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Abstract

Socioeconomic disadvantage may be a significant risk factor for disordered eating, particularly for
individuals with underlying genetic risk. However, little-to-nothing is known about the impact of
disadvantage on disordered eating in boys during the critical developmental risk period. Crucially,
risk models developed for girls may not necessarily apply to boys, as boys show different
developmental patterns of disordered eating risk (i.e., earlier activation of genetic influences
during adrenarche, an early stage of puberty). This is the first study to examine phenotypic

and genotype x environment (GxE) effects of disadvantage in boys. Analyses examined 3,484
male twins ages 8-17 (Mage = 12.27, SD = 2.96) from the Michigan State University Twin
Registry. Disordered eating (e.g., body dissatisfaction, binge eating) was measured using the
parent-report Michigan Twins Project Eating Disorder Survey. Neighborhood disadvantage was
measured using a census-tract level Area Deprivation Index, and family socioeconomic status was
determined from parental income and education. Adrenarche status was determined using multiple
indicators, including age and Pubertal Development Scale scores. GXE models suggested that
genetic influences on disordered eating were activated earlier for boys experiencing familial or
neighborhood disadvantage, with substantial genetic influences in early adrenarche, when genetic
influences were low in more advantaged boys. Phenotypically, both neighborhood and familial
disadvantage were associated with greater disordered eating for boys in late adrenarche, which
could indicate a lasting impact of earlier activation of genetic influences on later risk. Results
highlight disadvantage as a novel risk factor for disordered eating in boys, particularly those with
genetic vulnerabilities.

General Scientific Summary

This was the first study to examine phenotypic and genotype x environment associations between
disadvantage and disordered eating in boys during the critical developmental risk period. We
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found that both familial and neighborhood disadvantage were associated with significantly greater
genetic influences on disordered eating in boys during early adrenarche, and significantly greater
phenotypic disordered eating symptoms during late adrenarche. Results suggest that boys living in
disadvantaged environments may be at elevated risk for disordered eating, particularly if they have
underlying genetic vulnerabilities.
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disordered eating; eating disorders; poverty; neighborhood disadvantage; socioeconomic status;
etiology; genotype x environment interaction; males; puberty; adrenarche

Despite historical stereotypes that eating disorders (EDs) primarily impact individuals from
relatively advantaged backgrounds (Gard & Freeman, 1996), recent research suggests risk
for EDs and related symptoms may be elevated among people experiencing socioeconomic
disadvantage. While relatively few studies have examined the association between
disadvantage and disordered eating, increased disordered eating among disadvantaged
populations has been found in both girls and adults across multiple indicators of
disadvantage, including food insecurity, neighborhood disadvantage (i.e., increased
neighborhood poverty and decreased community resources), and familial disadvantage (i.e.,
lower household income and educational attainment) (Becker et al., 2017, 2019; Coffino et
al., 2020; Hazzard et al., 2021; Lydecker et al., 2019; Mikhail, Carroll, et al., 2021). Though
people from disadvantaged backgrounds are underrepresented in research and treatment
settings, this disparity appears to reflect reduced access to care rather than the prevalence
of EDs in the general population (Gard & Freeman, 1996; Huryk et al., 2021; Sonneville

& Lipson, 2018). Preliminary studies linking disadvantage to disordered eating suggest

an urgent need for additional research examining disordered eating in socioeconomically
disadvantaged populations, including how the etiology of disordered eating may be similar
or different for people from disadvantaged backgrounds.

There are several mechanisms through which disadvantage may increase disordered eating,
including increased stress (DeCarlo Santiago et al., 2011; Goodman et al., 2005), reduced
access to fresh foods such as fruits/vegetables and increased availability of highly palatable
foods (e.g., fast food; Cooksey-Stowers et al., 2017; Dubowitz et al., 2012), and increased
weight stigma among disadvantaged populations (Becker et al., 2021). The impact of these
environmental risk factors may be further amplified in individuals with underlying genetic
risk via genotype x environment interactions (GXE). When GXxE is present, the impact of
latent genetic risk on a behavioral phenotype depends on the presence of environmental
stressors. In some cases, genetic influences may be weaker in stressful circumstances

that impede normative development (i.e., bioecological GXE; Bronfenbrenner & Ceci,
1994; Burt, 2014). Alternatively, and more commonly for internalizing phenotypes such

as disordered eating (e.g., Fairweather-Schmidt & Wade, 2017; Strachan et al., 2017),
stressful environmental circumstances amplify underlying genetic vulnerabilities, leading to
elevated psychopathology in individuals with genetic risk (i.e., diathesis-stress GXE; Rende
& Plomin, 1992).
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Initial research suggests the impact of disadvantage on disordered eating may be amplified
for individuals with underlying genetic vulnerabilities through diathesis-stress GXE,
particularly during puberty, a developmentally sensitive risk period for the emergence of
EDs (e.g., Mikhail, Anaya, et al., 2021; Nagl et al., 2016). In a recent study, our group found
that phenotypic ED symptoms were greater for girls experiencing familial or neighborhood
disadvantage. In addition, both forms of disadvantage were associated with stronger and
earlier expression of genetic influences on disordered eating (Mikhail, Carroll, et al., 2021).
Though disordered eating is strongly heritable in adulthood (with ~50% of variance in
disordered eating due to genetic factors), girls from more advantaged backgrounds typically
show minimal genetic influences on disordered eating prior to mid-puberty (Klump et

al., 2003, 2007, 2012; O’Connor et al., 2020). However, genetic influences on disordered
eating were already substantial in girls from the most disadvantaged backgrounds in pre/
early puberty, suggesting much earlier expression of genetic risk in disadvantaged contexts
that could ultimately lead to more disordered eating (Mikhail, Carroll, et al., 2021). The
considerable stress accompanying disadvantage may exacerbate genetically-based individual
differences in the stress response or emotional reactivity (Gillespie et al., 2009), potentiating
earlier expression of genetic risk for disordered eating. It is notable that effects were

largely consistent across neighborhood and familial disadvantage, which are conceptually
and empirically distinct (7's ~ .3 to .5; Hackman et al., 2012; Mikhail, Carroll, et al., 2021;
Roubinov et al., 2018), suggesting that multiple forms of disadvantage (both more proximal
and distal) are associated with increased ED risk in girls.

Importantly, research to date has focused on the impact of disadvantage on disordered
eating in girls (e.g., Mikhail, Carroll, et al., 2021) or adults (e.g., Becker et al., 2017, 2019;
Hazzard et al., 2021; Lydecker et al., 2019), with no studies of disadvantage effects in
boys during the critical developmental risk period. While disordered eating is less common
in boys than girls, a significant number of boys and men do experience EDs and related
symptoms (e.g., binge eating), with recent estimates indicating that over 10% of adolescent
boys experience clinically significant disordered eating (Nagata et al., 2020). Disordered
eating may be even more common among boys and men experiencing significant stress
(Gadalla, 2009; Mitchell et al., 2016), potentially including those living in disadvantaged
environments, and preliminary research suggests that food insecurity (Becker et al., 2017,
2019) and lower SES (Burke et al., 2022) are similarly associated with disordered eating

in adult men and women. Notably, boys and men are less likely than girls and women to
be diagnosed or receive treatment for EDs even when experiencing significant symptoms
(Sonneville & Lipson, 2018). It is therefore critical to identify boys at increased risk for
targeted prevention and intervention.

Crucially, boys experience different developmental patterns of ED risk than girls, and
developmentally sensitive risk models based on girls (including analyses in Mikhail,

Carroll, et al. (2021) discussed above) may not necessarily apply to boys. Specifically,

the developmental timing of activation of genetic influences on ED risk differs across sex.
Puberty can be divided into two developmental stages: adrenarche, during which adrenal
androgens (e.g., androstenedione, dehydroepiandrosterone, dehydroepiandrosterone-sulphate
[DHEA-S]) increase prior to pronounced outward physical changes, and gonadarche, during
which increases in gonadal hormones (e.g., estradiol, testosterone) drive the development
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of secondary sex characteristics (e.g., breast growth, voice changes) (Auchus & Rainey,
2003). Adrenarche typically begins before gonadarche (~age 6-8) and continues through
gonadarcheal development (Guran et al., 2015). Girls do not show genetic influences on
disordered eating until mid-gonadarche, well after adrenarche is underway (Klump et al.,
2003, 2007, 2012; O’Connor et al., 2020). However, in boys, genetic influences start

to increase during the early stages of adrenarche that precede gonadarche and are fully
online when gonadarche begins (Culbert et al, 2017). Genetic influences on disordered
eating may be activated in males but not females during adrenarche because males display
greater sensitivity to androgens following greater exposure to testosterone prenatally, leading
to unique impacts of androgens on later gene expression in males (Arnold, 2009). If
disadvantage impacts disordered eating in part by leading to earlier expression of genetic
risk, these developmentally sensitive effects would be expected to unfold earlier in boys
than girls (i.e., in adrenarche rather than gonadarche) and could reflect potentially distinct
underlying molecular mechanisms (i.e., activation by androgens rather than estrogen). It
is therefore crucial to examine boys independently rather than assuming that disadvantage
effects during adolescence are the same in girls and boys.

