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Abstract

Childhood maltreatment (CM) and adverse childhood experiences (ACEs) are two primary forms of interpersonal victimization that
have been associated with a host of deleterious health outcomes. Studies over the past decade have begun to use a range of
biologically informed methods to better understand the role biology plays in the relationship between CM, ACEs, and later life
outcomes. This line of research has shown that both forms of victimization occur at sensitive periods of development, which can
increase the likelihood of “getting under the skin” and influence health and behavior across the life course. This review examines the
current state of knowledge on this hypothesis. One hundred and ninety-nine studies are included in this systematic review based on
criteria that they be written in English, use a biologically informed method, and be conducted on samples of humans. Results reveal
that latent additive genetic influences, biological system functioning captured by biomarkers, polygenic risk scores, and neurobio-
logical factors are commonly associated with exposure and response to CM and ACEs. The implication of these findings for the

existing body of research on early life victimization and recommendations for future research and policy are discussed.
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Biopsychosocial research on the correlates and consequences
of victimization has grown at a rapid rate over the past two
decades (Fazel et al., 2018). Multiple methodological tech-
niques from the biopsychosocial perspective, including twin
and sibling designs, biomarker assessments, candidate gene
approaches, genome wide association studies (GWAS), epige-
netics, and neurobiological analyses have been used to study
victimization (Cassiers et al., 2018; Cecil et al., 2020; Deighton
et al., 2018). These biologically informed methods have
expanded our understanding of individual-, family-, and
neighborhood-level correlates and consequences of various
forms of interpersonal victimization (Barnes & Beaver, 2012;
Blanco et al., 2015). Within this body of research, two forms of
interpersonal victimization have received considerable empiri-
cal attention: childhood maltreatment (CM) and adverse child-
hood experiences (ACEs; Deighton et al., 2018). Taken
together, contemporary research on CM and ACEs suggests
that these experiences may have long-lasting effects because
they occur during sensitive developmental time periods where
they are more likely to “get under the skin,” thus resulting in a
range of negative health and behavioral outcomes throughout
the life course (Dunn et al., 2020; Taylor et al., 1997). These
potential consequences include depression (Dennison et al.,

2016), anxiety (Fonzo et al., 2010), post-traumatic stress dis-
order (Herzog et al., 2020), substance abuse (Van Dam et al.,
2014), delinquency (Connolly & Kavish, 2019), criminal beha-
vior (Vaske et al., 2012), and future victimization (Tanksley
et al., 2020).

Several reviews have examined the relationship between
biological factors, CM, and ACEs including the effect of latent
additive genetic and environmental influences (Koenen et al.,
2008), biological systems captured through measured biomar-
ker activity (Deighton et al., 2018), single-nucleotide poly-
morphisms (SNPs; Maglione et al., 2018), polygenic scores
(Anand et al., 2015; Gerritsen et al., 2017), DNA methylation
(Cecil et al., 2020), and neurobiological structures (Cassiers
et al., 2018; Herzog & Schmahl, 2018). For example, Cecil
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et al. (2020) systematically reviewed 72 studies assessing the
effects of CM on DNA methylation. Results showed that CM
experiences were associated with small, albeit statistically sig-
nificant, alterations in DNA methylation. Maglione et al. (2018)
conducted a similar review of 31 studies evaluating the relation-
ship between CM and several negative psychopathological out-
comes within the context of genetic risk measured through
candidate genes. Their findings showed that CM is positively
associated with antisocial misconduct, depression, internalizing
symptoms, borderline personality disorder, and neuroticism in
the presence of specific candidate genes (i.e., monoamine oxi-
dase A [MAOA], serotonin-transporter-linked promoter region
[S-HTTLPR], corticotropin-releasing hormone [CRH], FK506
binding protein 51 [FKBPS5], oxytocin receptor [OXTR], trypto-
phan hydroxylase 1 [TPh1], neuroendocrine tumor [NET], dopa-
mine transporter 1| [DAT1], nuclear receptor subfamily 3 group ¢
1 [NR3C1], C-reactive protein [CRP], and interleukin 13 [IL-
1B]). While these reviews are informative, none have system-
atically assessed the current state of knowledge over the last
decade on CM and ACEs across multiple levels of biological
functioning. In addition, few reviews (Cecil et al., 2020) have
discussed the implications of biologically informed research for
future social science research on CM and ACEs.

The limitations of current reviews highlight the need to
systematically evaluate the role genetics/biology play in con-
tributing to individual differences in exposure to CM and ACEs
and the consequences from such experiences. As such, the
current study systematically reviews the existing body of
research on CM, ACEs, and a number of biological influences
including (1) latent sources of genetic variation; (2) objective
measures of biological system functioning (i.e., nervous sys-
tem, endocrine system, inflammatory system, cardiovascular
system, metabolic system, or multiple system functioning);
(3) polygenic risk scores; and (4) neurobiological structures
in limbic, cortical, and other regions of the brain. In line with
previous research (Sedlak et al., 2010), CM is conceptualized
as sexual, physical, or emotional abuse as well as physical and
emotional neglect perpetrated by a family member or caregiver
onto a child before the age of 18. ACEs are conceptualized as
stressful/traumatic life experiences that occur during childhood
and/or adolescence. ACEs include witnessing violence, paren-
tal separation, family member mental illness, parental incar-
ceration, abuse or neglect, and parent/caregiver substance
abuse (Deighton et al., 2018). ACEs, while inclusive of CM,
also characterize another dimension of trauma experienced
during formative years of life-course development.

