.

Because the cardiometabolic index included BMI at age 29,
potentially inflating effect estimates, we also examined the associ-
ation of ABMI with the cardiometabolic index excluding BMI
(i.e., considering only blood pressure and HbAlc). The reduced
index of cardiometabolic risk was also significantly associated


https://doi.org/10.1017/S0954579420000061

ssald Ausiaaun aBpuguied Ag auluo paysiiand 1900000Z76/57560S//L0L°01L/610°10p//:sdny

Table 1. Correlations, means, and standard deviations for main predictors (childhood adversity and genetic risk for obesity), mediator ABMI, primary objective health outcomes (chronic illness, cardiometabolic risk,
DNAm PhenoAge), and covariates (childhood SES, depression at age 29, gender, substance use, healthy diet, exercise, education at age 29, income age 29) (N =412)

AbojoyipdoysAs4 pup juswdojanag

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1. Chronic illness —
2. Cardiometabolic risk .38** —
3. DNAm PhenoAge .081 A7 —
4. ABMI .18 54** .18** —
5. Childhood adversity .10* A7 .08 .18** —
6. Genetic risk for adversity .08 .01 13* .15** .07 —
7. Depression age 29 .16* .10* .06 13 .35% .02 —
8. Gender (Male=1) -.02 .01 -.09t -.14* -.05 .00 -.15** =
9. Education age 29 .05 .02 -.091 .04 .07 .00 -.02 -.05 —
10. Childhood SES age 10 .08 .07 .01 .02 .09t -.04 .03 -.08 -22** —
11. Substance use age 29 .02 -.01 -.01 .00 .26™ .07 .18** .08t -.02 -.02 —
12. Healthy diet age 29 -.01 -.02 .01 .06 .08 13 .00 -17** A7 -.01 -.02 —
13. Exercise age 29 -.07 -.10* -.11* -.02 .10* .01 -.04 A7 12 -.07 12 19* —
14. Income age 29 -.15** .00 -.08 .02 .15%* -.03 -.07 11 .30** -.15** .04 .03 .15%* —
Mean 0.27 -0.01 -0.05 0.04 3.46 0.27 1.84 0.38 13.10 1.84 0.01 6.67 4.97 442.46
SD .58 2.06 5.33 5.94 3.10 .08 2.32 48 1.75 1.54 71 243 2.29 337.07

tp <.10. *p <.05. **p < .01 (two-tailed tests).
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Figure 2. The unconditional indirect effects model showing the association of childhood adversity with chronic illness, cardiometabolic risk, and DNAm PhenoAge
through change in body mass index. Chi-square=75.653, df=34, p=.0001; CFl=.911; SRMR= .029. Values are standardized parameter estimates, and standard
errors are in parentheses. Depression at age 29 is controlled for in CA and age 29 health outcomes, controlling potential recall bias; gender and childhood socio-
economic status at age 10 are controlled for in ABMI and age 29 outcomes, isolating CA effects; education at age 29, substance use at age 29, healthy diet at age 29,
exercise at age 29, and income at age 29 are controlled for in all age 29 health outcomes to control alternative influences on health; and cell types are controlled for
DNAm PhenoAge to yield intrinsic PhenoAge. Control variable effects are not shown in the figure. DNAm PhenoAge is residualized on chronological age and so

represents age acceleration. **p <.01. *p <.05 (two-tailed tests), n=412.

with ABMI (B=.31, p=.000), and showed the same pattern of
results as the full cardiometabolic risk variable. Results using
the reduced cardiometabolic risk index can be seen in online-only
supplemental Figure S.1.

Indirect effects of CA on adult objective indicators of health
through ABMI are presented in Table 2. As expected, the signifi-
cant associations of CA with ABMI and of ABMI with objective
outcomes (DNAm PhenoAge, cardiometabolic risk, and chronic
illness) resulted in significant indirect effects of childhood adver-
sity on health outcomes via ABMI, estimated using bootstrapping
with 1,000 replications. Each pathway was significant, with none of
the 95% confidence intervals containing “0”: DNAm PhenoAge,
IE =.025, 95% CI [.009, .059]; cardiometabolic health, IE =.089,
95% CI [.038, .140]; chronic diseases of aging, IE =.026, 95% CI
[.010, .056]. Similarly, there was a significant indirect effect from
childhood adversity to cardiometabolic health even when BMI at
age 29 was excluded from the cardiometabolic health index: cardi-
ometabolic health, IE =.051, 95% CI [.024, .090].

