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Abstract

Background: Childhood maltreatment types can co-occur and are associated with increased
substance use during adolescence and early adulthood. There is also a strong genetic basis

for substance use which interacts with environmental factors (e.g., childhood maltreatment) to
influence substance use phenotype.

Obijective: This research aimed to identify childhood maltreatment sub-groups based on type and
chronicity, and their association with substance use change from adolescence to early adulthood,
while accounting for the influence of substance use polygenic risk (i.e., genetic risk based on the
combined effects of multiple genes).

Participants: We used a sample of unrelated European-origin Americans with genetic and
childhood maltreatment data (7= 2,664) from the National Longitudinal Study of Adolescent to
Adult Health.
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Methods: Latent profile analysis was used for sub-group identification and direct and interaction
effects were tested for longitudinal trajectories of substance use utilizing generalized estimating
equations.

Results: Three sub-groups with co-occurring childhood maltreatment exposures were identified:
a high sexual abuse sub-group, a high physical abuse sub-group, and a normative sub-group (with
low maltreatment exposure). At high polygenic risk, the high physical abuse sub-group had faster
increases in substance use over time. In comparison, the high sexual abuse sub-group had faster
progression in substance use only at low and medium polygenic risk.

Conclusions: Findings provide initial evidence for biological and environmental differences

among maltreatment sub-groups on trajectories of substance use.
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Polygenic Risk Score; Substance Use; Longitudinal; Gene-environment interaction

Childhood maltreatment is associated with increased substance use frequency during
adolescence and early adulthood (Traube, James, Zhang, & Landsverk, 2012), a time
when substance use behaviors are most prevalent in terms of frequency of use (Feinstein,
Richter, & Foster, 2012). Among adolescent victims of childhood maltreatment, substance
use frequency is typically higher than among adolescents without maltreatment exposures
and is linked to subsequent high frequency of substance use in early adulthood (Garner,
Hunter, Smith, Smith, & Godley, 2014; Traube et al., 2012). However, there is significant
inter-individual variability in exposure to childhood maltreatment (Debowska, Willmott,
Boduszek, & Jones, 2017), and these differences in exposure may be differentially related
to substance use outcomes. Research suggests that children with maltreatment exposure
are likely to experience multiple maltreatment types with varying degrees of chronicity
(Debowska et al., 2017). Therefore, it is important to understand the role of multi-type
childhood maltreatment exposures based on differing degrees of chronicity (i.e., how often
the exposure occurred in childhood) on substance use frequency change over time. Such
an evaluation is important because different combinations of maltreatment exposures (based
on type and chronicity) may have differing associations with substance use frequency at
any given time and over time. In addition to social exposures, research also suggests
genetic influences for high substance use frequency (Neiderhiser, Reiss, Hetherington, &
Plomin, 1999). However, few studies have evaluated genetic risk for substance use on the
development of substance use frequency from adolescence to early adulthood within the
context of childhood maltreatment exposure.

The present study will bridge these gaps in current knowledge by evaluating substance use
trajectories from ages 11 to 26 for sub-groups of individuals with different chronicity of co-
occurring childhood maltreatment exposure types. Additionally, a substance use polygenic
risk score (i.e., genetic risk based on a combination of multiple genetic markers) will

be tested as a moderator of the association between childhood maltreatment sub-group
membership and change over time in substance use frequency from adolescence to early
adulthood (ages 11 to 26).
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Childhood Maltreatment and Substance Use

Frequent substance use among adolescent survivors of childhood maltreatment is linked

to high prevalence of substance use frequency during early adulthood (Dubowitz, Roesch,
& Lewis, 2021; Garner et al., 2014). To illustrate, among youth exposed to childhood
maltreatment, there was a 10% increase in substance use frequency during the transition
from adolescence to adulthood (Narendorf & McMillen, 2010). The chronicity of
maltreatment exposure during childhood can further exacerbate substance use frequency
during adolescence and early adulthood (Garner et al., 2014; Narendorf & McMillen,
2010), and substance use may be a coping mechanism for alleviating stress following
childhood maltreatment exposure (Oshri, Tubman, & Burnette, 2012). Studies of childhood
maltreatment effects on trajectories of substance use frequency over time, however, are
limited in number and somewhat mixed in their findings. Whereas some evidence supports
that childhood maltreatment is associated with increases in substance use frequency during
adolescence (Kosty, Seeley, Farmer, Stevens, & Lewinsohn, 2017), others demonstrate that
childhood maltreatment is associated with high stable levels of substance use frequency but
not increases during adolescence (Wilson, Samuelson, Staudenmeyer, & Widom, 2015).

Emotional abuse, physical abuse, and neglect types of childhood maltreatment in particular
have emerged as impactful for substance use frequency during adolescence (Benedini &
Fagan, 2020; Huang et al., 2011; Kisely, Strathearn, & Najman, 2021). Studies evaluating
multi-type childhood maltreatment exposure reveal similar results and illustrate that all
abuse types (physical abuse, emotional abuse, and sexual abuse) impact substance use
frequency during adolescence and young adulthood (Kisely et al., 2021; Rogers, McKinney,
& Asberg, 2018). However, few studies examine the association between multiple co-
occurring childhood maltreatment exposures (based on both type and chronicity of
exposure) and trajectories of substance use frequency from adolescence to early adulthood.
Such an examination will allow us to understand the effects of multiple co-occurring
childhood maltreatment on substance use frequency during critical life periods such as
adolescence and early adulthood when the risk for substance use frequency is the highest
(Park-lee & Tice, 2017).