Current Study

This study systematically evaluates the current state of empiri-
cal knowledge on the biological correlates and consequences of
CM and ACEs. The current study proceeds in a series of three
interrelated steps. First, a systematic review of literature pub-
lished between 2010 and 2020 was conducted.! This step
focused on examining the link between latent genetic influ-
ences, biological system functioning, polygenic risk scores,

Table I. Study Characteristics by Victimization Type.

Childhood Adverse Childhood
Maltreatment (n = 176)  Experiences (n = 26)
Study
Characteristics n % n %

Study design

Cross-sectional 140 79.1 17 65.4

Longitudinal 37 20.9 9 34.6
Comparison group

Yes 121 68.4 13 50.0

No 56 31.6 13 50.0
Note. N = 199.

and neurobiological structures with CM and ACEs. The second
step of the analysis focused on synthesizing the gathered infor-
mation to provide a comprehensive overview of the findings.
This discussion briefly summarizes common biological
mechanisms shown to operate as sources of vulnerability and
resilience to CM and ACEs. More detail information can be
found in Online Supplementary Table 1. The third step focused
on discussing the theoretical, methodological, and practical
implications of the results for future research directed at further
understanding of the underlying mechanisms involved in
examining individual differences in susceptibility and resili-
ence to the residual effects of CM and ACEs.

Method
Search Strategy

Searches for relevant literature were conducted between March 6,
2020, and March 17, 2020.2 Seven online search engines were
used to retrieve literature for the systematic review: Psychinfo,
PsycArticles, Criminal Justice Abstracts, Psychology and Beha-
vioral Sciences Collection, PubMed, Social Sciences Full Text,
and SocINDEX. Search terms included “behavioral genetic*,”
OR “gene*,” OR “GWAS,” OR “biomarker*,” OR “neuro*,”
AND “maltreatment®,” OR “child* abuse,” OR “adolesc*
abuse,” OR “adverse childhood experience*.” A visual represen-
tation for the process of article selection is shown in Figure 1.

Inclusion Criteria

Studies were included for further evaluation if they met the
following criteria: (1) used a biologically informed method
(i.e., behavioral genetic, biomarker, genome wide platform,
neurobiological structure), (2) were published between 2010
and 2020, (3) were written in English, and (4) were conducted
on the samples of humans.

Exclusion Criteria

Studies were excluded from consideration if they met one or
more of the following criteria: (1) had measures of SNPs or
DNA methylation with no other measures of latent additive
genetic influences, biological system functioning, polygenic



Cooke et al.
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Figure |. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Guidelines flow diagram.

scores, limbic, cortical, or other structure functioning;* (2) were
a review, systematic review, or meta-analysis; (3) included mod-
els with animals; (4) provided no empirical tests (i.e., theoretical
articles); (5) included measures of neurocognition, but no direct
measurement of a neurobiological system; (6) included cases of
sudden infant death syndrome; and (7) were based on case
studies.

Results
Study Characteristics

In total, 199 studies included methods focused on examining
latent genetic influences, biomarkers, polygenic scores, and
neurobiological system structures in relation to CM and ACEs

(see Online Supplementary Table 1). As can be seen in Table 1,
most of the studies focused on CM (n = 176). A small subset
focused on ACEs (n = 26). In total, three studies examined CM
and ACEs concurrently. Studies on CM included both cross-
sectional (n = 140) and longitudinal (n = 37) research designs.
Of the 176 studies on CM, 121 included some form of a com-
parison group (i.e., control, twins, siblings, adoptee, or family
members). Studies on ACEs were mostly cross-sectional (n =
17) and were split evenly between the use of comparison
groups (n = 13) and no comparison group (n = 13).

Latent Genetic Influences

Table 2 presents the number of studies using behavioral genetic
methods to estimate the magnitude of latent additive genetic
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Table 2. The Number of Studies Using Behavior Genetic Designs by
Victimization Type.

Childhood Adverse Childhood
Maltreatment (n = 176) Experiences (n = 26)
Behavior
Genetic Design n % n %
Twin sample 18 85.7 3 60.0
Sibling sample 2 9.5 | 20.0
Adoptee sample I 48 I 20.0

Note. N = 199.