The indirect effect of GRSO on outcomes via ABMI are also
shown in Table 2, controlling for gender, diet, exercise, substance
use, and adult markers of attained SES (i.e., education level and
income at age 29), as well as depression at age 29 and childhood
SES. Each of the indirect pathways was significant: DNAm
PhenoAge, IE = .21, 95% CI [.007, .050]; cardiometabolic health,
IE=.075, 95% CI [.030, .123]; chronic diseases of aging, IE
=.022, 95% CI [.006, .046]. Similarly, there was a significant indi-
rect effect from GRSO to cardiometabolic health even when BMI
at age 29 was excluded from the index: cardiometabolic health, IE
=.043, 95% CI [.018, .074].

H3: The interaction of genetic risk with CA predicting ABMI

As noted above, there was not a significant correlation between
GRSO and CA, suggesting an absence of rGE. In addition, there
was no significant correlation between CA and childhood BMI
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Table 2. Unconditional indirect effects to objective indicators of young adult
health from childhood adversity (CA) and genetic risk score for obesity
(GRSO) through ABMI

Paths Effect 95% Cl p
Effects from CA to Outcome
CA — ABMI — Chronic illness .026* [.010, .056] .026
CA — ABMI — Cardiometabolic risk .089** [.038, .140] .000
CA — ABMI — DNAm PhenoAge .025* [.009, .059] .036
Effects from GRSO to Outcome
GRSO — ABMI — Chronic illness .022* [.006, .046] .030
GRSO — ABMI — Cardiometabolic risk .075** [.030, .123] .001
GRSO — ABMI — DNAm PhenoAge .021* [.007, .050] .035

Note: Cl = confidence interval. BMI = body mass index. Diagnostic VIF scores for all variables
were below 10, ranging from 1.08 to 1.52, indicating no evidence of multicollinearity among
the study variables. **p <.01; *p <.05 (two-tailed tests), n=412.

or between GRSO and childhood BMI, suggesting that effects
on BMI emerged after childhood. Accordingly, we proceeded to
examine the possibility that CA and GRSO might interact to pre-
dict ABMI (i.e., that there might be a G x E effect). As shown in
Table 3, Model 1, there was support for the additive main effects
model with a significant effect for CA, f=.164, p =.001, 95% CI
[.073, .258], and a significant effect for GRSO, B =.137, p =.002,
95% CI [.053, .224], even after accounting for effects attributable
to covariates. In Model 2, we show that the interaction of CA and
GRSO also accounted for significant additional variance in ABMI,
B=.167, p=.014, 95% CI [.023, .292].

To better characterize the shape of the interaction effect, we
plotted and compared the simple slopes for the association of
CA with ABMI at +1 and - 1 SD of GRSO. The effect of CA
on ABMI among those with low genetic risk was weak and non-
significant (b =0.085, ns). Conversely, the effect of CA on ABMI
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Table 3. Regression analysis showing the association of childhood adversity, genetic risk, and their interaction with ABMI
ABMI
Model 1 B [95% Cl] Model 2 B [95% ClI]
Main effect
Childhood adversity .164** [.073, .258] .150** [.063, .241]
GRSO 137 [.053, .224] .014 [-.112, .157]
Two-way interaction
Childhood Adversity x GRSO 167 [.023, .292]
Control variables
Gender —.128** [-.209, —.038] —.122* [-.201, —.030]
Childhood socioeconomic status —.004 [-.096, .079] .004 [-.086, .087]
Depression at age 29 .345** [-.233, .434] .345** [.233, .434]
Constant —.070 [-.267, .131] —.076 [-.275, .128]

Note: Cl = confidence interval. BMI = body mass index. GRSO = genetic risk score for obesity. **p <.01. *p <.05 (two-tailed tests); n=412.