In this study, we examined whether boys living in more socioeconomically disadvantaged
circumstances were at elevated risk for disordered eating. We examined both family SES
and neighborhood disadvantage to investigate potential similarities and differences in the
impact of disadvantage at different levels of proximity. Notably, prior research suggests
that activation of genetic influences during adrenarche/puberty may lead to lasting changes
in neural organization that precede behavioral changes (Klump et al., 2018; Schulz &

Sisk, 2016). If disadvantage impacts disordered eating in part through changes in gene
expression that alter brain organization during adrenarche, we might expect significant GXE
(i.e., elevated genetic influences on disordered eating with increasing disadvantage) in early
adrenarche, but minimal phenotypic effects until late adrenarche. Conversely, we would
expect smaller GXE effects (i.e., similar levels of genetic influence across disadvantage)
during late adrenarche after the period of organization has ended, but greater phenotypic
effects. Moderation analyses across adrenarche allowed us to examine these hypotheses
regarding developmental shifts in disadvantage effects.

Primary analyses included 3,484 boys ages 8-17 (Mage = 12.27, SD = 2.96) from same-sex
twin pairs from the Michigan Twins Project (MTP), a large-scale twin registry that serves
as a recruitment pool for research conducted through the Michigan State University Twin
Registry (MSUTR). The MSUTR is a population-based twin registry that recruits twins
through birth records in collaboration with the Michigan Department of Health and Human
Services (see Burt & Klump, 2013, 2019; Klump & Burt, 2006). Response rates for the
MTP are similar or better than those of other twin registries (58.9% for youth under 18)
and MTP twins are demographically representative of Michigan (Burt & Klump, 2019).
Approximately 14% of MTP youth live in families whose income is at or below the federal
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poverty level (~$26,500 for a family of four; US Department of Health and Human Services,
2021), which is similar to the overall population of Michigan (Burt & Klump, 2013).

Most participants identified as white/non-Latinx (7= 2,948; 84.6%), followed by Black/
non-Latinx (n7=248; 7.1%), multiracial (n= 124; 3.6%), Latinx (1 = 48; 1.4%), Asian
American (7= 38; 1.1%), and Native American (1= 10; 0.3%). The remaining participants
(n=68; 2.0%) identified as belonging to another race/ethnicity or did not specify their
race/ethnicity. Twins varied widely in family SES (combined parental income M= $90,390,
SD = $54,410, range = $0-$300,000+). Similar to our prior report examining girls from the
MSUTR (Mikhail, Carroll, et al., 2021), 10.9% of participants lived in neighborhoods above
the national 75! percentile for disadvantage. Additional demographic information is shown
in Table S1.

Zygosity Determination.—Zygosity was determined using a well-validated physical
similarity questionnaire (Lykken et al., 1990) completed by the twins’ parents. This
questionnaire is over 95% accurate in determining zygosity as verified through DNA/
serologic testing (Lykken et al., 1990; Peeters et al., 1998).

Disordered Eating.—Disordered eating was assessed using the Michigan Twins Project
Eating Disorder Survey (MTP-ED; Mikhail, Carroll, et al., 2021), a nine-item parent-report
questionnaire for measuring disordered eating in population-based samples. Prior research
suggests parent-reported symptoms differentiate youth with and without clinical EDs
(Accurso & Waller, 2021) and show similar or greater concordance with objective external
measurements (e.g., BMI, clinician-reported symptoms) as adolescent-reported symptoms
(Couturier et al., 2007; Steinberg et al., 2004; Swanson et al., 2014). Parent report may

be particularly useful for younger boys who may have difficulty understanding disordered
eating items.

The MTP-ED contains questions regarding body dissatisfaction (i.e., distress regarding body
shape), weight preoccupation (i.e., fear of gaining weight), and disordered eating behaviors
(i.e., dieting, binge eating, purging). Each item is rated on a 3-point scale from 0 (not

true) to 2 (certainly true). Detailed information on the reliability/validity of the MTP-ED

in boys is included in Supplemental Material. In brief, in the current sample, the MTP-ED
had acceptable internal consistency across age (ages 8-12: a =.77; ages 13-17; a. = .81)

and pubertal development (early adrenarche: a =.70; early gonadarche: a =.78; mid/late
gonadarche: a =.80), discriminated between boys with and without a parent-reported ED
(d=1.24, p<.001), and showed expected correlations with other constructs (e.g., 7= .29, p
<.001 with BMI; r=.25, p<.001 with internalizing symptoms).

Additional validation of the MTP-ED was conducted in 299 boys ages 7-18 and their
primary caregivers from a separate, ongoing study within the MSUTR. Correlations in this
independent sample were large between self-reported MTP-ED and self-reported Minnesota
Eating Behavior Survey1 (MEBS; von Ranson et al., 2005) total scores (r= .66, p<.001). As
is typical in the ED literature, correlations between parent- and self-reported MTP-ED were
significant but small-to-moderate in magnitude (r= .26, p<.001).
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Disadvantage.—Neighborhood disadvantage was measured using a well-validated (Kind
& Buckingham, 2013; Singh, 2003), census-tract level Area Deprivation Index (ADI)
incorporating 17 indicators of neighborhood disadvantage (e.g., unemployment rate, median
home value). The ADI has been used to examine associations between neighborhood
disadvantage and numerous mental and physical health outcomes in prior work (Burt et
al., 2020; Carroll et al., 2021; Kind et al., 2014; Powell et al., 2020; Suarez et al., 2022),
including our previous report on disadvantage and disordered eating in girls (Mikhail,
Carroll, et al., 2021). Neighborhood disadvantage, as measured by the ADI, is correlated
with poorer physical (Kind et al., 2014; Powell et al., 2020) and mental (Carroll et al.,
2021; Burt et al., 2020) health, as well as higher BMI (Sheets et al., 2020) and lower
physical activity (Miller et al., 2020). The ADI also has excellent internal consistency

(a = .95 in past research; Singh, 2003). The ADI score for each family was coded

using publicly available data from the American Community Survey for the census-tract
containing the family’s address (https://www.neighborhoodatlas.medicine.wisc.edu/). Raw
ADI scores were converted into percentiles relative to other families in the sample, with
higher scores indicating greater neighborhood disadvantage.

Family SES was measured using a latent variable factor score incorporating mother’s
education level, father’s education level, and combined parental income. As with the

ADI, raw scores were converted into percentiles relative to other families in the sample.

To maintain consistency with Mikhail, Carroll, et al. (2021), family SES was coded

such that Jower scores (i.e., lower family SES) indicate greater disadvantage. Importantly,
neighborhood disadvantage and family SES are only moderately correlated (r=-.47 in the
current study; only 22% variance shared), indicating that they are related but distinct (Burt,
2014; Hackman et al., 2012; Roubinov et al., 2018).

Adrenarche.—Because adrenal androgens were not directly measured, age and
gonadarche were used as proxy indicators of adrenarche status based on earlier research

on changes in the etiology of disordered eating across adrenarche and gonadarche (Culbert
etal., 2017). Gonadarche was measured using the parent-report Pubertal Development Scale
(PDS; Peterson et al., 1988), a five-item questionnaire that assesses physical markers of
maturation during gonadarche. Parent-rated PDS correlates strongly with professionally
rated Tanner staging and shows good psychometric properties for boys (a = .96; Koopman-
Verhoeff et al., 2020). Items for boys include height changes, skin changes, body hair
growth, voice deepening, and facial hair growth. Each item is rated from 1 (not yet begun)
to 4 (seems completed). As in past research (Klump et al., 2003, 2012), the five items were
averaged to create an overall PDS score.