effects on CM and ACEs as well as their association with
deleterious outcomes. Of the 176 CM studies, twin-based
designs (n = 18), sibling designs (n = 2), and adoptee designs
(n = 1) were used. As shown in the Online Supplementary
Table, many of these twin-based studies (n = 10) relied on
twin samples from the Environmental Risk Longitudinal Twin
Study, which is a spin-off of the Twins Early Development
Study (Trouton et al., 2002), and assess a birth cohort of
2,232 British children from England and Wales starting in
1994-1995.° Results from these studies showed that a combi-
nation of additive genetic (i.e., the summative effect of genetic
material that contributes to the observed variation in phenoty-
pic expression), shared environmental (i.e., environmental fac-
tors experienced similarly across twins, siblings, and family
members that create phenotypic similarities), and nonshared
environmental influences (i.e., environmental factors that are
unique to twins, siblings, and family members who create phe-
notypic differences) accounted for the variance in CM. Studies
reported that genetic factors accounted for between 13% and
70% of individual differences in CM, the shared environment
accounted for between 0% and 60%, and the nonshared envi-
ronment accounted for 14% and 50% (Bowes et al., 2013;
Fisher et al., 2015; Pezzoli et al., 2019; Pittner et al., 2019).
Additionally, as shown in Online Supplementary Table 1,
many of the genetically informed CM studies examined the
effect of CM on mental and physical health outcomes including
psychotic symptoms (n = 1), suicidal ideation (» = 1), person-
ality disorders (n = 1), bipolar disorder (» = 1), attention
deficit hyperactivity disorder (ADHD; n = 2), conduct prob-
lems (n = 1), chronic health conditions (n = 1), criminal beha-
vior (n = 1), cognitive functioning (» = 1), and
neurodevelopmental disorders (n = 2). One of the benefits of
genetically informed studies is their ability to examine the
association between CM and later life outcomes while using
a participant’s co-twin or co-sibling as a counterfactual. Doing
so controls for the confounding effects of genetic and shared
environmental influences. After controlling for these influ-
ences, several studies found that the effect of CM on negative
health outcomes became statistically nonsignificant (Berenz
et al., 2013; Danese et al., 2017; Dinkler et al., 2017), suggest-
ing that factors attributable to genetics and/or the shared envi-
ronment account for a large part of the correlation between CM
and deleterious health and physical outcomes. However, one

study reported a significant effect of CM on psychotic symp-
toms at age 12 even after controlling for the effects of familial
confounding associated with the genetic susceptibility to devel-
oping psychosis (Arseneault et al., 2011).”

Four studies examined the association between CM and
biological system functioning of the inflammatory system via
biomarker measurement while controlling for latent genetic
and shared environmental influences. Using a twin-based
design, Baldwin et al. (2018) reported a significant association
between CM and levels of CRP at age 18 net of latent genetic
influences. York et al. (2013) examined the effect of CM on
micronuclei (i.e., extranuclear bodies formed by cellular dam-
age) and found that twins with more experiences of CM had
higher levels of micronuclei compared to their co-twins with
less experiences of CM. Conversely, Rooks et al. (2012) exam-
ined the relationship between CM, CRP, and interleukin-6 (IL-
6) levels in a sample of monozygotic and dizygotic twin pairs
and found that between-pair differences explained more of the
relationship than within-twin differences, suggesting that the
association between CM and inflammation is largely influ-
enced by factors that cluster within families.

The number of behavior genetic designs used to study the
magnitude of latent genetic and environmental influences on
individual differences in ACEs are also shown in Table 2. The
designs examining ACEs included twin designs (n = 3), a
sibling comparison design (» = 1), and an adoptee design
(n = 1). These studies examined criminal offending (n = 1),
delinquency (n = 1), and memory functions (n = 1). For exam-
ple, Beckley et al. (2018) assessed the effect of ACEs on being
a victim, offender, or dual victim—offender in a sample of 2,232
British twins. Their results showed that additive genetic, shared
environmental, and nonshared environmental effects accounted
for the variance in being a victim, offender, or victim—offender.
Additionally, ACEs were used to model environmental effects
on being a victim, offender, or victim—offender. Results
showed that each additional ACE a twin experienced signifi-
cantly increased the likelihood of being a victim, offender, and
victim—offender, thus providing support for ACEs as both
shared and nonshared environmental influencers. Connolly and
Kavish (2019) examined sibling differences in childhood
adversity and provide additional evidence for ACEs as a sig-
nificant environmental contributor to delinquency during mid-
dle adolescence. However, additional analyses revealed that
siblings with higher levels of childhood adversity were no more
likely to demonstrate slower declines in delinquent behavior
from middle adolescence to young adulthood compared to their
co-sibling, suggesting that familial factors accounted for varia-
tion in developmental patterns of offending. Eaves et al. (2010)
reported that ACEs accounted for roughly 30% of shared envi-
ronmental variation in antisocial behavior in a family cohort of
participants. Additionally, socioeconomic status influenced the
relationship between CM and adult memory whereby experi-
ences of CM were inversely associated with memory net of
family confounds among individuals living in high socioeco-
nomic areas (Goldberg et al., 2013). Tanksley and colleagues
(2020) examined the effects of anxiety, conduct disorder
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symptomatology, and self-control on exposure to multiple
ACEs using a sample of British twins. After controlling for
genetic confounding, only self-control was associated with
multiple ACEs (conceptualized as polyvictimization), suggest-
ing that exposure to ACEs is for the most part not a random
event. Indeed, vulnerability in exposure to ACEs, and the asso-
ciation between ACEs and deleterious outcomes, is influenced
by a litany of factors that co-occur within families (Connolly,
2020; Schwartz et al., 2019).