Change in BMI

Childhood Adversity

——— 85% Confidence Interval
—&—— 15D above the mean on weighted genetic risk GRSO: b = 487"
===#=-== 15D below the mean on weighted genetic risk GRSO: b = 085

Change in BMI

Mean =0 18D

-18D

-25D
Genetic Risk Score for Obesity
b——1 95% Confidence Interval
——=&—— 1 5D above the mean on childhood adversity : b = 1.403*
==—#--- 1 8D below the mean on childhood adversity : b = 155

Figure 3. Joint effect of (a) childhood adversity and (b) weighted genetic risk score for obesity (GRSO) on ABMI for those 1 SD above versus 1 SD below the mean on

the genetic risk index.

among those high in genetic risk was strong and significant
(b=0.487, p=.000). In addition, the 95% ClIs around the slopes
do not overlap for those scoring above the mean on childhood
adversity (i.e., those scoring 4 or greater on CA). As shown in
Figure 3b, when the interaction is plotted differently, with CA
as the moderator of the impact of GRSO on ABMI, the pattern
of effects is similar. The effect of GRSO on ABMI among those
low on childhood adversity is nonsignificant (b =0.155, ns) but
the slope among those high on childhood adversity is strong
and significant (b=1.403, p=.000). In addition, the 95% CIs
around the slopes do not overlap for those scoring above the
mean on GRSO.

H4: Significant moderated mediation of pathways to objective
health outcomes

In Figure 4 we display the full model, showing the moderated
impact of childhood adversity on ABMI, and significant indirect
effects on all outcomes. The full model provided a good fit to
the observed data, with CFI=.904; SRMR =.029; x> = 83.656,
df =38, p =.0000.
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Given results in Figure 2 showing significant mediation of the
effect of childhood adversity on all outcomes through ABMI, the
results shown in Figure 3 indicating significant moderation, and
the good fit of the model in Figure 4, we directly tested the con-
ditional indirect effects from independent variables to the three
objective indicators of adult health outcomes. The conditional
indirect results of CA and GRSO on health outcomes are pre-
sented in Table 4, showing that CA has a significant indirect effect
on each objective health outcome through ABMI when GRSO is
elevated, but a nonsignificant effect among individuals with low
GRSO. Similarly, GRSO has a significant indirect effect on each
objective health outcome through ABMI when CA is elevated
but a nonsignificant effect among those with low CA. Further,
as shown in Table 5, this pattern results in a significant coefficient
of moderated mediation (Hayes, 2015) for each health outcome,
showing that indirect pathways from childhood adversity are
moderated significantly by GRSO and that indirect pathways
from GRSO are moderated significantly by CA. Follow-up tests
to examine potential sex differences in indirect pathways from
childhood adversity to outcomes showed no significant sex
differences.
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Figure 4. The full conditional indirect effects of childhood adversity, genetic risk, and their interaction, on chronic illness at age 29, cardiometabolic risk at age 29,
and DNAm PhenoAge at age 29 through ABMI moderated by a weighted genetic risk score for obesity. Chi-square = 83.656, df = 38, p =.0000; CFI =.904; SRMR=.029.
Values are standardized parameter estimates, and standard errors are in parentheses. Depression at age 29 is controlled for in CA and age 29 health outcomes,
controlling potential recall bias; gender and childhood socioeconomic status at age 10 are controlled for in ABMI and age 29 outcomes, isolating CA effects; edu-
cation at age 29, substance use at age 29, healthy diet at age 29, exercise at age 29, and income at age 29 are controlled for in all age 29 health outcomes to control
alternative influences on health; and cell types are controlled for DNAm PhenoAge to yield intrinsic PhenoAge. Control variable effects are not shown in the figure.
DNAm PhenoAge is residualized on chronological age and so represents age acceleration. **p <.01. *p <.05 (two-tailed tests), n=412.