Substance Use during Adolescence and Early Adulthood

Any substance use during adolescence is considered a problem behavior that has
implications for continued use over time and is detrimental to health outcomes (Fishbein,
Rose, Darcey, Belcher, & VanMeter, 2016; Johnston et al., 2021; Sawyer, Azzopardi,
Wickremarathne, & Patton, 2018; Schulte & Hser, 2013). Substance use frequency among
adolescents typically increases over time, and can persist well into early adulthood (Johnston
et al., 2021). And, 90% of adults with substance use problems report first substance use
experiences during adolescence (Feinstein et al., 2012; Johnston et al., 2021; Sawyer et

al., 2018). Specifically, high substance use frequency during adolescence is associated with
an even higher frequency of substance use during early adulthood (Johnston et al., 2016;
Park-Lee & Tice, 2017). High frequency of substance use can have life-long detrimental
effects on overall health and well-being such as heart disease, cancer, bipolar disorder,
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anxiety, depression, vehicular accidents (Schulte & Hser, 2013) as well as impact adolescent
and early adult brain development (Fishbein et al., 2016).

Given the significance of substance use in adolescence for the continuation of substance
use behaviors in early adulthood, it is important to evaluate the development of substance
use frequency over time from adolescence to early adulthood. Moreover, childhood
maltreatment experiences can be consequential for substance use as a stress-coping
mechanism (Hall, 2016; McKinney & Renk, 2011; Paus, Keshavan, & Giedd, 2010).
Taken together, it is likely that certain combinations of childhood maltreatment can result
in greater stress and a higher likelihood that substance use increases over time from
adolescence to early adulthood. Understanding these associations could lead to more
targeted prevention and intervention efforts for sub-groups with specific constellations

of childhood maltreatment exposures at greater risk for high substance use frequency or
persistent substance use over time during these critical developmental periods.

Genetic Risk for Substance Use

In addition to social environment exposures, such as child maltreatment, research also
suggests genetic influences for substance use frequency (Bierut, 2011; lacono, Carlson,
Taylor, Elkins, & McGue, 1999; Neiderhiser, Marceau, & Reiss, 2013; Rende &
Slomkowski, 2008; Trucco, Madan, & Villar, 2019). Recent advances in molecular genetics
and genome-wide association studies have demonstrated that genetic risk for most complex
phenotypes such as substance use are polygenic in nature (i.e. combined effect of multiple
genes; Maier, Visscher, Robinson, & Wray, 2017). A majority of genome-wide association
studies have been conducted with individuals of European ancestry and it is recommended
to conduct such analysis separately by ancestry due to population stratification or differences
in allelic inheritance. Further, it has been shown that polygenic scores trained with a specific
ancestry type do not always perform well for individuals of a different ancestry (Braudt &
Harris, 2018; Dudbridge, 2013).

There is also evidence suggesting that genetic influences continually interact with
environmental factors to predict substance use outcomes (e.g., G x E). Genetic studies

of substance use have demonstrated the moderating effects of genetic risk for substance

use on the association between environmental stress (e.g., harsh parenting, parental warmth,
deviant peer affiliation) and substance use frequency particularly in samples of individuals
of European descent (Creemers et al., 2011; Gorwood et al., 2012; Harden, Hill, Turkheimer,
& Emery, 2008; Neiderhiser et al., 1999; Salvatore, 2018). Given the litany of problems,
such as cardiovascular disease, poor mental health, injuries, accidents, and cancers, that

are associated with early and frequent substance use (Schulte & Hser, 2013), the role

of polygenic risk for substance use in the association between childhood maltreatment
exposure and subsequent substance use frequency change over time needs further evaluation.

According to the diathesis-stress models (Ingram & Luxton, 2005; Sigelman & Rider,
2009), high biological risk and high environmental stress interact to synergistically result in
negative outcomes such as high substance use frequency. For example, negative parenting
and genetic risk can interact to produce stronger substance use phenotypes (Creemers et
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al., 2011). However, this theoretical model also posits that the presence of biological
vulnerabilities alone is not sufficient for negative outcomes. It is the interaction of
impoverished environments and biological predispositions that results in specific negative
outcomes. Further, different environmental adversities interact differently with biological
predispositions (Belsky & Pluess, 2009; Ingram & Luxton, 2005). Therefore, in this study,
we expect that more chronic exposure to certain types of childhood maltreatment exposures
(specifically physical abuse, emotional abuse, and neglect as identified by previous research;
Huang et al., 2011) will interact with genetic risk for substance use to produce greater initial
substance use frequency and increases over time in substance use frequency until early
adulthood (i.e., until age 26).