Biomarkers

The count and percentage of the total number of studies using
biomarkers to measure individual differences in nervous, endo-
crine, inflammatory, cardiovascular, metabolic, and multisys-
tem functionality are presented in Table 3. This table also
shows the number of studies that reported significant relation-
ships between CM, ACEs, and biomarkers. CM was associated
with biomarker assessments of nervous and endocrine system
functioning. Biomarkers used to measure nervous system
functionality included cortisol (Ao = 29; nsignificant = 28),
dehydroepiandrosterone (DHEA; 1ot = 5; significant = 4),
oxytocin (totar = 4; Msignificant = 3), brain-derived neuro-
trophic factor (BDNF; #rotal = 25 Hsignificant = 2), hore-
pinephrine (ntota1 = 2; Nsignificant = 2), dopamine (nrotar = 1;
Nsignificant = 1), and endocannabinoids (Tota = 1; NSignificant = 1)
Studies measuring endocrine system functionality used biomarker
measurements including cortisol (row = 29; Asignificant = 28),
DHEA (n1otal = 5; significant = 4), 0xytocin (o1 = 4;
Significant = 3), adiponectin (Atoa1 = 2; Asignificant = 1),
alpha'amylase (PTotal = 2; RSignificant = 1)9 leptin (Protar = 1
NSignificant = 0), lymphocytes (nTota = 1 NSignificant — 1), orexin
(nTotal = 1» Nsignificant — 1)» PmlaCtin response (nTotal = 1’
NSignificant = 1), and soluble intercellular adhesion molecule-1
(SICAM-1; nrow = 1; nsignificant = 1). Several studies reported
increased levels of biomarker activity (i.e., BDNF, cortisol,
DHEA, dopamine, adiponectin, and oxytocin) associated with
nervous and endocrine systems in participants reporting CM
compared to matched controls (Aas et al., 2017; Biicker et al.,
2015; Cicchetti et al., 2015). In contrast, other studies reported
decreases in biomarkers (i.e., DHEA, cortisol, and oxytocin)
capturing biological system functionality (Dahmen et al., 2018;
Kaess et al., 2018). Collectively, these studies inform research
on the connection between CM, nervous system, and endocrine
system functioning by showing that CM is associated with altera-
tions in levels of biomarkers capturing nervous and endocrine
system functionality in comparison to nonmaltreated matched
comparisons.

The connection between CM and inflammatory system
functioning was examined using several different measures.
Biomarkers including CRP (#1ota1 = 12; Asignificant = 10),
interleukin-10 (”Total = 10; Asignificant — 1), IL-6 (nTotal =8
RSignificant = J), Cytokine tumor necrosis factor-alpha (CTNFo;
ATotal = 3; Nsignificant = 1), resistin (nrota1 = 3; Nsignificant = 1),
cytokines (nTota] = 2; Rsignificant — 2)’ E-selectin (nTotal =2;
Nsignificant = 1), ﬁbrinogen (PTotal = 2; Rsignificant — 2), soluble

tumor necrosis factor receptor type 1 (Mrotal = 2; Asignificant = 0),
8-isoprostane (Ao = 1; Asignificant = 1), CD40-ligand (CD40L;
NTotal = 1; NSignificant — 0), glycoprOtein 130 (nrotar = 1;
Nsignificant = 1), IL'IB (nTota1 = 1; NSignificant — 1), serum-
amyloid-a (n = 1; ngjgnificant = 0), and transforming growth
factor-beta (nrotr = 1; Asignificant = 1) Were used to capture
inflammation in response to childhood trauma. Collectively,
these studies conveyed that more reports of CM were associated
with higher levels of inflammation (Lee et al., 2017; Rooks et al.,
2012), suggesting that inflammatory systems are more likely to
experience dysregulation among participants with a history of
CM compared to nonbiologically related controls. The effect of
CM on the cardiovascular system was also captured through
different biomarker measures such as heart rate reactivity (HR;
Arotal = 9; Asignificant = 8), respiratory sinus arrhythmia (RSA;
ATotal = 6; Rsignificant — 6), and blood pressure (Total = 3;
Rsignificant = 2)- Results from these studies were similar to those
examining the relationship between CM and functionality of the
nervous and endocrine system—CM was linked to both higher
and lower levels of mean HR, HR reactivity, RSA, and blood
pressure (Dale et al., 2018). Johnson et al. (2017), for example,
found that participants who reported CM compared to matched
controls had increased cardiometabolic risk (i.e., CRP, diastolic,
and systolic blood pressure). Several other studies included mea-
sures of various biomarkers associated with the metabolic sys-
tem, multiple systems (i.e., allostatic load),® and other biological
functions (i.e., telomeres). Results from these studies showed
that CM was associated with dysregulated activity across biolo-
gical systems compared to nonmaltreated matched controls.

Table 3 also provides a count of studies examining the
relationship between ACEs and biomarker activity. Cortisol
(”Total =35 Nsignificant = 2)’ BDNF (nTotal =1 NSignificant = 0),
SICAM-1 nrop = 1; Nsignificant — 1), and insulin (7ot = 1;
NSignificant = 1) were biomarkers used to measure nervous and
endocrine system functionality when examining ACEs. Find-
ings revealed that ACEs were associated with dysfunctional
activity in these biomarkers (Carroll et al., 2013; Drury et al.,
2014; Fuller-Rowell et al., 2019). Specifically, experiencing
more ACEs was associated with reductions in cortisol reactivity
(Peckinsetal.,2012), BDNF (S. Kimetal.,2019), and SICAM-1
(Slopen et al., 2010) as well as a resistance to insulin in
diabetic participants (Fuller-Rowell et al., 2019). ACEs were
also associated with increased levels of inflammatory markers
including CRP (nTotal =7, NSignificant = 4)a E-selectin (PTotal =25
Nsignificant = 2), IL-6 (n7otal = 2; NSignificant — 2), CTNFa
(nTotal = 1; Asignificant = 1), and fibrinogen (nrota1 = 1;
Asignificant = 1). Evidence from the metabolic and multisystem
studies indicated that ACEs were associated with increased allo-
static load (#row1 = 3; Msignificant = 3), Which is a cumulative
measure of multiple biomarkers. ACEs were also linked to
higher blood pressure (Rroar = 2; Asignificant = 2), body mass
index (BMI; nroia1 = 2; Hsignificant = 2), and metabolites
("Total = 1; Asignificant = 1). Moreover, Drury et al. (2014) found
that increases in ACEs were related to decreased telomere length
(i.e., a measure of early aging).
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Table 3. Biomarker by Victimization Type.