Table 4. Conditional indirect effects of childhood adversity and genetic risk score for obesity on health outcomes (chronic illness, cardiometabolic risk, and DNAm
PhenoAge) via residualized change in body mass index

Paths Effect 95% ClI p

Low GRSO (-1SD)

CA — ABMI — Chronic illness by low GRSO .001 [-.002, .005] .587

CA — ABMI — CMR by low GRSO .016 [-.021, .054] 410

CA — ABMI — DNAm PhenoAge by low GRSO .012 [-.012, .052] AT1
Low CA (-1SD)

GRSO — ABMI — Chronic lllness by low CA .002 [-.008, .017] .766

GRSO — ABMI — CMR by low CA .029 [-.099, .190] 707

GRSO — ABMI — DNAm PhenoAge by low CA .021 [-.075, .174] 753

High GRSO (+1SD)

CA — ABMI — Chronic illness by high GRSO .008** [.003, .015] .008
CA — ABMI — CMR by high GRSO .092** [.042, .140] .000
CA — ABMI — DNAm PhenoAge by high GRSO .067* [.025, .158] .047

High CA (+126/02/20)

GRSO — ABMI — Chronic illness by high CA .022** [.009, .043] .011
GRSO — ABMI — CMR by high CA .266** [.144, .375] .000
GRSO — ABMI — DNAm PhenoAge by high CA .193** [.075, .374] .011

Note: Values are unstandardized parameter estimates and confidence intervals. CA = childhood adversity. ABMI = change in body mass index. CMR = cardiometabolic risk. GRSO = genetic risk
score for obesity. **p <.01. *p <.05 (two-tailed tests), n=412.

Exploratory and supplemental analyses above, we excluded BMI at age 29 from the cardiometabolic index

(results shown in online-only Supplemental Figure S.1), and
To provide evidence that the model was robust to a range of ana-  found the same pattern of significant indirect and moderated
lytic decisions, we ran the same model several ways. First, as noted  effects. Second, we reran the model excluding all control variables,
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Table 5. Hayes index of moderated mediation indicating significant moderated
mediation for each of the three objective indicators of young adult health

B 95%(Cl
CA x GRSO x Chronic lllness .003* [.001, .007]
CA x GRSO x Cardiometabolic Risk .038** [.005, .068]
CA x GRSO x DNAm PhenoAge .028* [.005, .063]

Note: CA=childhood adversity. GRSO = genetic risk score for obesity. *p <.05. **p <.01
(two-tailed tests).

other than those for cell-type variation on DNAm PhenoAge, and
found the same pattern of significant indirect and moderated
effects (see online-only Supplemental Figure S2 and
Supplemental Table S.4). Third, we reran the model including
all controls but excluding controls for cell-type variation to see
if effects on DNAm PhenoAge were due to controls for cell-type
variation, and found the same pattern of effects (see online-only
Supplemental Figure S.3 and Table S.5). Fourth, because compar-
ison of observed indirect and moderated pathways for DNAm
PhenoAge with those obtained using other potential methylomic
aging indices is of potential interest, we also ran a comparative
analysis, showing that similar significant indirect and moderated
effects would be observed using the Hannam methylomic aging
measure (Hannum et al., 2013) or the Horvath methylomic
aging measure (Horvath, 2013) as dependent variables (see
online-only Supplemental Figure S.4 and Supplemental
Table S.6). We also show that there was not a significant indirect
or moderated effect using the GRIM (Lu et al., 2019), a methylo-
mic aging measure designed to enhance prediction of increased
mortality risk. Examination of intercorrelation of the several
methylomic aging indices shows relatively low correlations, on
average (see online-only Supplemental Table S.7).