Study Aims

Methods

Participants

The present study builds on and extends previous research and theory by addressing two
primary aims. The first aim is to assess the association of childhood maltreatment sub-group
membership - determined by the chronicity (frequency) of exposure to multiple types of
maltreatment - with change over time (or trajectory) in substance use frequency from
adolescence into early adulthood (from ages 11 to 26). It is hypothesized that childhood
maltreatment sub-groups with more chronic physical abuse, emotional abuse, and neglect
will have increases over time in substance use frequency from ages 11-26 consistent with
prior literature.

The second aim is to examine substance use polygenic moderation of the association
between childhood maltreatment sub-group membership with change over time in substance
use frequency from adolescence into early adulthood (age 11-26). It is hypothesized that
high polygenic risk for substance use will exacerbate change over time for all maltreatment
exposures but will be most critical for sub-groups with more chronic exposures to physical
abuse, emotional abuse, and neglect. To our knowledge, no previous study has evaluated the
synergistic association of multiple childhood maltreatment sub-groups and genetic risk for
substance use on substance use trajectories from adolescence to early adulthood.

The data for this study come from The National Longitudinal Study of Adolescent to Adult
Health (Add Health; Harris, 2013). Add Health is a longitudinal panel study of adolescents
(V= 20,743) between 7th and 12th grade at the first wave of data collection (1994-95).
Three additional waves of data were conducted wave 2: 1996, wave 3: 2001-2002, and
wave 4: 2008-2009. Wave 2 was conducted a year after Wave 1 completion and the sample
for Wave 2 included 7t to 11t graders who were in the study at wave 1 and a special
sub-sample of 12t graders who were part of the genetic/adoption studies. In subsequent
waves, original wave 1 respondents were included in the sample. Data were collected

using paper-based, face-to-face and computer-assisted in-person interviews. The Add Health
sampling design is a multiple-stage, school-based (clustered), stratified design with unequal
selection probabilities of observations (i.e. certain minority groups were oversampled). Out
of the core sample, 12,234 participants agreed to the archival of DNA data (dbGaP accession
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phs001367.v1.pl; Braudt & Harris, 2018). The present study utilizes a sub-sample of 2,664
unrelated European Americans from the DNA archival data, who also had retrospective
childhood maltreatment reports at waves 3 and 4. We restricted the sample to European
Americans as prescribed by Add Health researchers and previous genetic studies due to
differences in the inheritance of allele frequency based on ancestry and due to evidence that
polygenic scores created from original studies of European ancestry do not perform well

in samples of individuals from other different ancestry (Braudt & Harris, 2018; Dudbridge,
2013). Therefore, it will be important for future research to evaluate the aims of this study
with more racially and ethnically diverse samples.

Child Maltreatment.—Retrospective measures assessing child maltreatment exposure:
physical abuse (e.g., “How often had your parents or other adult care-givers slapped, hit,

or kicked you?”), sexual abuse (e.g., “How often had one of your parents or other adult care-
givers touched you in a sexual way, forced you to touch him or her in a sexual way, or forced
you to have sexual relations?”), emotional abuse (e.g., “How often did a parent or other
adult caregiver say things that really hurt your feelings or made you feel like you were not
wanted or loved?”), and neglect (“How often had your parents or other adult care-givers not
taken care of your basic needs, such as keeping you clean or providing food or clothing?”)
prior to age 18 were administered at waves 3 and 4. Two items were used to assess neglect
(at wave 3), one item assessed sexual abuse (at waves 3 and 4), one item assessed physical
abuse (at waves 3 and 4), and one item assessed emotional abuse (at wave 4). All items were
measured with a frequency count (i.e. measure of chronicity) for each maltreatment type and
coded on intervals (e.g., 1 = one time, 2 = two times, 3 = three to five times, 6 = six to ten
times, 11 = more than 10 time). Mean scores across items and waves for sexual and physical
abuse and across items for neglect were created. These mean scores were subsequently

used in a latent profile analysis to create sub-groups of individuals with exposure to similar
types and chronicity of childhood maltreatment. Retrospective reports have been used in
previous research to understand the impact of adverse childhood experiences, including
child maltreatment, on health (Suglia, Clark, Boynton-Jarrett, Kressin, & Koenen, 2014) and
health behaviors (i.e., substance use behaviors; Hughes et al., 2017).

Substance Use.—Self-reported use of marijuana and other drug use (LSD, PCP, ecstasy,
mushrooms, speed, ice, heroin, and pills) within the last 30 days was reported at waves 1-3
wherein participants reported the number of times they used these substances. Alcohol use
(waves 1-3) was assessed by 12-month use and re-scaled to 30-day use. Responses of 30
or more times were top-coded at 30. Alcohol use (waves 1-3) was originally assessed by
12-month use and were originally coded as: 0 = “never”, 1 = “once or twice”; 2 = “once a
month”; 3 = “2-3 days a month”; 4 = “once or twice a week”, 5 = “3-5 days a week”; 6

= “nearly every day”. Alcohol items were re-coded as count variables (so that they would
be on the same scale as marijuana and illicit drug) to assess monthly use. The revised
coding included: 0 = “never”; 1 = “once a month”; 2 = “2-3 days a month”; 4 = “4-8

days a month” (recoded original coding of once or twice a week to approximate number

of days in a month); 12 = “12-20 days a month” (recoded 3 to 5 days a week to reflect

the approximate number of days in a week); and 30 = “30 plus days a month” (recoded all
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responses of nearly every day). The alcohol use scale was treated as a continuous variable
and conservative values for monthly use were estimated so that alcohol use frequency
would be similar to the other two substances (i.e., an estimation of the number of times

on average the respondent used alcohol in a month). An average substance use scale was
created to assess the average monthly substance use at each wave. The creation of this
average substance use scale mimicked that from previous research used to evaluate overall
substance use (Litwiller & Brausch, 2013; Park-lee & Tice, 2017), with higher frequency of
use (assessed by number of times per month) indicating more substance use behaviors.