We divided participants into early and late adrenarche groups based on research indicating
that genetic influences on disordered eating begin to gradually increase during the period
of adrenarche preceding gonadarche (i.e., early adrenarche) and are fully online when
gonadarche begins (i.e., late adrenarche) (Culbert et al., 2017). In other words, the period

1The Minnesota Eating Behavior Survey (previously known as the Minnesota Eating Disorder Inventory [M-EDI]) was adapted
and reproduced by special permission of Psychological Assessment Resources, 16204 North Florida Avenue, Lutz, Florida 33549,
from the Eating Disorder Inventory (collectively, EDI and EDI-2) by Garner, Olmstead, Polivy, Copyright 1983 by Psychological
Assessment Resources. Further reproduction is prohibited without prior permission from Psychological Assessment Resources.
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of adrenarche preceding gonadarche onset is critical for activation of genetic influences on
disordered eating in boys. Developmental studies indicate most boys begin adrenarche based
on adrenal androgen levels by age 8 (i.e., the youngest age in our sample) (Guran et al.,
2015; llondo et al., 1982). Therefore, we categorized all participants aged 12 or younger
with a PDS score of 1 (i.e., no external indicators of gonadarche) as in early adrenarche (7=
495; 14.2%). Participants with a PDS score greater >1 (n=2,723; 78.2%) or who were 13 or
older and missing data on the PDS (n=118; 3.4%) were categorized as in late adrenarche.
We used a cutoff age of 13 as a proxy indicator of being in late adrenarche based on prior
research indicating that over 95% of boys show evidence of gonadarcheal development (e.g.,
increase in testicular volume) by age 13 (Bundak et al., 2007). A small number of boys

who were 13 but had a PDS score of 1 (/7= 6; 0.2%) were also categorized as being in

late adrenarche, which was a conservative decision in relation to our hypotheses (i.e., the
difference between boys in early and late adrenarche would be reduced if these boys were in
fact in early adrenarche). Adrenarche status for the remaining 142 participants (4.1%) could
not be determined because they were under age 13 and missing data on the PDS.

BMI Percentile.—Age- and sex-specific BMI percentiles were calculated from
parent-reported height and weight using CDC growth charts (https://www.cdc.gov/
healthyweight/xls/bmi-group-calculator-us-062018-508.xIsm). Parent-reported BMI shows
good concordance with measured BMI in youth, with parent-reported weight estimates
deviating from measured weights by <5 pounds (Gordon & Mellor, 2015; Shields et al.,
2011).

Statistical Analyses

Data Preparation.—MTP-ED scores were prorated if one item was missing and marked
as missing if >1 item was missing. While parent-reported BMI shows good concordance
with objective measures (Gordon & Mellor, 2015; Shields et al., 2011), following Mikhail,
Carroll, et al. (2021), we took a conservative approach in setting extreme BMI values <0.5t
percentile or >99.5™ percentile to missing. MTP-ED scores were log transformed to account
for positive skew and standardized. More disadvantaged youth tend to have higher BMIs
(Alvarado, 2016), and higher BMIs are associated with disordered eating (Neumark-Sztainer
et al., 2007). All phenotypic and GxE analyses were therefore conducted with and without
BMI percentile to directly assess its impact on results.

Phenotypic Analyses.—Multilevel models (MLMSs) with a random intercept to account
for nesting of twins within families were used to examine phenotypic associations between
disadvantage and disordered eating. Random slopes were not estimated due to the small
number of observations per group (i.e., two twins per family). Models used an identity
covariance structure and maximum likelihood estimation, which makes use of all available
data to produce relatively unbiased parameter estimates (Black et al., 2011). Continuous
variables were z-scored. Race/ethnicity was included as a covariate because people of
color are disproportionately likely to live in disadvantaged contexts due to histories of
discrimination (e.g., redlining; Woods, 2012), and are also more likely to face stressors such
as racism and prejudice that may increase risk for disordered eating (Mikhail & Klump,
2020). Models examined adrenarche status (coded dichotomously as 0 = early adrenarche,
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1 = late adrenarche) as a moderator to examine whether phenotypic associations between
disadvantage and disordered eating differ across adrenarche in boys.

GXE Analyses.—Extended univariate, double moderator twin models (van der Sluis et al.,
2012) were used to examine how genetic and environmental influences on disordered eating
differ across disadvantage in boys, and whether these GXE effects depend on developmental
stage. The double moderator twin model is depicted in Figure S1. This model examines
additive genetic (A; i.e., genetic influences that sum across genes), shared environmental (C;
i.e., environmental factors that increase similarity between co-twins, such as attending the
same school), and non-shared environmental (E; i.e., environmental factors that differentiate
twins raised in the same family, such as non-overlapping friend groups) influences on
disordered eating, and how these influences differ across disadvantage and adrenarche.

The van der Sluis (2012) model allowed us to include twins who were discordant on
adrenarche status while correcting for potential biases in significance testing resulting from
the correlation between adrenarche and disordered eating. All twins were concordant on
disadvantage variables, as these were measured at the family level. Because moderators

are included in the means model, A, C, and E reflect the etiology of disordered eating

after regressing out variance shared with the moderators. Double moderator twin models
include 12 major parameters of interest: 3 initial path coefficients (a, c, e in Figure S1) that
capture genetic/environmental influences at the lowest level of the moderators (i.e., among
the least disadvantaged boys in early adrenarche), and 9 moderation coefficients that capture
linear increases/decreases in the initial ACE path coefficients as a function of developmental
stage (BxP, ByP, pzP in Figure S1), disadvantage (BxD, pyD, pzD in Figure S1), and their
interaction (BxPD, ByPD, pzPD in Figure S1). Quadratic moderators were not included
because the data suggested only linear effects were present. This approach is consistent with
our earlier study in female twins (Mikhail, Carroll, et al., 2021), and also helps to conserve
power and enhance interpretability.

The full model was fit first, with all path estimates and moderators freely estimated.
Submodels were then fit based on the full model parameter estimates and confidence
intervals to identify a best-fitting model. This approach allowed for identification of relevant
submodels without conducting an excessive number of tests, as each model has numerous
possible submodels. Best-fitting models were identified as those that had a non-significant
difference in minus twice the log-likelihood (-2InL) between the full and nested model, and
minimized Akaike’s Information Criterion (AIC), Bayesian Information Criterion (BIC),
and sample-size adjusted BIC (SABIC). If AIC, BIC, and SABIC identified different models
as best-fitting, the model that optimized two out of three fit indices was selected as best-
fitting.

BMI percentile was regressed out of log-transformed MTP-ED total scores, and the resulting
residuals were standardized. Neighborhood disadvantage and family SES percentiles were
floored at 0, then scaled from 0-1 for interpretability. Adrenarche was coded dichotomously
(0 = early adrenarche, 1 = late adrenarche). Following prior recommendations for

twin moderation models (Purcell, 2002), tables and figures report unstandardized path
coefficient and moderation estimates. Unstandardized estimates are generally recommended
because they reflect absolute differences in genetic/environmental influences across the
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moderators, while standardized estimates only capture differences in proportions of the total
variance. However, standardized estimates are also reported where appropriate to facilitate
interpretability.

Transparency and Openness

Data, analysis code, and research materials are available from the corresponding author upon
reasonable request. This study was not preregistered.

Results

Sample Descriptives

A range of disordered eating symptoms was represented (MTP-ED score range = 0-15;
possible range = 0-18), including more severe ED behaviors such as binge eating (8.5%

of the sample). As expected, boys displayed greater disordered eating symptoms in late
adrenarche than in early adrenarche (p<.001, d=.32). Disordered eating symptoms

were also significantly associated with both neighborhood disadvantage (r= .10, p

<.001) and family SES (r=-.11, p<.001) with a small effect size when examined

using Pearson correlations. Importantly, relatively modest phenotypic associations between
disadvantage and disordered eating do not preclude GXE, and in fact may reflect the
presence of significant moderation (e.g., stronger associations for individuals with genetic
vulnerabilities, and weaker/no association for individuals without genetic risk).