Childhood Maltreatment (n = 176)

Adverse Childhood Experiences (n = 26)

Biomarker n (Total) % (Total)  n (Significant) % (Significant)  n (Total) % (Total)  n (Significant) % (Significant)
Nervous system
BDNF 2 1.1 2 1.1 I 33 0 0
Cortisol 29 16.5 28 15.9 5 16.7 2 7.7
DHEA 5 28 4 23
Dopamine I 0.6 | 0.6
Endocannabinoids I 0.6 | 0.6
Norepinephrine 2 .1 2 1.1
Oxytocin 4 23 3 1.7
Endocrine system
Adiponectin 2 1.1 | 0.6
Alpha-amylase 2 .1 | 0.6
Cortisol 29 16.5 28 15.9 5 16.7 2 7.7
DHEA 5 28 4 23
Insulin I 33 I 38
Leptin | 0.6 0 0.0
Lymphocytes I 0.6 | 0.6
Orexin I 0.6 | 0.6
Oxytocin 4 23 3 1.7
PRL response | 0.6 | 0.6
SICAM-I| I 0.6 | 0.6 33 38
Inflammatory system
8-ISO I 0.6 | 0.6
CD40L I 0.6 0 0.0
CRP 12 6.8 10 57 7 233 4 15.4
CTNFa 3 1.7 | 0.6 I 33 I 38
Cytokines 2 1.1 2 1.1
E-selectin 2 1.1 | 0.6 2 6.7 2 7.7
Fibrinogen 2 .1 2 1.1 I 33 I 38
gpl30 I 0.6 | 0.6
IL-1B I 0.6 | 0.6
IL-10 I 0.6 | 0.6
IL-6 8 4.5 5 28 2 6.7 2 7.7
Resistin 3 1.7 | 0.6
SAA I 0.6 0 0.0
TNFR-RI 2 1.1 0 0.0
TGFB I 0.6 | 0.6
Cardiovascular system
Blood pressure 3 1.7 2 1.1 2 6.7 2 7.7
HR 9 5.1 8 4.5
RSA 6 34 6 34
Allostatic load I 0.6 | 0.6 3 10.0 3 1.5
Antioxidants I 0.6 | 0.6
BMI 6 34 5 28 2 6.7 2 7.7
Dietary fat intake I 0.6 | 0.6
HbAlc I 0.6 | 0.6
Lipids 2 1.1 2 1.1
Metabolites 2 .1 2 1.1 33 38
Micronuclei I 0.6 | 0.6
Mitochondrial activity 2 .1 2 1.1
Telomeres 3 1.7 3 1.7 33 38
Triglycerides | 0.6 0 0.0

Note. N = 199. 8-ISO = 8-isoprostane; BMI = body mass index; BDNF = brain-derived neurotrophic factor; CD40L = CD40-ligand; CRP = C-reactive protein;
CTNFa = cytokine tumor necrosis factors-alpha; DHEA = dehydroepiandrosterone; HbA | c = glycated hemoglobin; gp 130 = glycoprotein 130; HR = heart rate;
IL-1B = interleukin IB; IL-10 = interleukin-10; IL-6 = interleukin-6; PRL response = prolactin response; RSA = respiratory sinus arrhythmia; SAA = serum-
amyloid-a; SICAM-| = soluble intercellular adhesion molecule-1; TNFR-RI = soluble tumor necrosis factor receptor type |; TGFp = transforming growth

factor-beta.

Polygenic Scores

GWAS are a novel way to examine the extent to which multiple
genes explain variation in traits and environments.” Few

studies (n = 4) have examined CM and ACEs using polygenic
scores (see Table 4). One study found that the TRCP5 gene
located on the X chromosome was associated with the age of
onset of bipolar disorder among participants reporting CM
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Table 4. The Number and Percentage of Studies Measuring Polygenic
Scores by Victimization Type.

Childhood Adverse Childhood

Maltreatment (n = 176) Experiences (n = 26)
Polygenic Scores n % n %
ADHD | 12.5 | 100.0
BDNF Val66Met | 12.5
Bipolar disorder | 12.5
CRH | 12.5
CYPI1AI | 12.5
CYPI7AI | 12.5
FKBP5 | 12.5
NR3C2 | 12.5

Note. N = 199. BDNF Val66Met = brain-derived neurotrophic factor; CRH =
corticotropin-releasing hormone; CYPI1Al = Cytochrome P450 Family 11
Subfamily A Member |; CYPI7Al = Cytochrome P450 Family 17 Subfamily
A Member |; FKBP5 = FK506 binding protein 51; NR3C2 = Nuclear Receptor
Subfamily 3 Group C Member 2.