Substance Use Polygenic Risk Score.—The Add Health genetic data (dbGaP
accession phs001367.v1.pl) at wave 3 were used in the present research (genotype platform
used: Illumina HumanOmnil-Quad chip and the imputation data are from the HRC

r1.1 2016 reference panel). Single nucleotide polymorphisms (SNPs) for genes related

to substance use were used to create a substance use polygenic risk score. Specifically,
genome-wide significance levels p < 5 x 1078 (from the original genome-wide association
studies), were used to identify SNPs for inclusion in the substance use polygenic risk score
from multiple genome-wide association studies. SNPs were selected from 18 genome-wide
studies of substance use, alcohol use, marijuana use, illicit drug use, and substance use
biomarker related phenotypes to create one single genetic risk index for substance use (See
supplemental Table S1 for a full list of studies used for the initial list of SNPs selected).
Fifteen SNPs from 14 genes (and 5 genome-wide studies) were included after quality control
steps were undertaken as prescribed in extant research (Marees et al., 2018). Quality control
steps and computation of polygenic risk score are detailed in supplementary materials. The
number of alleles for all SNPs that were indicated in the genome-wide association studies
as related to higher frequency of substance use (i.e., effect allele) were multiplied with the
corresponding Cohen’s D effect size estimates using the same procedure. Subsequently,
estimates from all the SNPs were pooled (summed) to obtain a single risk score for
substance use for each participant. See supplemental table S2 for a list of genes, SNPs,
effect alleles, and corresponding effect size estimates used to create the polygenic risk score.

Covariates.—Biological sex (1 = Male, 0 = Female) and parental years of education were
included as covariates. The respondent’s highest educational attainment (years of education)
was also included as a covariate. Covariates were selected to account for confounding

and only included those variables that were not causally linked from the predictor to the
outcome variables (or mediators; Weng, Hsueh, Messam, & Hertz-Picciotto, 2009). Sample
descriptive statistics are described in Table 1.

Analytic Strategy

Step 1 Latent Profile Analysis.—Latent profile analysis (Lanza & Cooper, 2016) was
used to determine homogenous sub-groups experiencing similar combinations of childhood
maltreatment. Respondents were categorized into subgroups based on similar exposures to
emotional abuse, neglect, sexual abuse, and physical abuse. These subgroups were used as
predictors of the substance use levels in early adolescence and change over time. Three sub-
groups emerged from the latent profile analysis, including a normative sub-group with low
maltreatment exposure, which was the reference sub-group across all subsequent analytic
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models (described in detail below in the results section). AIC, BIC, adjusted-BIC, and
entropy were used to discern the best class solution as well as replication of models when
the number of random starts were increased (i.e., if the models converged on a global
solution).

Step 2 Substance Use Trajectory.—Substance use frequency change was assessed
using linear trajectory models to obtain population-level trajectories for substance use. An
intercept was centered at age 11 and the average annual change in substance use frequency
was estimated from ages 11 to 26 (i.e., change in substance per year each year or slope;
Model 1). Model constraints were used such that age in years was the unit of time. This
was done to understand age related yearly development of substance use. For instance,

if an individual started the study at age 14 and was age 23 at wave 3, their substance

use trajectory was estimated using the ages at which they were observed. Therefore, each
individual’s trajectory was based on their age at the beginning of the study until their age
at wave 3 and then information across all individuals was pooled. Substance use trajectories
were then conditioned on the maltreatment sub-groups that emerged from the latent profile
analysis to get subpopulation estimates of change over time in substance use for each
sub-group (unconditional model with no covariates).

Step 3 Hypothesis Testing.—In step three, we estimated the direct association of the
childhood maltreatment sub-groups and substance use polygenic risk score, with substance
use levels (at age 11) and average annual change over time until age 26 while accounting
for the effects of all covariates on both levels and change of substance use over time
(Model 2). Next, the substance use polygenic risk score was evaluated as a moderator of
the association between sub-groups of childhood maltreatment exposures and substance
use levels and change (Model 3) using an interaction between polygenic risk score and
maltreatment subgroups. Maltreatment associations with substance use trajectories were
probed at different levels of genetic risk: high (+1 SD above the mean), low (-1 SD below
the mean) and medium (mean levels for the sample; Aiken, West, & Reno, 1991). All
covariates were included for Model 3 as well.