Discussion

There is a need for integrative models that highlight mechanisms
connecting childhood adversity and biological mediators to health
outcomes in adulthood (Brody, Yu, & Beach, 2016; Suglia et al,
2018). Such models have the potential to highlight risk and resil-
ience processes to guide future prevention efforts (Brody, Beach,
et al, 2013; Deighton, Nevillea, Puschb, & Dobson, 2018).
Likewise, there is a need for research that expands our under-
standing of genetic risk factors, potentially identifying ways
such risk is moderated by social environments. To address these
gaps, in the current investigation we examined the association
of childhood adversity and genetic risk for obesity, as well their
interaction, in the prediction of adult health conditions. The pat-
tern of observed results suggests that increased weight gain during
adolescence and young adulthood is an indirect pathway connect-
ing childhood adversity to a range of objective indicators of adult
health for African American young adults, including cardiometa-
bolic health, early onset of chronic illness, and methylomic indi-
cators of aging phenotypes. In addition, elevated genetic risk for
obesity confers increased risk for the adverse health effects of
childhood adversity, at least in part because it strengthens the
impact of child adversity on increases in BMI across adolescence
and young adulthood. The use of objective indicators of adult
health in the current investigation is also important because it
limits potential artifactual connections between reports of child-
hood adversity and health. Likewise, the use of a broad range of
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childhood adversities with little subjective content, and represen-
tative of the range of childhood conditions previously found to be
associated with the development of obesity, strengthens our
conclusions.

The most central prediction for the proposed model was that
childhood adversity would be associated with elevation in risk
markers for cardiometabolic illness in early adulthood. African
Americans have greater prevalence and earlier onset of cardiovas-
cular disease (Hozawa, Folsom, Sharrett, & Chambless, 2007), are
significantly more likely to die of cardiovascular disease
(Carnethon et al., 2017), and are twice as likely as Whites to
develop type 2 diabetes and to be affected by its complications,
including heart disease, blindness, amputations, stroke, and
death (Konen, Summerson, Bell, & Curtis, 1999), making this a
key area of investigation to explain broader health disparities.
Nonetheless, similar racial differences exist for a number of
age-related chronic diseases (Geronimus, Bound, et al., 2006;
Geronimus, Hicken, et al., 2006; Williams, 2012), with African
Americans disproportionately suffering the burden of age-related
disease and having earlier onset of chronic illness (Gaillard & Ose,
2010). The current results were supportive of the expectation that
the pathway from childhood adversity to accelerated weight gain
in adolescence and early adulthood would be useful in describing
a plausible biological pathway linking childhood adversity to ele-
vated risk for cardiometabolic outcomes.

An important benefit of hypothesizing that ABMI might serve
as a mechanism of biological embedding, and using SNPs drawn
from a widely utilized genetic platform to index GRSO, is that the
model proposed in Figure 1 can be examined and confirmed or
disconfirmed in multiple existing data sets with African
Americans, or can be tested with appropriate changes for samples
using other ethnic groups. The fact that we observed effects of
childhood adversity beyond GRSO and a variety of control vari-
ables in our main effects model is also consistent with prior
reports regarding the impact of childhood adversity on obesity
(Bjorntorp, 2001; Garasky et al., 2009; Wall et al., 2019), and
extends those reports by controlling for additional sources of
potential spuriousness. Further suggesting nonspurious effects,
both childhood adversity and genetic risk showed similar patterns
of indirect effects through ABMI, providing additional support for
the hypothesis that childhood adversity and genetic effects are
important in the prediction of change in BMI across adolescence
and ultimately in predicting objective indicators of young adult
health.

The effect of childhood adversity on our indicators of young
adult health was fully accounted for by ABMI, as was the effect
of GRSO on indicators of young adult health, with significant
indirect effects in each case. Thus, the straightforward interpreta-
tion of our results would be that the observed associations
between recalled childhood adversities and young adult health
is nonspurious, and this association can be accounted for by
ABMI. However, it should be noted that the observed pattern
does not preclude concurrent operation of alternative biological
mechanisms. In particular, it is likely that there are other biolog-
ical and psychosocial pathways linking childhood adversity to
later adult health outcomes. For example, childhood adversity
was associated with both substance use and depressive symptoms
in the current sample, suggesting potential behavioral pathways to
poorer long-term adult health. Likewise, there may be associations
of childhood adversity with greater inflammatory response to
depression (Beach et., 2017; Miller & Cole, 2012), increased
chronic inflammation (Hostinar, Lachman, Mroczek, Seeman, &
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Miller, 2015; Nusslock & Miller, 2016), or increased allostatic load
(Brody, Yu, et al, 2013), or changes in other cryptic biological
processes that may further explain emerging health problems in
later in adulthood, or that may co-occur with increased weight
gain. Of importance to future theorizing, our focus was on
predictors of morbidity but not mortality. Accordingly, it is likely
that prediction of mortality risk may need to include somewhat
different variables and may identify somewhat different processes
than were the focus in the current investigation (Mills et al.,
2019). At a minimum, however, ABMI across adolescence and
young adulthood appears to be an important and useful marker
of a biological embedding process associated with elevated
childhood adversity.