(Anand et al., 2015). Frodl and colleagues (2014) conducted a
genome wide assessment of genes associated with hippocampal
volumes and found an interaction between CM and the Val66-
Met gene, which encodes for BDNF, on hippocampal volumes.
Specifically, participants who were carriers of the Val66Met
polymorphism and showed reductions in hippocampal volumes
were more likely to report CM. Similar results were found in
participants who experienced CM and carried the minor allele
of the nuclear receptor subfamily 3 group C member 2
(NR3C2) gene. Compared to participants with no experiences
of CM, those who reported experiencing CM and carried the
NR3C2 gene showed increased levels of cortisol and reduc-
tions in brain volume of the amygdala and hippocampus. Stud-
ies on ACEs using a GWA approach have reported that
polygenic scores associated with ADHD (n = 1) increased
vulnerability to experiencing ACEs (Zwicker et al., 2020).

Neurobiological Structures

Table 5 presents the count and percentage of the total number
of studies examining neurobiological structures including lim-
bic, cortical, and other systems. Additionally, Table 5 shows
the number of studies reporting significant associations
between CM, ACEs, and neurobiological structures. There
was a considerable amount of research focused on areas of
the limbic system as it relates to CM. Limbic structures
such as the amygdala (nrota1 = 19; Bsignificant = 17), hippocam-
pus (nTotal = 19; Rsignificant = 19)7 thalamus (nTotal = 4
Nsignificant = 3), corpus callosum (7ot = 25 Nsignificant — 2),
parahippocampal gyrus (nTotal = 29 nSigniﬁcant = 2)9 OlfaCtory
bulb (#rota1 = 1; Bsignificant = 1), and cingulate gyrus (nroa = 2;
Nignificant = 2) Were examined within the context of CM.
Results from studies on limbic connectivity showed that indi-
viduals who experienced CM, compared to matched controls,
demonstrated heightened activity in limbic structures of the
brain (Demers et al., 2018; Fonzo et al., 2013; M. J. Kim

etal., 2019; Van Dam et al., 2014). Other experimental studies
with CM and control groups that manipulated facial expres-
sions presented to participants found that those who experi-
enced CM demonstrated increased activity in limbic regions
(Fonzo et al., 2013; Neukel et al., 2019; van Harmelen et al.,
2013). Several cortical structures were also implicated in
studies on CM. Structures included the prefrontal cortex
(Mrotal = 25; Ngignificant = 23), anterior cingulate cortex
(nTotal = 15; NSignificant — 13)) frontal lobe (nTotal = 8;
RSignificant = 7)5 orbitofrontal cortex (nTotal =6, NSignificant = 6),
parietal lobe (o1 = 4; Nsignificant = 3), Visual corteX (o = 2;
Nsignificant = 2), dorsolateral prefrontal cortex (nror = 1;
RSignificant = 1), dorsomedial prefrontal cortex (Aot = 1;
Asignificant = 1), and the ventromedial prefrontal cortex
(1otal = 1; significant = 1). Results from these studies revealed
that reductions in volume of white matter tracts associated with
cortical functioning were more common in participants reporting
CM compared to those with no CM experiences (Bomyea et al.,
2020; Busso et al., 2017; Puetz et al., 2019). Additionally, several
studies reported increases in gray matter within these cortical
areas in maltreated subjects (Ahn et al., 2016; Mielke et al.,
2016). Furthermore, three studies examining communication
between cortical structures and the limbic system of the brain
found that tracts of communication between these two systems
were down regulated in participants with a history of CM com-
pared to matched controls (Herzog et al., 2020; Paquola et al.,
2017; Peverill et al., 2019). Additional neurobiological structures
investigated included the supplementary motor area (fitop = 5;
NSignificant = 5), inferior frontal gyrus (Atoal = 4; NSignificant — 3),
whole brain (nTotal = 12, Nsignificant = 12), insula (nTotal = 11,
Rsignificant = 11), putamen (nTotal =4, NSignificant — 3), temporal
gyrus (MTotal = 4; Rsignificant — 4), cerebellum (nrorar = 3;
NSignificant = 3), nucleus accumbens (1o = 3; NSignificant = 2),
dentate gyrus (nTotal = 2a Nsignificant = 1)’ precuneus (nTota] = 29
Asignificant = 2)7 Brodmann area (nTotal =1 Rsignificant = 1)9 fas-
ciculus (o1 = 1; Msignificant = 1), inferior parietal lobule

(nTotal = 1; Nsignificant — 1): llngual gyrus (nTotal = 1;
Nsignificant — 1): pituitary gland (nTotal =1 Ngignificant = 1); stria-
tum (nTotal = 1’ nSignificant = 1)5 subiculum (nTotal = 15

significant = 1), and the supermarginal gyrus (Arow = 1;
Asignificant = 1). Accumulated evidence from these studies demon-
strated that CM was associated with abnormal neurobiological
functioning within these structures.