Phenotypic Analyses

In MLMs examining differences in associations between disadvantage and disordered eating
across adrenarche, we observed expected significant main effects of adrenarche and BMI
indicating greater disordered eating in boys during late adrenarche and for boys at higher
BMI percentiles. We also observed significant or trend-level interactions between adrenarche
status and disadvantage for both neighborhood disadvantage and family SES (see Table

1). For both neighborhood disadvantage and family SES, interactions indicated that the
association between disadvantage and disordered eating was stronger in late adrenarche.
Specifically, in the model including BMI percentile as a covariate, the association between
neighborhood disadvantage and disordered eating was significant for boys in late adrenarche
(B =.08, p=.001, 95% CI [.03, .13]) but not in early adrenarche (B = -.03, p=.640,

95% CI [-.14, .09]). Similarly, when controlling for BMI, family SES was significantly
associated with disordered eating for boys in late adrenarche (p = -.08, p=.001, 95% Cl
[-.12, -.03]), but not in early adrenarche (f = .05, p=.360, 95% CI [-.05, .15]). Results
were similar (but with slightly larger effect sizes for boys in late adrenarche) in models not
including BMI as a covariate. Findings were consistent with the hypothesis that phenotypic
associations between disadvantage and disordered eating may be greatest in late adrenarche,
following GXE during early adrenarche.

GXE Analyses

As shown in Supplemental Material (Tables S3—-S4 and Figure S2), GXE analyses yielded
very similar results with and without BMI percentile regressed out of the MTP-ED total
score for family SES. However, the full GXE model of neighborhood disadvantage that did
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not control for BMI failed to converge, although cotwin correlations suggested a similar
pattern of effects as the model that did control for BMI (see Table S2). Results below
therefore focus on models that controlled for BMI.

For both neighborhood disadvantage and family SES, genetic influences on disordered
eating appeared to differ across disadvantage and adrenarche in the full model (see Figures
1 and 2). Specifically, for boys living in more advantaged contexts (low ADI or high family
SES), genetic influences appeared substantially greater during late adrenarche than in early
adrenarche. This pattern of results is consistent with previous findings suggesting greater
genetic influences on disordered eating in late adrenarche in relatively advantaged boys
(Culbert et al., 2017). However, for boys living in more disadvantaged circumstances (high
ADI or low family SES), genetic influences on disordered eating appeared at least as large
in early adrenarche as in late adrenarche. Differences in environmental influences across
disadvantage and adrenarche appeared less pronounced than moderation of genetic effects in
these models.

With respect to model fitting, no moderation models fit poorly for both neighborhood
disadvantage and family SES, suggesting significant moderation effects (see Table 2).

The best-fitting models for both neighborhood disadvantage and family SES retained
disadvantage x adrenarche moderation of the A parameter, such that genetic influences

on disordered eating were greater in late adrenarche, but only for boys living in
advantaged circumstances (see Tables 2—-3 and Figures 1-2). For boys in disadvantaged
neighborhoods and families, genetic influences were already substantial during early
adrenarche. Consequently, the estimated proportion of variance in disordered eating due

to genetic factors during early adrenarche was significantly greater for boys from more
disadvantaged neighborhoods (low ADI: 19% of variance due to genes; high ADI: >95% of
variance due to genes)2 and families (high SES: 35% of variance due to genes; low SES:
67% of variance due to genes). While some moderation of C and E parameters was also
retained in the best-fitting models, these effects appeared relatively modest when plotted,
particularly for family SES (see Figures 1 and 2). Overall, effects were consistent with

the hypothesis that disadvantage may potentiate earlier expression of genetic influences on
disordered eating during early adrenarche through GxE.

Discussion

This is the first study to examine phenotypic and GXE associations between multiple forms
of disadvantage and disordered eating in boys, substantially extending our understanding of
how disadvantage may impact disordered eating in youth. Both neighborhood disadvantage
and lower family SES were associated with significantly greater phenotypic disordered
eating symptoms in boys beginning in late adrenarche. Notably, effects remained significant
even after controlling for BMI, indicating that the association between disadvantage

and disordered eating in boys cannot be solely attributed to increased body weight and

2 very high estimated percentage of variance due to genetic factors could reflect non-additive genetic influences. To test this
possibility, we ran an additional set of analyses that modeled non-additive genetic influences and dropped shared environmental
influences (i.e., ADE models). The best-fitting ADE model fit worse on all fit indices than the best fitting ACE model, suggesting that
non-additive genetic influences are not a major contributor to observed effects.
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attendant weight stigma in disadvantaged environments. GXE analyses showed substantially
stronger and earlier activation of genetic influences on disordered eating for boys living in
disadvantaged environments during early adrenarche, when genetic influences were modest
in more advantaged boys. This earlier activation of genetic influences could contribute

to greater phenotypic ED symptoms later in development, reflecting a potentially lasting
impact of disadvantage on ED risk in boys. Findings are novel in highlighting disadvantage
as a significant risk factor for disordered eating in boys, perhaps especially for those with
underlying genetic vulnerabilities.

Prior research indicates that adrenarche is a critical period for activation of genetic
influences on disordered eating in relatively advantaged boys, with genetic influences
increasing gradually across early adrenarche (i.e., prior to gonadarche), then remaining
constant from late adrenarche/gonadarche into adulthood (Culbert et al., 2017; Klump et al.,
2012). We replicated these prior findings for boys from relatively advantaged neighborhoods
and families, who showed a precipitous increase in genetic influences from early adrenarche
to late adrenarche. However, for boys living in more disadvantaged circumstances, GXE
analyses indicated that genetic influences on disordered eating were already substantial

in early adrenarche, suggesting earlier activation of genetic influences that could increase
later risk. Importantly, genetic influences did not differ across disadvantage during late
adrenarche, consistent with a shift in the developmental timing of expression of genetic

risk in disadvantaged environments rather than a general increase in genetic influences
regardless of developmental stage. Although GxE effects emerged during early adrenarche,
phenotypic associations between disadvantage and disordered eating were not apparent
until late adrenarche. This pattern of effects (increased genetic activation followed by

later phenotypic expression) may reflect alterations to developing neurocircuitry during

key hormonal/developmental periods that have enduring effects on later behavior (i.e.,
organizational hormone effects; Schulz & Sisk, 2016). Similar potentially organizational
impacts of risk factors for EDs during puberty have been observed previously in girls and
female animals (e.g., Klump et al., 2018).

Both familial and neighborhood disadvantage are accompanied by considerable stress (e.g.,
stemming from financial instability, food insecurity, noise pollution, community violence,
etc.) that could potentiate expression of genes relevant to vulnerability for disordered eating
earlier than developmentally normative. Effects during adrenarche may involve interactions
between rising androgen levels and the physiological stress response that could together lead
to changes in gene expression and amplification of risk. Consistent with this possibility,

a robust body of literature indicates that stress can alter gene expression and brain
organization in neural circuits relevant to disordered eating (e.g., regions in the amygdala
and prefrontal cortex involved in inhibitory control and emotion regulation; McEwen, 2013),
and that androgens regulate the stress response and downstream physiological changes in
males (Zuloaga et al., 2020). Relatedly, stress has been shown to alter the timing of brain
development, promoting earlier maturation of emotion-related circuits that may be adaptive
in the short-term, but have more deleterious long-term repercussions for coping with stress
and negative affect (Callaghan & Tottenham, 2016). This “stress acceleration hypothesis” is
consistent with our findings of earlier activation of genetic influences in boys experiencing
disadvantage. While stress is associated with increased disordered eating (Gadalla, 2009;
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Mitchell et al., 2016) and androgens are generally protective against disordered eating in
men and boys (Culbert et al., 2014, 2020), no studies have yet examined how androgens and
stress may interact to impact ED risk. Additional longitudinal research is needed to identify
how the stress accompanying disadvantage may interact with androgens during development
to impact gene expression and neural development in boys. Research is also needed to
identify which aspects of disadvantage have the greatest impact on ED risk, and whether
stressors that directly impact nutritional status (e.g., food insecurity) may have particularly
pronounced effects.

This study had several strengths, including a large, population-based sample, multiple
measures of disadvantage, and developmentally sensitive analyses. Nevertheless, some
limitations should be noted. As in our earlier study of disadvantage effects in girls
(Mikhail, Carroll, et al., 2021), we relied on a parent-report measure of disordered eating.
Using a consistent outcome measure across studies allows for direct comparison between
the current study and Mikhail, Carroll, et al. (2021). Our disordered eating measure

also demonstrated strong psychometric properties and expected associations with other

key variables (e.g., BMI, puberty, internalizing) in boys. Despite this, EDs are often
accompanied by considerable shame and secrecy, and parents may not be fully aware of

all symptoms experienced by youth. Replication with self-reported symptoms is therefore
needed. It would also be helpful to examine whether different symptom domains (e.g.,
binge eating versus body image concerns) relate to disadvantage differently. Interestingly,
however, initial research in adults suggests disadvantage may be associated with increases
in all types of EDs and their symptoms, rather than only select symptoms (Becker et al.,
2019; Coffino et al., 2020). Relatedly, determination of adrenarcheal development relied on
indirect measures (i.e., age and outward indicators of gonadarche). Though our method of
measuring adrenarche is consistent with past developmental studies of EDs in boys (i.e.,
Culbert et al., 2017), findings would ideally be replicated using adrenal androgen levels as a
more precise, continuous measure of adrenarche.