SAS statistical software was used for data preparation, Plink v1.9 was used for cleaning

and coding genomic data, and Mplus v.8 (Muthén & Muthén, 2020) statistical software was
used for estimation of analytic models. A maximum likelihood estimator and an integration
algorithm was used in Mplus (Muthén & Muthén, 2020) to obtain estimation with robust
standard errors in the presence of missing data. Add Health created sampling weights were
applied to correct for unequal selection bias and a cluster sandwich estimator was used to
correct for school-level clustering of individuals (Binder, 1983; Chen & Chantala, 2014). All
predictor variables and covariates were grand mean centered prior to analysis for the analytic
model.

Post-hoc Models.—Model 3 was also tested separately in post-hoc models for two of
the most commonly used substances in adolescence and early adulthood — alcohol and
marijuana.
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Results

Step 1: Latent Class Analysis.

A three sub-group solution was considered optimal for the latent profile analysis. Model

fit statistics are summarized in Table S3. The three sub-group solution had better overall
model fit statistics compared to the two sub-group solution and replicated when random
starts were increased. The four sub-group solution did not replicate when random starts were
increased. Sub-groups labels were applied for the three sub-group solution and were based
on exposure to childhood maltreatment type and frequency. Sub-group 1: Sub-group with
high levels of sexual abuse and moderate physical abuse, emotional abuse and neglect (n =
62 or 2.3%,; high sexual abuse sub-group); Sub-group 2: Sub-group with high physical abuse
and moderate levels of neglect and emotional abuse (h = 263 or 9.9%; high physical abuse
sub-group); and Sub-group 3: Sub-group with low frequency of all maltreatment types (n

= 2,339 or 87.8%; normative sub-group). Figure 1 shows the exposure frequency for each
maltreatment type for the subgroups.

We also tested if exposure to different types of maltreatment frequencies differed across the
three sub-groups. The results from this analysis are summarized in supplemental Table S4.
The high sexual abuse sub-group and the high physical abuse sub-group had significantly
higher frequency of all maltreatment types compared to the normative sub-group. The

high sexual abuse sub-group had significantly higher frequency of childhood sexual abuse
exposure and significantly lower frequency of childhood physical abuse exposure compared
to the high physical abuse sub-group, but both these sub-groups had similar levels of
childhood emotional abuse and neglect exposures. Correlations among study variables is
summarized in supplemental Table S5.

Step 2: Substance Use Trajectory.

On average, adolescents (i.e., the entire sample) reported an increase in substance use
frequency by 0.21 per year from age 11 to 26 (p= < 0.001). Based on this trajectory, by
age 26, respondents were using substances 2.5 times on average every month. There were
maltreatment sub-group specific differences in frequency of substance use trajectories over
time. Substance use frequency trajectories by each sub-group is presented in Figure 2.

On average, the normative sub-group (B = 0.16; p< 0.001) and the high sexual abuse
sub-group (B = 0.29, p=0.06) had increases over time in substance use frequency each
year from adolescence to early adulthood in the unconditional model (i.e., model without
any covariates). In contrast, on average, the high physical abuse sub-group did not have
change in substance use frequency over time in the unconditional model (§ = 0.03, p=
0.65). However, there was notable variance in substance use frequency change over time (or
slopes) for the normative sub-group (o = 20.74, p < 0.001), high sexual abuse sub-group (o
=10.64, p=0.001), and high physical abuse sub-group (¢ = 30.71, p< 0.001).

Step 3: Hypothesis Testing.

Results from Models 2 and 3 for substance use frequency are summarized in Table 2.
Neither maltreatment sub-group experienced change over time in substance use frequency
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that was different compared to the normative sub-group after controlling for substance use
polygenic risk score and other covariates. However, in Model 3, there was an interaction
between substance use polygenic risk score and high physical abuse sub-group as well as an
interaction between substance use polygenic risk score and high sexual abuse sub-group for
average substance use frequency trajectories.

Specifically, at low (B = 0.21, p = 0.23), medium (p = 0.21, p = 0.89), and high (p = 0.21,

p = 0.31) polygenic risk for substance use, members of the high sexual abuse sub-group did
not have an initial substance use frequency different than 0. Similarly, at low (p = 0.35, p =
0.02; see Figure 2.4) and medium (B = 0.34, p = 0.01; see Figure 2.5) but not high (f = 0.34,
p = 0.73; see Figure 2.5) polygenic risk, the high physical abuse sub-group had an initial
substance use level that was different from 0.

At low ( =0.21, p< 0.01), medium (B = 0.19, p=0.01), and high levels (§ = 0.17, p=0.08
Figures 3-5) of polygenic risk for substance use, there was a positive association (albeit a
marginal association at high levels) between membership in the high sexual abuse sub-group
and substance use frequency change over time. Additionally, at high levels of substance use
polygenic risk, there was a positive association between the high physical abuse sub-group
members (B = 0.21, p< 0.01; Figure 5) and substance use frequency change over time.

To elaborate, at high, medium, and low levels of polygenic risk score, the high sexual abuse
sub-group reported increases in average monthly substance use frequency over time. The
high sexual abuse sub-group had the highest increases in average monthly substance use
frequency at low levels of polygenic risk with an approximate 0.61 increase in average
monthly use per year. In comparison, the high sexual abuse sub-group had slower increases
in average monthly substance use frequency at high levels of polygenic risk score with
approximately 0.25 increase in average monthly substance use frequency per year. At
medium polygenic risk for substance use, the high sexual abuse sub-group had a 0.43
average monthly increase per year. Moreover, the rate of change in substance use frequency
over time for the high sexual abuse sub-group was higher than the normative sub-group at
low and medium levels of polygenic risk.