As we developed our model, we confronted several methodo-
logical issues that will require additional attention in future efforts
to test the proposed model. Although assessment of childhood
adversity via retrospective reports is useful for many purposes,
such reports may be limited by factors that influence self-report,
or introduce bias, suggesting the value of using control variables
to reduce potential threats to validity. In line with prior results,
retrospective report of childhood adversity was correlated with
concurrent depressive symptoms. This suggests that when depres-
sion is not the focus of the investigation, it will often be desirable
to control for depressive symptoms when retrospective report of
childhood adversity is used as a predictor (e.g., Reuben et al,
2016). Prospective assessment of childhood adversity should
also be examined in relationship to change in BMI and objective
indicators of young adult health. As has been noted in other con-
texts, such examination may yield different insights, highlight dif-
ferent mechanisms of change, and identify somewhat different
“at-risk” populations (Baldwin et al., 2019). Because they tend
to assess different time frames (blocks of time vs. a specific snap-
shot of time) and because they are likely subject to different influ-
ences and memory processes, it cannot be assumed that
prospective and retrospective assessment of childhood adversity
will converge strongly.

An additional methodological issue is that genetic risk indices
need to be validated for African American samples in order to
avoid potential problems that can emerge for some genetic risk
indices due to cross-ethnic differences in linkage disequilibrium
(cf. Belsky et al., 2012). Similarly, identifying the contributions
of childhood adversity to later health problems of African
American youth may require developmentally and contextually
sensitive assessments of adversity (cf. Brody et al., 2016). In the
current investigation, for example, discrimination was included
in the index of childhood adversities commonly experienced by
African American youth prior to age 10. This was informed by
a large body of research on African American youth and their
exposure to discrimination at an early age (Sanders-Phillips,
2009). However, research is emerging with regard to the effects
of discrimination against other ethnic, religious, and sexual
minorities, and it may be that, with appropriate changes,
discrimination-focused assessment could contribute to prediction
of obesity and longer term health outcomes in other groups.

Despite our focus on weight gain across adolescence and
young adulthood among African Americans, the current findings
should not be taken as minimizing the likely value of examining
influences on weight gain during other, even earlier developmen-
tal stages, including gestation, early infancy, and early childhood
(Dietz, 1994). Our focus on weight gain across adolescence was
driven by our desire to isolate the impact of childhood adversity
and focus on changes that could have plausibly occurred after
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the period of reported childhood adversity. In the current inves-
tigation influences attributable to weight gain during earlier devel-
opmental stages were controlled, but these other potential
developmental windows for change in BMI are very likely impor-
tant in their own right and warrant future study. A related possi-
bility, deserving attention in future research, is that genetic risk
markers may exert developmentally specific effects (cf. Justice
et al, 2019; North et al,, 2010, Sovio et al, 2011), increasing
risk for weight gain only during particular developmental win-
dows or in response to specific classes of risk. The current results
are consistent with this speculation given that genetic risk only
exerted a significant effect on weight gain for those with greater
than average adversity.

Our findings provide insights with regard to the risk posed by
childhood adversity and genetic risk factors for objective indica-
tors of adult health. Although we controlled for confounds poten-
tially inflating associations between recall of childhood adversity
and health outcomes, we observed indirect effects of both child-
hood adversity and genetic risk on objective indicators of poor
health at age 29. Better characterizing these risks may help in
the development of both biological and social intervention strat-
egies likely to improve long-term outcomes for youth exposed
to childhood adversities. There appear to be opportunities to
identify those at increased risk and to develop programs that
may interrupt weight gain across adolescence, with potential ben-
eficial effects for African American youth. In particular, it may be
that family-based interventions delivered in late childhood may
have a role to play in interrupting biological embedding of earlier
adversity (e.g., Brody et al,, 2016; Chen et al., 2018).