Analyses examined a population-based sample, rather than a sample enriched for
disadvantage. An advantage of this approach is that the full range of disadvantage was
present, allowing us to more easily detect differences between youth high and low in
disadvantage. Nevertheless, effect sizes may have been larger in a sample specifically
enriched for disadvantage, and future research should examine samples with larger numbers
of highly disadvantaged youth. Additionally, observed associations were correlational,

and causal associations between disadvantage and disordered eating cannot necessarily

be inferred. Longitudinal research and research on the “active ingredients” underlying
disadvantage effects is needed to continue to expand our understanding of how disadvantage
may impact disordered eating for both boys and girls.
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J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mikhail et al. Page 13

Acknowledgments

Study procedures were approved by the Michigan State University IRB (protocol LEGACY06-829M). This
research was supported by a National Science Foundation GRFP grant to MEM and funding for the Michigan
Twins Project through Michigan State University. The content of this article is solely the responsibility of the
authors and does not necessarily represent the official views of the NSF or MSU. Data, analysis code, and research
materials are available from the corresponding author upon reasonable request. This study was not preregistered.

References

Alvarado SE (2016). Neighborhood disadvantage and obesity across childhood and adolescence:
Evidence from the NLSY children and young adults cohort (1986-2010). Social Science Research,
57, 80-98. [PubMed: 26973033]

Arnold AP (2009). The organizational-activational hypothesis as the foundation for a unified theory of
sexual differentiation of all mammalian tissues. Hormones and Behavior, 55(5), 570-578. [PubMed:
19446073]

Auchus RJ, & Rainey WE (2004). Adrenarche—physiology, biochemistry and human disease. Clinical
Endocrinology, 60(3), 288-296. [PubMed: 15008992]

Becker CB, Middlemas K, Gomez F, & Kilpela LS (2021). An exploratory examination of internalized
weight stigma in a sample living with food insecurity. Body Image, 37, 238-245. [PubMed:
33770554]

Becker CB, Middlemass KM, Gomez F, & Martinez-Abrego A (2019). Eating disorder pathology
among individuals living with food insecurity: A replication study. Clinical Psychological Science,
7(5), 1144-1158.

Becker CB, Middlemass K, Taylor B, Johnson C, & Gomez F (2017). Food insecurity and
eating disorder pathology. International Journal of Eating Disorders, 50(9), 1031-1040. [PubMed:
28626944]

Black AC, Harel O, & Betsy McCoach D (2011). Missing data techniques for multilevel data:
Implications of model misspecification. Journal of Applied Statistics, 38(9), 1845-1865.

Bronfenbrenner U, & Ceci SJ (1994). Nature-nurture reconceptualized in developmental perspective:
A bioecological model. Psychological Review, 101(4), 568-586. [PubMed: 7984707]

Bundak R, Darendeliler F, Gunoz H, Bas F, Saka N, & Neyzi O (2007). Analysis of puberty and
pubertal growth in healthy boys. European Journal of Pediatrics, 166(6), 595-600. [PubMed:
17102974]

Burke NL, Hazzard VM, Schaefer LM, Simone M, O’Flynn JL, & Rodgers RF (2022). Socioeconomic
status and eating disorder prevalence: At the intersections of gender identity, sexual orientation,
and race/ethnicity. Psychological Medicine, 1-11.

Burt SA (2014). Research review: The shared environment as a key source of variability in child
and adolescent psychopathology. Journal of Child Psychology and Psychiatry, 55(4), 304-312.
[PubMed: 24261560]

Burt SA, Clark DA, Pearson AL, Klump KL, & Neiderhiser JM (2020). Do neighborhood social
processes moderate the etiology of youth conduct problems? Psychological Medicine, 50(9),
1519-1529. [PubMed: 31258102]

Burt SA, & Klump KL (2013). The Michigan state university twin registry (MSUTR): An update.
Twin Research and Human Genetics, 16(1), 344-350. [PubMed: 23101567]

Burt SA, & Klump KL (2019). The Michigan State University Twin Registry (MSUTR): 15 years
of twin and family research. Twin Research and Human Genetics, 22(6), 741-745. [PubMed:
31466551]

Burt SA, Pearson AL, Carroll S, Klump KL, & Neiderhiser JM (2020). Child antisocial behavior
is more environmental in origin in disadvantaged neighborhoods: Evidence across residents’
perceptions and geographic scales in two samples. Journal of Abnormal Child Psychology, 48(2),
265-276. [PubMed: 31642028]

Carroll SL, Clark DA, Hyde LW, Klump KL, & Burt SA (2021). Continuity and change in the genetic
and environmental etiology of youth antisocial behavior. Behavior Genetics, 1-12.

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mikhail et al.

Page 14

Coffino JA, Grilo CM, & Udo T (2020). Childhood food neglect and adverse experiences associated
with DSM-5 eating disorders in US national sample. Journal of Psychiatric Research, 127, 75-79.
[PubMed: 32502721]

Cooksey-Stowers K, Schwartz MB, & Brownell KD (2017). Food swamps predict obesity rates better
than food deserts in the United States. International Journal of Environmental Research and Public
Health, 14(11), 1366. [PubMed: 29135909]

Culbert KM, Burt SA, & Klump KL (2017). Expanding the developmental boundaries of etiologic
effects: The role of adrenarche in genetic influences on disordered eating in males. Journal of
Abnormal Psychology, 126(5), 593-606. [PubMed: 28691847]

Culbert KM, Burt SA, Sisk CL, Nigg JT, & Klump KL (2014). The effects of circulating
testosterone and pubertal maturation on risk for disordered eating symptoms in adolescent males.
Psychological Medicine, 44(11), 2271-2286. [PubMed: 24406155]

Culbert KM, Shope MM, Sisk CL, & Klump KL (2020). Low testosterone is associated with
dysregulated eating symptoms in young adult men. International Journal of Eating Disorders,
53(9), 1469-1479. [PubMed: 32643144]

DeCarlo Santiago C, Wadsworth ME, & Stump J (2011). Socioeconomic status, neighborhood
disadvantage, and poverty-related stress: Prospective effects on psychological syndromes among
diverse low-income families. Journal of Economic Psychology, 32(2), 218-230.

Dubowitz T, Ghosh-Dastidar M, Eibner C, Slaughter ME, Fernandes M, Whitsel EA,...Escarce JJ
(2012). The Women’s Health Initiative: The food environment, neighborhood socioeconomic
status, BMI, and blood pressure. Obesity, 20(4), 862-871. [PubMed: 21660076]

Fairweather-Schmidt AK, & Wade TD (2017). Weight-related peer-teasing moderates genetic and
environmental risk and disordered eating: Twin study. The British Journal of Psychiatry, 210(5),
350-355. [PubMed: 27979821]

Gadalla TM (2009). Eating disorders in men: A community-based study. International Journal of
Men’s Health, 8(1).

Gard MC, & Freeman CP (1996). The dismantling of a myth: A review of eating disorders and
socioeconomic status. International Journal of Eating Disorders, 20(1), 1-12. [PubMed: 8807347]

Gillespie CF, Phifer J, Bradley B, & Ressler KJ (2009). Risk and resilience: Genetic and environmental
influences on development of the stress response. Depression and Anxiety, 26(11), 984-992.
[PubMed: 19750552]

Goodman E, McEwen BS, Dolan LM, Schafer-Kalkhoff T, & Adler NE (2005). Social disadvantage
and adolescent stress. Journal of Adolescent Health, 37(6), 484-492.

Gordon NP, & Mellor RG (2015). Accuracy of parent-reported information for estimating prevalence
of overweight and obesity in a race-ethnically diverse pediatric clinic population aged 3 to 12.
BMC Pediatrics, 15(1), 1-11. [PubMed: 25626628]

Guran T, Firat I, Yildiz F, Kaplan Bulut I, Dogru M, & Bereket A (2015). Reference values for serum
dehydroepiandrosterone-sulphate in healthy children and adolescents with emphasis on the age of
adrenarche and pubarche. Clinical Endocrinology, 82(5), 712-718. [PubMed: 25208296]

Hackman DA, Betancourt LM, Brodsky NL, Hurt H, & Farah MJ (2012). Neighborhood disadvantage
and adolescent stress reactivity. Frontiers in Human Neuroscience, 6, 277. [PubMed: 23091454]

Hazzard VM, Barry MR, Leung CW, Sonneville KR, Wonderlich SA, & Crosby RD (2021). Food
insecurity and its associations with bulimic-spectrum eating disorders, mood disorders, and
anxiety disorders in a nationally representative sample of US adults. Social Psychiatry and
Psychiatric Epidemiology, 1-8.