The high physical abuse sub-group demonstrated increases in substance use frequency only
at high polygenic risk for substance use. The yearly increase in average monthly substance
use frequency was 0.38. The high physical abuse sub-group had the strongest/highest
increases in substance use frequency at high polygenic risk score compared to the other
two sub-groups at high genetic risk. The effect size estimate for average monthly substance
use frequency increases per year were small to medium for the high sexual abuse sub-group
and medium for the high physical abuse sub-group.

Post-hoc Models—Results from Model 3 for the frequency of specific substance

(i.e., alcohol and marijuana) use are summarized in supplementary materials as well as
supplementary Tables S6-S7 and Figures S1-S2. There were increases in monthly alcohol
use over time for the high sexual abuse sub-group at low and medium levels of polygenic
risk but not at high levels of polygenic risk. At high polygenic risk for substance use, the
high physical abuse sub-group had average monthly increases of 1.14 times in marijuana
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use frequency and the high sexual abuse group had average monthly decreases of 0.77 in
marijuana use frequency per year.

Discussion

This study identified co-occurring maltreatment subgroups based on both type and
chronicity of exposure in order to address two main hypotheses. First, it was hypothesized
that maltreatment sub-groups with more chronic physical abuse, emotional abuse, and
neglect would have increases over time in substance use frequency (Hypothesis 1). Second,
it was hypothesized that a high substance use polygenic risk score — indicating greater

risk for substance use phenotype — would exacerbate substance use change over time for
all maltreatment exposures but would be most critical for sub-groups with more chronic
exposures to physical abuse, emotional abuse, and neglect (Hypothesis 2).

Childhood Maltreatment Sub-groups

We identified three sub-groups of co-occurring multi-type childhood maltreatment (high
physical abuse sub-group; high sexual abuse sub-group, and normative sub-group) and
these findings map onto previous research with a different national sample of middle-aged
adults that examined retrospective childhood maltreatment exposure based on both type and
chronicity of exposure (Authors, 2019). In this study, we found sub-groups of co-occurring
childhood maltreatment exposures based on retrospective reports in a national sample of
young adults that were similar to previous studies.

The maltreatment sub-groups identified indicate that certain co-occurring maltreatment
exposures may be recalled more frequently among individuals compared to others. A
large body of literature on trauma-focused research indicates that events that are perceived
as more traumatic are often remembered or recalled throughout life and can be more
detrimental for lifelong outcomes such as substance use (Center for Substance Abuse
Treatment, 2014). Therefore, it is likely that the recollection of specific co-occurring
childhood maltreatment exposures may largely depend on the trauma induced by such
experiences and could potentially be more detrimental for negative outcomes, even though
other forms of childhood maltreatment (e.g., physical neglect) are more prevalent forms
(Olson & Stroud, 2012).

Childhood Maltreatment and Substance Use Trajectory

In line with previous research, we also find overall increases in substance use frequency
over time from adolescence to early adulthood in the unconditional model (L D Johnston
et al., 2016). Specifically, adolescents in the full sample reported a substance use frequency
of 1.44 times per month at age 11 and approximately 4.7 times by age 26. Given that

high levels of substance use frequency during adolescence are associated with high levels
of substance use frequency in early adulthood (Johnston et al., 2016; Park-Lee & Tice,
2017), our findings reiterate the importance of adolescence as a developmental period for
substance use development over time. However, in model 2 neither maltreatment sub-group
had an initial substance use frequency that was different than 0 or a change in substance
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use frequency over time. Therefore, hypothesis 1 was not supported. Nonetheless, there were
significant interaction effects in support of hypothesis 2 which are discussed below.

Childhood Maltreatment x Substance Use Polygenic Risk Score

Findings for High Physical Abuse Sub-group—Based on results from previous
research (Huang et al., 2011), it was anticipated that individuals who had chronic exposure
to a combination of physical abuse, emotional abuse, and neglect would demonstrate the
most detrimental substance use trajectory over time particularly at high genetic risk. We
found that members of the high physical abuse sub-group who reported high chronicity

of co-occurring physical abuse and moderate chronicity of emotional abuse and neglect
exposures had the most detrimental substance use development over time at high (+1 SD)
substance use polygenic risk. This finding is consistent with the diathesis-stress framework
(Ingram & Luxton, 2005; Sigelman & Rider, 2009), and indicates that combined exposure
to physical abuse, emotional abuse, and neglect, together with high genetic risk or biological
predisposition towards substance use, act in an interactive manner to influence substance
use development during critical developmental periods (i.e., from adolescence to early
adulthood).