Limitations of the current investigation have been touched
upon previously, but deserve additional mention. Childhood
adversity effects need to be further elaborated and clarified by
examining their connection to prospective reports of the social
environment. In particular, some types of childhood adversity
may be more common and/or consequential for adolescent weight
gain than others, making them better targets of preventive inter-
vention. Future work may also identify prospectively reported
challenges and adversities that are highly correlated with retro-
spective reports of adversity, or that predict weight gain across
adolescence and young adulthood. Coverage of the full range of
relevant sources of adversity may be difficult to obtain prospec-
tively, and valid reports during childhood may also be difficult
to obtain for some types of adversity (Baldwin et al., 2019). It
should also be noted that our polygenic risk score was not very
powerful, suggesting that it does not capture all available genetic
variance in BMI. This may be why it was not more strongly asso-
ciated with chronic illness and cardiometabolic risk. Likewise, our
measure of BMI at ages 10 and 12 was based on reported rather
than measured height and weight, introducing an unknown
amount measurement error. Finally, our conclusions are limited
because the current data set does not allow us to examine change
in objective indicators of health. However, this limitation is less-
ened somewhat given that the objective indicators of health we
used as primary outcomes are unlikely to show much variation
in late childhood, suggesting that having a measure of, for exam-
ple, chronic illness in childhood, on which almost everyone scored
“0,” would not change observed results appreciably.

It is also worth noting that observed effect sizes in the current
study were relatively small, suggesting that the current results are
preliminary. If replicated, these effects provide an important
starting point for the identification of potential targets of
preventive intervention. In particular, significant GXxE effects
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allow for more in-depth examination of processes linking the
environment and outcomes by focusing attention on mechanisms
that may involve the identified genes. At the same time, there are
likely additional genes of importance in understanding risk for
obesity, and these may operate in a complex manner and interact
with developmental stage. It is also noteworthy that the G x E
interaction effect was successful in identifying a group who, on
average, did not show increased BMI across adolescence in
response to childhood adversity, and a group who did, suggesting
a basis for future applications. Likewise, the small, significant,
indirect effects linking early precursors to young adult outcomes
via changes occurring across adolescence support continued
examination of adolescence as a key time frame when malleable
predictors of later health outcomes for African American youth
can be identified. Future investigations using experimental
designs to probe potential points of preventive intervention
may provide stronger and more specific tests of causal
hypotheses (Brody, Beach, et al., 2013; Howe, Beach, Brody, &
Wyman, 2016).

In sum, the current investigation provides support for the
hypothesis that childhood adversity is related to adult health out-
comes indirectly through its effect on weight gain across adoles-
cence and young adulthood. It seems likely that accelerated
weight gain across adolescence and young adulthood may be an
important and potentially modifiable risk factor for later health
problems among African American youth, and account for out-
comes beyond risk due to childhood SES or those conferred by
earlier childhood weight gain. In addition, the indirect and mod-
erated relationships implied by our theoretical model were robust
to a range of analytic choices, with the largest effects observed for
cardiometabolic health. Supplemental analyses showed that effects
found for PhenoAge generalized to other previously used mea-
sures of methylomic aging, but not to a recently derived methylo-
mic predictor of mortality, and that effects on PhenoAge were
robust to controls for cell-type variation. Nonetheless, all observed
effects require replication in other samples to see if the observed
patterns generalize to (a) other samples of African American
youth, (b) other minority samples confronting elevated levels of
childhood adversity, and (c) European American samples con-
fronting varying levels of childhood adversity. The evidence link-
ing obesity to health problems in adulthood is quite strong
(Manson et al., 1990), making the periods of increased vulner-
ability for the development of obesity, especially vulnerability
during adolescence and young adulthood (Zhang et al., 2019),
a particularly attractive target for preventive intervention. Better
understanding the way that genetic risk may moderate the contri-
bution of adversities at these periods of increased risk both to
young adult obesity and ultimately to health consequences later
in adulthood is important for enhanced models of life span health
development.
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