Table 5 also presents a count and percentage of studies on
ACEs and neurobiological structures. This line of research
focused on examining the amygdala (#rot = 3; Asignificant = 3)
and hippocampus (#1ota1 = 2; Bsignificant = 1). Additional studies
examined the anterior cingulate corteX (71rota1 = 1; Psignificant = 0),
dentate gyrus (Rrota1 = 1; #significant = 0), orbitofrontal cortex
(nTotal = 15 Nsignificant = 1), prefrontal cortex (frota = 1;
Rsignificant — 1)9 and subiculum (nTotal =1 Rsignificant = 1) For
example, Teicher et al. (2012) reported reductions in connectivity
between the hippocampus, dentate gyrus, and subiculum in parti-
cipants exposed to more ACEs. Reduced connectivity between
the prefrontal cortex and amygdala was also reported among
individuals with more ACEs during an emotional stimulus task
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Table 5. Neurobiological Structure by Victimization Type.

Childhood Maltreatment (n = 176)

Adverse Childhood Experiences (n = 26)

Neurobiological Structure n (Total) % (Total) n (Significant) % (Significant) n (Total) % (Total) n (Significant) % (Significant)
Limbic regions
Amygdala 19 10.8 17 9.7 3 .5 3 .5
Cingulate gyrus 2 1.1 2 I.1
Hippocampus 19 10.8 19 10.8 2 7.7 I 38
Olfactory bulb | 0.6 I 0.6
Parahippocampal gyrus 2 1.1 2 I.1
Thalamus 4 23 3 1.7
Cortical structures
Anterior cingulate cortex 15 8.5 13 74 I 38 0 0.0
Dorsolateral prefrontal cortex | 0.6 I 0.6
Dorsomedial prefrontal cortex | 0.6 I 0.6
Frontal lobe 8 4.5 7 4.0
Orbitofrontal cortex 6 34 6 34 | 38 I 38
Parietal lobe 4 23 3 1.7
Prefrontal cortex 25 14.2 23 13.1 | 38 I 38
Ventromedial prefrontal cortex | 0.6 I 0.6
Visual cortex 2 1.1 2 1.1
Other
Brodmann area | 0.6 I 0.6
Cerebellum 3 1.7 3 1.7
Dentate gyrus 2 1.1 I 0.6 | 38 0 0.0
EEG 7 4.0 6 34 | 3.8 I 3.8
Fasciculus | 0.6 I 0.6
Fusiform gyrus | 0.6 I 0.6
Inferior frontal gyrus 4 23 3 1.7
Inferior parietal lobule | 0.6 I 0.6
Insula I 6.3 I 6.3
Lingual gyrus | 0.6 I 0.6
Nucleus accumbens 3 1.7 2 I.1
Pituitary gland | 0.6 I 0.6
Precuneus 2 1.1 2 1.1
Putamen 4 23 3 1.7
Striatum | 0.6 I 0.6
Subiculum | 0.6 I 0.6 I 3.8 3.8
Supermarginal gyrus | 0.6 I 0.6
Supplementary motor area 5 28 5 28
Temporal gyrus 4 23 4 23
Whole brain 12 6.8 12 6.8

Note. N = 199. EEG = electroencephalogram.

(Peverill et al., 2019). This finding is consistent with evidence of
general reductions in amygdalar volume in participants reporting
ACEs (Herzog & Schmahl, 2018). Reductions were also found in
the orbitofrontal cortex among participants reporting ACEs overa
25-year longitudinal study (Holz et al., 2015).

Discussion

Results from the systematic review show that a range of
genetic, physiological, and neurological factors are involved
in exposure and response to CM and ACEs. Several factors
across different biological systems, including biomarkers cap-
turing nervous, endocrine, inflammatory, cardiovascular, meta-
bolic, and multisystem functioning, polygenic risk scores, and
neurobiological structures derivative of the limbic, cortical,

and other areas were found to be consistently associated with
individual differences in early life victimization and later life
consequences of early trauma. The reported findings have three
key implications for future research on CM and ACEs.

First, accumulated evidence indicates that CM and ACEs
are associated with physiological changes in nervous, endo-
crine, inflammatory, cardiovascular, and metabolic functioning
as well as neurological changes in limbic and cortical structures
(Moog et al., 2018; Slopen et al., 2010). Broadly, biomarkers
capturing nervous and endocrine system functionality were
altered in individuals who reported more experiences of CM
and a higher number of ACEs (Aas et al., 2019; Drury et al.,
2014). These findings were replicated across multiple studies
using cross-sectional (Aas et al., 2017) and longitudinal (Bald-
win et al., 2018) designs as well as comparison and control
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groups (England-Mason et al., 2018). The reported results are
consistent with several other reviews focused on risk factors for
experiencing interpersonal violence (Fazel et al., 2018), which
converge to suggest that interpersonal victimization alters
healthy regulation and functionality of the nervous and endo-
crine systems (Cassiers et al., 2018; Ioannidis et al., 2020).
These alterations may create a dysfunctional loop in function-
ing, which may result in impaired biological regulation later in
life. The timing and severity of changes in biological function-
ality connected to CM and/or ACEs need to be explored with
future biologically informed longitudinal research.