A closer examination of specific substances used helped further clarify the findings from
hypothesis 2 for the high physical abuse sub-group. To illustrate, the high physical abuse
sub-group at high genetic risk displayed similar patterns for marijuana use change over time
(i.e., similar to the overall substance use trajectory at high genetic risk). Members of the
high physical abuse sub-group demonstrated faster increases in marijuana use frequency at
high genetic risk for substance use in comparison to the other sub-groups and marijuana use
for this sub-group may be propelling the overall substance use trajectory at high genetic risk.

Drug use, including marijuana use, may require some personal affinity towards seeking
out those substances. Even though recreational marijuana use is currently legal in a few
states in the U.S., it remains illegal in a majority of states and at the federal level.
Moreover, the three waves of data used in this study come from a time period when the
recreational use of marijuana was illegal across all states. It can be speculated that seeking
out illegal substances may be rooted in a biologically affinity or desire towards using

such illicit substances. Therefore, a broader biosocial model of development is critical for
understanding how maltreatment exposures such as those experienced by the high physical
abuse sub-group transmit their influence on substance use frequency over time.

Findings for High Sexual Abuse Sub-group—Contrary to the findings for the high
physical abuse sub-group, the findings for hypothesis 2 for the high sexual abuse sub-group
largely point towards a stronger and more ubiquitous influence of the social environment on
substance use development. Specifically, the high sexual abuse sub-group had increasing
substance use frequency over time across all levels of polygenic risk and the overall
substance use trajectories for this sub-group may largely be driven by their alcohol use
frequency over time. Given, alcohol is more socially acceptable and is available for legal
purchase, it may be used more frequently by members of the high sexual abuse sub-group

to alleviate the trauma associated with sexual abuse experiences. Since the high sexual abuse
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sub-group demonstrated increases in substance use and alcohol use over time at all levels of
genetic risk, their substance use behaviors may not depend as much on genetic risk but more
on their exposure to sexual abuse - especially for individuals in the sexual abuse sub-group
who had average or low genetic risk because these individuals had the fastest increases

in substance use over time. It is important to keep in mind that the sample size for the

high sexual abuse sub-group at all levels of genetic risk may be too small to capture the

true association between the high-sexual abuse sub-group membership and substance use at
levels of genetic risk. Replication of these findings will be necessary in larger samples with
similar child maltreatment exposures as the high sexual abuse sub-group.

A potential explanation for such maltreatment-related substance and alcohol use change over
time could be the presence of other psychological mechanisms. It has been well-established
in previous literature that childhood sexual abuse is associated with high levels of trauma
as well as internalizing and mental health problems throughout life (Murray, Nguyen, &
Cohen, 2014). Victims of childhood sexual abuse may use alcohol as a coping mechanism
to deal with the trauma, distress, and psychological burdens of sexual abuse. The easy
availability of alcohol could further add to this problem. Additionally, as members of this
sub-group develop a tolerance for alcohol, they may increase their alcohol use frequency
over time to get the same feelings of “high” as before (Sinha, 2008). However, these
mechanisms linking the high sexual abuse sub-group to substance use and alcohol use
frequency increases over time are merely speculative and will need examination in future
research.

It will also be imperative for future research to examine additional pathways to better
understand the association between high sexual abuse sub-group membership and substance
use (and use of specific substances) while accounting for genetic risk. Findings from
previous research have shown that sexual abuse sub-group membership may be associated
with depressive symptoms in adulthood via psycho-social pathways and in comparison, the
high physical abuse sub-group was associated with depressive symptoms through biological
pathways (Authors, 2019). In fact, we do find that biological (i.e., genetic) pathways were
particularly salient for the high physical abuse sub-group and were associated with increases
in substance use frequency over time. Similarly, it is likely that psychosocial factors may
explain the associations between high sexual abuse sub-group membership and substance
use frequency over time.

In summary, mitigation efforts for the high sexual abuse sub-group can be focused on
prevention of substance use and alcohol use, and can be implemented uniformly for

all individuals (Torkamani, Wineinger, & Topol, 2018) who report similar maltreatment
exposures since increases over time for substance use in this sub-group are most likely
linked to environmental risks. However, for the high physical abuse sub-group, future
prevention efforts should increase the dosage of intervention for individuals who have high
genetic risk (Torkamani et al., 2018) for substance use since this sub-group of individuals
experience a double dose of risk (i.e., maltreatment x high genetic risk).
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It should be noted that these findings have several limitations. First, this study is restricted
to those with European American ancestry. Although the large sample size of this study and
the use of survey methods (weight and clustering) correct for selection bias and allow us to
generalize findings for substance use patterns from adolescence to early adulthood among
European Americans, replication of findings will be necessary with other ancestral groups.
Several genome-wide association studies are currently being conducted to understand genes
that may carry a risk for substance use in different ancestral groups and should be utilized in
future research.