Huryk KM, Drury CR, & Loeb KL (2021). Diseases of affluence? A systematic review of the literature
on socioeconomic diversity in eating disorders. Eating Behaviors, 101548. [PubMed: 34425457]

llondo MM, Vanderschueren-Lodeweyckx M, Vlietinck R, Pizarro M, Malvaux P, Eggermont E, &
Eeckels R (1982). Plasma androgens in children and adolescents. Hormones, 16(2), 61-77.

Kind AJ, & Buckingham WR (2018). Making neighborhood-disadvantage metrics accessible—the
neighborhood atlas. The New England Journal of Medicine, 378(26), 2456—2458. [PubMed:
29949490]

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mikhail et al.

Page 15

Kind AJ, Jencks S, Brock J, Yu M, Bartels C, Ehlenbach W,...Smith M (2014). Neighborhood
socioeconomic disadvantage and 30-day rehospitalization: A retrospective cohort study. Annals of
Internal Medicine, 161(11), 765-774. [PubMed: 25437404]

Klump KL, & Burt SA (2006). The Michigan State University Twin Registry (MSUTR): Genetic,
environmental and neurobiological influences on behavior across development. Twin Research and
Human Genetics, 9(6), 971-977. [PubMed: 17254439]

Klump KL, Culbert KM, Slane JD, Burt SA, Sisk CL, & Nigg JT (2012). The effects of puberty on
genetic risk for disordered eating: Evidence for a sex difference. Psychological Medicine, 42(3),
627-637. [PubMed: 21854699]

Klump KL, Fowler N, Mayhall L, Sisk CL, Culbert KM, & Burt SA (2018). Estrogen moderates
genetic influences on binge eating during puberty: Disruption of normative processes? Journal of
Abnormal Psychology, 127(5), 458-470. [PubMed: 29927265]

Klump KL, McGue M, & lacono WG (2003). Differential heritability of eating attitudes and behaviors
in prepubertal versus pubertal twins. International Journal of Eating Disorders, 33(3), 287-292.
[PubMed: 12655625]

Klump KL, Perkins PS, Burt SA, McGue MATT, & lacono WG (2007). Puberty moderates genetic
influences on disordered eating. Psychological Medicine, 37(5), 627-634. [PubMed: 17335640]

Koopman-Verhoeff ME, Gredvig-Ardito C, Barker DH, Saletin JM, & Carskadon M 2020. (2020).
Classifying pubertal development using child and parent report: Comparing the Pubertal
Development Scales to Tanner staging. Journal of Adolescent Health, 66, 597-602.

Lydecker JA, & Grilo CM (2019). Food insecurity and bulimia nervosa in the United States.
International Journal of Eating Disorders, 52(6), 735-739. [PubMed: 30920683]

Lykken DT, Bouchard TJ, McGue M, & Tellegen A (1990). The Minnesota twin family registry:
Some initial findings. Acta Geneticae Medicae et Gemellologiae: Twin Research, 39(1), 35-70.
[PubMed: 2392892]

McEwen BS (2013). The brain on stress: Toward an integrative approach to brain, body, and behavior.
Perspectives on Psychological Science, 8(6), 673-675. [PubMed: 25221612]

Mikhail ME, Anaya C, Culbert KM, Sisk CL, Johnson A, & Klump KL (2021). Gonadal hormone
influences on sex differences in binge eating across development. Current Psychiatry Reports,
23(11), 1-10.

Mikhail ME, Carroll SL, Clark DA, O’Connor S, Burt SA, & Klump KL (2021). Context matters:
Neighborhood disadvantage is associated with increased disordered eating and earlier activation
of genetic influences in girls. Journal of Abnormal Psychology, 130(8), 875-885. [PubMed:
34843291]

Mikhail ME, & Klump KL (2020). A virtual issue highlighting eating disorders in people of black/
African and Indigenous heritage. International Journal of Eating Disorders, 54(3), 459-467.
[PubMed: 33180348]

Miller A, Pohlig RT, & Reisman DS (2020). Social and physical environmental factors in daily
stepping activity in those with chronic stroke. Topics in Stroke Rehabilitation, 1-9.

Mitchell KS, Porter B, Boyko EJ, & Field AE (2016). Longitudinal associations among posttraumatic
stress disorder, disordered eating, and weight gain in military men and women. American Journal
of Epidemiology, 184(1), 33—-47. [PubMed: 27283146]

Nagata JM, Ganson KT, & Murray SB (2020). Eating disorders in adolescent boys and young men: An
update. Current Opinion in Pediatrics, 32(4), 476-481. [PubMed: 32520822]

Nagl M, Jacobi C, Paul M, Beesdo-Baum K, Hofler M, Lieb R, & Wittchen HU (2016). Prevalence,
incidence, and natural course of anorexia and bulimia nervosa among adolescents and young
adults. European Child & Adolescent Psychiatry, 25(8), 903-918. [PubMed: 26754944]

Neumark-Sztainer DR, Wall MM, Haines JI, Story MT, Sherwood NE, & van den Berg PA (2007).
Shared risk and protective factors for overweight and disordered eating in adolescents. American
Journal of Preventive Medicine, 33(5), 359-369. [PubMed: 17950400]

O’Connor SM, Culbert KM, Mayhall LA, Burt SA, & Klump KL (2020). Differences in genetic
and environmental influences on body weight and shape concerns across pubertal development in
females. Journal of Psychiatric Research, 121, 39-46. [PubMed: 31759219]

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mikhail et al.

Page 16

Peeters H, Van Gestel S, Vlietinck R, Derom C, & Derom R (1998). Validation of a telephone zygosity
questionnaire in twins of known zygosity. Behavior Genetics, 28(3), 159-163. [PubMed: 9670591]

Petersen AC, Crockett L, Richards M, & Boxer A (1988). A self-report measure of pubertal status:
Reliability, validity, and initial norms. Journal of Youth and Adolescence, 17(2), 117-133.
[PubMed: 24277579]

Powell WR, Buckingham WR, Larson JL, Vilen L, Yu M, Salamat MS,...Kind AJ (2020). Association
of neighborhood-level disadvantage with Alzheimer Disease neuropathology. JAMA Network
Open, 3(6), €207559-e207559. [PubMed: 32525547]

Purcell S (2002). Variance components models for gene—environment interaction in twin analysis.
Twin Research and Human Genetics, 5(6), 554-571.

Rende R, & Plomin R (1992). Diathesis-stress models of psychopathology: A quantitative genetic
perspective. Applied and Preventive Psychology, 1(4), 177-182.

Roubinov DS, Hagan MJ, Boyce WT, Adler NE, & Bush NR (2018). Family socioeconomic
status, cortisol, and physical health in early childhood: The role of advantageous neighborhood
characteristics. Psychosomatic Medicine, 80(5), 492-501. [PubMed: 29742755]

Schulz KM, & Sisk CL (2016). The organizing actions of adolescent gonadal steroid hormones
on brain and behavioral development. Neuroscience & Biobehavioral Reviews, 70, 148-158.
[PubMed: 27497718]

Sheets LR, Kelley LEH, Scheitler-Ring K, Petroski GF, Barnett Y, Barnett C,...Parker JC (2020). An
index of geospatial disadvantage predicts both obesity and unmeasured body weight. Preventive
Medicine Reports, 18, 101067. [PubMed: 32154094]

Shields M, Gorber SC, Janssen |, & Tremblay MS (2011). Obesity estimates for children based on
parent-reported versus direct measures. Health Reports, 22(3), 47.