Second, we use SNPs from multiple genome-wide association studies to capture substance
use genetic risk. It is still likely that the substance use polygenic risk score does not
encompass genetic risk for substance use entirely (i.e., lack of coverage for substance use
phenotype and may be underpowered). Therefore, replication of these findings with the
same gene set in different samples and using extended gene sets is imperative. Third, we
use retrospective childhood maltreatment data, which may suffer from under-reporting, does
not provide information on timing of exposure, and does not indicate Child Protective
Services substantiated childhood maltreatment exposure. However, previous research has
shown a strong link between retrospective maltreatment reports and health outcomes
throughout life (Suglia, Clark, Boynton-Jarrett, Kressin, & Koenen, 2014). Moreover, there
is also a moderate association between prospective and retrospective reports of childhood
maltreatment (Tajima, Herrenkohl, Huang, & Whitney, 2004), with retrospective reports
typically downwardly biased (i.e., under-reported; Ferraro, Schafer, & Wilkinson, 2016).
Nonetheless, future studies should use prospective childhood maltreatment exposure data
and compare their findings to those of the present research. Finally, the use of secondary
data does not allow for understanding more problematic substance use such as substance use
disorders or addictions. Future research should evaluate the aims of the present study with
clinical samples of individuals with more problematic substance use behaviors.

Conclusion

Despite these limitations, the present study has numerous strengths. This study provides an
initial understanding of 1) how a combination of childhood maltreatment exposures interacts
with genetic risk for substance use to influence the progression of substance use frequency
over time, and 2) which combination of childhood maltreatment exposures by themselves
may be detrimental for substance use over time even when genetic risk is low. The findings
of this research are, therefore, unique and establish that maltreatment exposures similar to
those of the high physical abuse sub-group may be more biologically linked to substance
use progression over time. Whereas findings for the high sexual abuse sub-group illustrate a
more pervasive influence of environmental factors over genetics.

With polygenic risk scores becoming more commonly used to predict susceptibility to
specific negative phenotypes including substance use frequency (i.e., Torkamani et al.,
2018), the inclusion of such a probabilistic model based on genetic susceptibility can be
particularly critical for understanding their interactive influence with adversity on changes in
outcomes over time and could lead to more tailored prevention efforts in the future.
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Figure 1.
Subgroups of childhood maltreatment based on types and chronicity of exposure.
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Change over time in substance use frequency for the three maltreatment sub-groups at a) low

levels of substance use polygenic risk score (i.e., =1 SD).
Note: trajectories at a <= 0.05 are denoted by * and 0.10 are denoted by +
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Figure 4.
Change over time in substance use frequency for the three maltreatment sub-groups at

average levels of substance use polygenic risk score (i.e., mean).
Note: trajectories at a <= 0.05 are denoted by * and 0.10 are denoted by +
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Figure 5.
Change over time in substance use frequency for the three maltreatment sub-groups at high

levels of substance use polygenic risk score (i.e.,+1 SD).
Note: trajectories at a <= 0.05 are denoted by * and 0.10 are denoted by +
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Table 1.

Sample Descriptive Statistics (n = 2,664)

Key Variables Mean Std. Dev
Sexual abuse 0.31 1.56
Physical abuse 1.47 3.13
Emotional abuse 2.22 3.61
Neglect 1.83 3.70
Age Wave 1 16.10 1.69
Age Wave 2 16.16 1.60
Age Wave 3 21.93 1.75
Substance Use Polygenic Score 0.13 0.05
Substance Use Frequency Wave 1 4.29 9.27
Substance Use Frequency Wave 2 5.30 10.31
Substance Use Frequency Wave 3 6.96 10.58
Parent Education (in years) 13.28 2.33
Respondent Education (in years) — 14.27 2.10
Percentages Mean Std. Dev
Gender: Male 47.22% 0.49
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Table 2

Page 25

Association of maltreatment sub-groups and genetic risk with initial frequency and change in frequency of
substance use over time

Substance Use Frequency at Age 11

Model 2 (substance use frequency)

Model 3 (substance use frequency)

B s.e p B s.e p

High Sexual Abuse Sub-group -0.04 0.04 0.23 -0.19 0.03 0.45
High Physical Abuse Sub-group 0.10 0.07 0.15 0.12 0.07 0.11
Substance Use Polygenic Risk Score -0.09 0.04 0.03 -0.05 0.05 0.26
Respondent Education (in years) -0.12 0.07 0.08 -0.13 0.07 0.05
Parent Education (in years) -0.01 0.07 0.91 0.03 0.07 0.64
Biological Sex -0.07 0.05 0.19 -0.07 0.05 0.14
gg(g)?eSexual Abuse Subg-roup*Substance Use Polygenic Risk ) } ) 0.06 0.01 0.00
High Physical Abuse Sub-group*Substance Use Polygenic Risk ) ) ~0.15 001 0.00
Score

Substance Use Frequency Change Over time B s.e. p B s.e. p
High Sexual Abuse Sub-group 0.05 0.04 0.22 0.03 0.03 0.34
High Physical Abuse Sub-group -0.06 0.06 0.30 -0.07 0.06 0.24
Substance Use Polygenic Risk Score 0.05 0.04 0.23 0.01 0.04 0.90
Respondent Education (in years) 0.05 0.06 0.45 0.06 0.06 0.33
Parent Education (in years) 0.21 0.04 0.00 0.23 0.04 0.00
Biological Sex 0.03 0.06 0.64 0.00 0.05 0.97
High Sexual Abuse Sub-group*Substance Use Polygenic Risk - - - -0.03 0.06 0.02
Score

High Physical Abuse Sub-group*Substance Use Polygenic Risk - - - 0.11 0.05 0.02

Score
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