Singh GK (2003). Area deprivation and widening inequalities in US mortality, 1969-1998. American
Journal of Public Health, 93(7), 1137-1143. [PubMed: 12835199]

Sonneville KR, & Lipson SK (2018). Disparities in eating disorder diagnosis and treatment according
to weight status, race/ethnicity, socioeconomic background, and sex among college students.
International Journal of Eating Disorders, 51(6), 518-526. [PubMed: 29500865]

Strachan E, Duncan G, Horn E, & Turkheimer E (2017). Neighborhood deprivation and depression
in adult twins: Genetics and gene x environment interaction. Psychological Medicine, 47(4), 627—
638. [PubMed: 27825398]

Suarez GL, Burt SA, Gard AM, Burton J, Clark DA, Klump KL, & Hyde LW (2022). The impact
of neighborhood disadvantage on amygdala reactivity: Pathways through neighborhood social
processes. Developmental Cognitive Neuroscience, 101061. [PubMed: 35042163]

van der Sluis S, Posthuma D, & Dolan CV (2012). A note on false positives and power in GXE
modelling of twin data. Behavior Genetics, 42(1), 170-186. [PubMed: 21748401]

Woods LL (2012). The Federal Home Loan Bank Board, redlining, and the national proliferation of
racial lending discrimination, 1921-1950. Journal of Urban History, 38(6), 1036—-1059.

Zuloaga DG, Heck AL, De Guzman RM, & Handa RJ (2020). Roles for androgens in mediating the
sex differences of neuroendocrine and behavioral stress responses. Biology of sex Differences,
11(1), 1-18. [PubMed: 31900228]

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mikhail et al.

Genetic and Environmental Influences on Disordered Eatin

Page 17

Across Neighborhood Disadvantage and Adrenarche Status

14

ADI - A- Full Model 14

12

1
08
06
04
0.2

ADI - C - Full Model

0

0 0.2 04 06 08
ADI
—o— Early w4 Late —— Early w4 Late
Adi he d he Adrenarche Adrenarche
14 ADI - A- Best Fitting 14 ADI- - BestFitting
12
1
0g r's +
06 - Ay [0 ST
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1 0 0.2 04 06 0.8
ADI ADI
—8— Early e Late —— Early e Late
Ad he Ad he Ad he Ad he
Figure 1.

Additive genetic (A), shared environmental (C), and non-shared environmental (E)

ADI - E - Full Model

14
12
1
08
06
’ = .
0 02 0.4 06 08 1
ADI
—8— Early ot Late
Adrenarche Adrenarche
14 ADI - € - Best fitting
B . S +
0.8 1

—8— Early

influences on disordered eating across adrenarche status and neighborhood disadvantage.

ADI = Area Deprivation Index.

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mikhail et al.

14
12

08
06
04
0.2

Page 18

Genetic and Environmental Influences on Disordered Eating Across Family SES and Adrenarche Status

Family SES - A - Full Model 14 Family SES - € - Full Model
1.2
1
08
-GN AU SURCEE SORTY S PR 11
04
0.2
0
0.2 0.4 0.6 08 1 0 0.2 04 0.6 0.8 1
SES SEs
—e— Early e Late —— Early 4 late
Adrenarche Adrenarche Adrenarche Adrenarche
Family SES - A - Best Fitting 14 Family SES - C - Best Fitting
1.2

0.2 04 06 08 1 0 0.2 0.4 06 08 1
SES SES
—8— Early e Late —8— Early e Late
Adrenarche Adrenarche Adrenarche Adrenarche
Figure 2.

14
12

1
0.8
0.6

0.4 $mn

0.2

L ]

Family SES - E - Full Model

®
®+
[ X3
l’!i
e

0

14
12

08
06

0.4 $

0.2 04 0.6 08 1
SES
—8— Early e Late

Family SES - E - Best Fitting

0.2 04 0.6 0.8 1
SES
—8— Early o Late
Adrenarche Adrenarche

Additive genetic (A), shared environmental (C), and non-shared environmental (E)
influences on disordered eating across adrenarche status and family socioeconomic status

(SES).

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



Page 19

Mikhail et al.

zg'se— | 6oL | zz | 8o uBaLIBWY UBISY 6 ‘ve— | st | 12| 80 uBaLIBLY UBISY

L&'T- | €6 | 0z | 20- opuedsiH/xueT GG '6T- | eve | 6T | 8T opuedsiH/XueT

U= | vL9 | 607 | vO | (xuneT-uou) ueoLswy uRdLyYoEld 0g's0— | 8T | 60" | 2T | (xune7-uou) ueauswy UBIYYOEIG
Auotuyia/eoey Aoruysa/eoey
10-'¢c- | 6200 | 90 | 2T ayoseusipe x s3s | 20 ‘oc- | ver | 90 | e0- ayoJeudipe X S35
vy ‘oz | 100> | 90" | z€ smels ayoreualpy | vv‘Tz7 | 100> | 90" | €€ Snyels ayo.euRIpY
6T 's0- | 09e | S0 | SO s3as | 60 ‘eT- | e6L | S0 | TO- s3s
LT-'6e— | 100> | 90 | 82— dsasay | 6T-‘0v'- | T00> | 90" | 62- 1dsasa3u)
1D %56 _ d _ as _ d _ a|geIIEeA _ 1D %56 _ d _ as _ d _ algerren

je|1en0D B Se papnjou | 8|nusoRd |ING _ je1/en0D e Se papnjou | JON @|nusdled INg

(S3S) snyers 21Wou0280190S AjiweH

ee vz | 100> | 20 | 62 aiusosad [N g
pg'sT | o0 | 8T | og umouyunIYIO 69 's0 | veo | or | se umouyur/1ayi0
60z~ | otz |ev | so soerououepaiony | vz 'se- | ose | €1 | soo- 2081 U0 LR 210N
wort- | wso | ev | 1e- | wewu veonsurgponouny smey | a8 zrT- | e8r | og | er- UBIpUY UBILIBLY/LIROLIBLLYS SAIEN
vszr- | 908 | vz | oo weouawy veisy | 1y 'sy- | oue | ez | oo ueILIBUIY LISy
svov- | eo6 | 2z | eo owedsipuner | z9'sr- | ez | oz | e onsedsiHyxueT
ot 'vz- | tor | or | vo- | (ume7-uow) ueorsury vearyvpomg | 61 'sr- | ose | ot | 900 | (xume7-uow) ueorisuny vestyyoeig
Aowuyiersoey Aowuypersoey
ez 10~ | 800 |90 | T syoreuaipe x 1AV | vz ‘1000 | o0so' | 90 | v ayoJeUBIPE X |V
6V 'vT T00> | 90" | 9€ SNJels aydJeualpy 16 '9¢ T00> | 90’ 8¢ SNJels aydJeusalpy
60" vT- | ovo' | 90 | eo- lav | trer- | ees | o0 | 200- 1av
67—z~ | 100> | 90 | og- weasawy | 12— ‘vr- | 100> | 90" | ee- wdeosayu)
Pws | d |3s| 9 | aceren | 10%se | d |as| 9 | alqeLIEA
oTe11eA0D B SE ppnjou | 3]1Ue0Rd NG _ oTe11eA0D B SE POpN[oU | JON 3]1US9Rd |ING

abejueapesig pooytoqybiaN

snyeIs ayoJeualpe ssoJoe Bulies palaplosip pue sfelueApesIp UsaMIaQ SUOIRID0SSE Bululwexs ST

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



Page 20

Mikhail et al.

"pap|oq aJe Go'> d e edlubls s10a3
“ueISEaNED/31IYM SI AJ191ULI3/30E) J0) dnouf souaia)ay "xapul ssew Apog = |G ‘aydJeualpe ale| = T ‘aydJseuaipe AjJes = O :aydJeualpe Xapu| uoneaudaq ealy = |AV ‘[apow [sAININW = TN FION

sz | 100> | 20 | sz alnusased (NG
vg st | soo | sT | og umouyun/IayI0 8o 'so | sz0 | ot | o umouyunyIYIO
6z 11— | 009 | zr | oo soviauoueyreiopy | 9z 'oz- | s | er | eo o0w1 8u0 UBy) Siop
gz 'stT- | ez | e | ev- | e veonswypeosuy snmen | og st1- | 60 | se | ee- UBIpUY UBILIBULYJUBILIBLLY SAEN
1D %56 _ d _ 3s _ d _ slqeLIeA _ 1D %56 _ d _ 3s _ d _ slqeLIEA
a7e11er0D © Se pepnjou | 3[1Us0.Bd NG _ aJe1en0D e Se papnioul | JON 8|nUsoRd 1IN

abejuenpesiq pooydoqubiaN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



Page 21

Mikhail et al.

€8G°00GL | €¥6'09SL | GL6°LSYL G50° () 9ez'6 9/6'6TV.L Spow aydJeusipe X S3S pue SIS O ‘pow sydJeusipe v ‘pow S3S 3 ulessuod
€€L°66V.L | ¥60°09SL | SCT'LSvL 8L0° (v) 98e'8 9ZT'6TyL | Pow sydJeusipe J ‘spow sydJeualpe X SIS pue sydJeusipe v ‘pow S3S 3 ulessuod
TS596v. | 880°09SL | TOL'TSVL 118 () 0960 00LTTVL Spouw sydaeuaipe J pue v ‘pow SIS 3 uredsuod
¢LS90GL | 98C°ELSL | 6LV'6SVL €0 (2)seL9 8LYVLTVL Spow aydleusipe X S3S pue SIS 3 ulensuod
CLY'Y0SL | €9€VLSL | 9ET'SSYL 65 (1) 96€°0 9ET'TTVL pow S3S 3 ulensuod
€559°G0S. | 060°69SL | €0L°09vL 610 () z96°6 ¢0L°0¢yL SPOW VY |[e uressuod
08.'8TG. | 8T€¢8SL | 0E6°ELYL | TOO™> (e) 06T°€Z | OEB'EEYL Spowl 3 |[e urensuod
668°'G0G. | 9€¥'69SL | 8YO'TIVL 970 () sog0tT 8V0'Tev.L spow J [[e urensuod
€79'G.G. | 6TT°029L | 8ve+¥S. | T00> | (6) 80S'SOT | 872'91GL uoljesspow oN
spowgns pasaN
8T€'80GL | 98€18SL | OvL'9GYL - - 0ov.L0TV.L epow |jin4
(S3S) sNe1s 21WoU0930190S Ajlle
99G°¢€99 | €T6'¢699 | 9rEC6S9 LEY () ovs'e 9YE S99 pow aydseus.ape 3 ‘spow aydeusipe pue |Gy pue 198je ulew O uledsuod
99€°€€99 | €2L°€699 | GST'E6S9 105 () ose'e 9GT°'9599 pow syd.Jeusipe 3 ‘spoLu sydseuslpe X QY pue gy Pue 19848 Ulew O ulensuod
865°9€99 | CE€T'00L9 | TLC'¥6S9 87 (&) 99v'e ¢L2'vS99 pow ayd.eusipe 3 ‘spow 8ydeusIpe pue |Qy O Urelisuod
€16'9€99 | Lv¥'00L9 | 9891659 Ley (e)osLe 98575599 pow aydJeusipe 3 ‘'spow aydJeusipe X [QV PUe gV O Ulessuod
€0C°0v99 | €16'9049 | 091'G6S9 9.€ (2) vs6'T 09.°€5599 Spow sydleusipe pue |V O ulensuod
TTO'0¥99 | T2L'90L9 | 8959659 1474 @zt 899°€5599 Spow aydJeualpe X |QV pue |Qy D ulensuod
0.57599 | €0T'8TL9 | €¥CCT99 | T0O™> (e) sev'oz | vveelLs9 SpoW V ||e uresnsuo)
T9€2899 | S68'Gv.9 | GEO'0V99 | TOO™> (€) 8zz'sy | ¥£0°0099 Spowl 3 |[e urensuod
TLy'TY99 | v00'S029 | vv1'6659 | 290 | (e)8eeL | v¥I'6S59 SpouW D [[e UresIsu0D
LST'€2/9 | 1€9°29/9 | 625°€699 | 100> | (6) 22L'€TT | 825'G999 uolesspow oN
Sfppowqns pa1seN
¢87'9¥99 | 9vS'6TL9 | L08L6S9 - - 908'7999 ppow |jin4
abejuenpesig pooyoqybisN
o1avs _ olg _ oIV _ d _ @) v X _ uyz- _ 19PN

Author Manuscript

abejueApesIp pue snJelS aydseualpe SS0IJR S|opOLW JuawWwuoliAue X adA1ouab 10} suosiedwod 11 [9POIA

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



Page 22

Mikhail et al.

"pap|og s! uondiosap [apoL BuI-1Saq BY L “30UBLIEA [EJUSULUOIIAUS PaJRYSUOU = J ‘90URLIBA [BIUSLUOIIAUD
paleys = O ‘aoueLIeA 0118UaB BAIIPPR = Y ‘SI01RIBPOW |[B pue syred )M [9poL = [3pOW ||y ‘UOLIBILID UOIBWIoU| ueisakeq palsnipe azis ajdwes = D|gV'S ‘UoL8ILID UoIewIoU| UelsaAeg = O1g
‘UOLIBIID UOITBWIOJU| IEXY = DIV :Po0oy11aX1]-B0] ay3 891m) snulw = Jujz— ‘(S)iorelapow = (S)pow ‘aydseualpe aie| 1oy T ‘aydseualpe AjJes J0j O Papod = aYdJeudIpe ‘Xapu| uoneALidsq ealy = |QY JJON

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



Page 23

Mikhail et al.

'pap|og aJe GO'> & 1e WediIubIs S10a3 sasayluased Ul papn|oul ale Sajew lsa Jajaweled JO S|eAIaIUl 8OUBPILUOD %466 "(UONJRIBUI

juawidojanap X aBejueApesIp ay) “a°1) ayoIeUSIPE SS0.oe aBeILEAPESIP JO S19a8 Builelapow ayy ui sabueyd Bunuasaidal spuadlyaos = AdZg ‘AdAd ‘AdXd ‘s3s AjiweyeBeiueapesip pooyioqubiau Aq
39UBLIEA [EJUSLLUOJIAUS/213USG JO UOIIEIapOW J0) SJUBIoNe09 = AZd ‘AAg *AXd ‘ayaeusipe Aq soUBLIBA [eJUBLULOIIAUG/INIBUSB JO UOIEISPOW 10} SIUBIOILR0d = dZg ‘dAd ‘dXd ‘sioyelapow aus 4o S|ang|
1S3MO| 8U 18 S32UBNJLUI [BIUSLULIOIIAUS PBIRYS-UOU = 8 ‘SI0JRIIPOLL 8U} JO S|9AS] 1SAMO] aY1 Je S30UBN|JUI [BIUSLUUOIIAUS paleys = 3 ‘S101eJapoul 8y} JO S|aA3] 1SAMO| a1 1e Saduan|jul d11aual aAnIppe = v FjoN

(050"- (29v- (ot1-
‘862'-) (0z0'T (sps 'v62°T-) '559'-) (oLe (v (LeL (€86’ bumiy
YT - ‘€9¢") 269 '1807) 9T€’ — 8.8- £8¢- 'S8T°) 81T — — ‘Gee) s8e | ‘oeT) ey | '959) 618 1589
(otr (eeT (9v0'- (tzor (62" (00g (os8
'6€€"-) (Lvzt (852" '8€2-) '68°T-) 'G69'-) (sge’ ‘00%'-) '€92'-) (65" 'e52'-) (eT0T
GIT- ‘992'-) 061" | 'S0Z'-) 92T 150"~ 8T - Lee- ‘00T") ¥¥Z 69T 610" 'S62) LTV 662" 'G/S) ¥6.° | Tepou [Ing
S3S Ajiwe
(185°- (0se-
(529 (os8 ‘2LET-) '056°-) (602'T (S22 (895" (vor
‘66%°) 185" ‘T€€7) T6S" 116~ 0SY'- — '€9G°) 988" — — ‘6Tv’) L6G | ‘€Sy) 0TS — '380°) v
(e6e - (TT2- (v6T (899 (vez
(SeL Wit '€62'T-) '11G6'-) (921" '689°-) (L2171 ‘110-) ‘19T°-) (tys (85" ‘11e-) (2rv
‘€L2) 66 | ‘882-) €IV ev8— 76— 90T - 'v0S°) TY8" 650° €5z’ ‘0827) 0TS | ‘09€) 2L - '960") 692" | Tepow [N

abejuenpesig pooydoqybiaN

adzg asg asg arg ofg oy o | o | e | s | o e IepON

S|apow juswuodiAua X adAlouab Buiy-1seq pue [jn) 10} S31BWINSS J0JRIBPOW pue yied pazipsepueisun

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Psychopathol Clin Sci. Author manuscript; available in PMC 2024 January 01.



	Abstract
	General Scientific Summary
	Methods
	Participants
	Measures
	Zygosity Determination.
	Disordered Eating.
	Disadvantage.
	Adrenarche.
	BMI Percentile.

	Statistical Analyses
	Data Preparation.
	Phenotypic Analyses.
	GxE Analyses.

	Transparency and Openness

	Results
	Sample Descriptives
	Phenotypic Analyses
	GxE Analyses

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