Along these lines, one of the most robust findings from the
reviewed literature, which is consistent with previous reviews
on maltreatment, stress, and depression (Nusslock & Miller,
2016), is the association between childhood trauma and inflam-
matory conditions. Inflammatory conditions are often the result
of genetic predisposition, environmental insult(s), and stress
over the life course. Evidence of inflammation is considered
to be an indicator of an individual’s immune system being
compromised and/or overworked. Biomarkers assessing levels
of inflammation have been found to be higher in participants
with histories of CM (Fanning et al., 2015) and ACEs (Johnson
et al., 2017) across multiple studies, settings, and time periods
(Nusslock & Miller, 2016). Taken together, this indicates that
CM and ACE:s increase the likelihood of demonstrating symp-
toms of a compromised immune system. CM and ACEs were
also found to influence cardiovascular system (Lee et al.,
2017), metabolic system (Scheuer et al., 2018), and multisys-
tem functionality (Carroll et al., 2013). Indicators of cardiovas-
cular system function including HR, RSA, and blood pressure
were compromised in individuals reporting CM (Dale et al.,
2018) and ACEs (Scheuer et al., 2018). Studies reported that
ACEs were associated with increases in allostatic load. Experi-
ences of CM were also associated with higher BMI, irregular
mitochondrial activity, and accelerated aging (Ridout et al.,
2019).

With respect to neurobiological structures, CM and a higher
number of ACEs were associated with elevated levels of func-
tional activity and structural changes in several neurological
structures of the limbic system (Rodman et al., 2019). Studies
also reported functional reductions in cortical structures
involved in the regulation of emotions and cognition (van den
Berg et al., 2018). Findings indicated decreased connectivity
between limbic and cortical regions of the brain (Fonzo et al.,
2013), showing that cortical areas of the brain, which regulate
emotional response in limbic areas, were downregulated in
individuals who experienced CM and ACEs. Based on this
evidence, victims of CM and ACEs may not be able to appro-
priately regulate neurobiological systems related to fear, emo-
tions, and higher order biobehavioral cognitive processes.
Longitudinal studies are needed to better understand the tem-
poral pathways between trauma and both physiological and
neurobiological change over time.

Second, there exists considerable variation in biological and
neurobiological system response to CM and ACEs. Not every-
one who experienced these forms of trauma displayed a

dysregulation in biological/neurobiological systems (van der
Werff et al., 2013). Observed variance in the relationship
between experiences of victimization and changes in biologi-
cal/neurobiological systems offers evidence of biological resi-
lience (Lecei & van Winkel, 2020; Moreno-Lopez et al., 2019).
Biological resilience is conceptualized as a multisystematic
and time-dependent biological process that results in better
functioning in health and behavior when exposed to environ-
mental insults (Moreno-Lopez et al., 2019). To date, biological
resilience in response to trauma appears to be influenced by
within-individual differences in the ability to activate several
neurobiological systems (Lecei & van Winkel, 2020). For
example, van der Werff and colleagues (2013) found that resi-
lient participants showed increased connection between the left
anterior cingulate cortex, the bilateral lingual gyrus, and the
occipital fusiform gyrus (i.e., structures associated with mem-
ory and processing of emotional impulses) compared to those
who were not categorized as resilient to CM. In the context of
the current study, these findings demonstrate that individuals
who show higher volume and functionality in cortical areas
may not report negative emotional consequences associated
with CM and ACEs. This aligns with studies showing
decreased connectivity between cortical and limbic structures
in individuals who have experienced CM and ACEs (van Rooij
et al., 2020). Biological resilience likely occurs as the result of
multiple biological/neurobiological systems operating in con-
junction in a time-dependent manner. These biological systems
likely work in concert with one another, which results in
increased biological resilience to childhood adversity. Dahmen
and colleagues (2018) demonstrated this “biological cascade”
(see Lecei & van Winkel, 2020, for definition of biological
cascade) effect in their study of hippocampal volumes and
cortisol levels in participants with histories of CM. Results
from their study showed that individuals who experienced
CM, compared to a control group, had volume reductions in
the hippocampus (i.e., a region of brain associated with long-
term memory) and lower levels of cortisol reactivity. Taking
van der Werff et al.’s (2013) findings into consideration, a
pattern emerges suggesting that some participants may be more
resilient to the negative effects of CM when they have stronger
connectivity between the cortices and hippocampus. This, in
turn, may then lead to downstream effects on lower levels of
cortisol secretion. Similar results have been reported between
cortisol, the pituitary gland (Kaess et al., 2018), and the whole
brain (Puetz et al., 2017). Extending these findings into the
context of GWAS, Gerritsen and colleagues (2017) showed
that carriers of a copy of the NR3C2 gene who were exposed
to CM displayed reduced volume in the amygdala and hippo-
campus as well as higher cortisol levels. Together, these studies
indicate that several biological/neurobiological processes work
in conjunction to influence biological resilience to CM. Yet,
more research on the concept of biological resilience, espe-
cially in relation to the type, timing, and frequency of CM and
ACEs is needed.

The third way in which biologically informed methods can
deepen our understanding of CM and ACEs is through the
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acknowledgment that individual-level propensities can
increase vulnerability to these types of victimization. Research-
ers have long recognized that victimization—including CM
and ACEs—is not a random occurrence. Genetic influences
that cluster within families can conflate findings of the direct
effect of childhood adversity on later life outcomes. Dinkler
et al. (2017) provide an example of this in their examination of
a cohort of twins by demonstrating how familial confounding
can conflate the observed significant associations between CM
and neurodevelopmental disorders. Specifically, Dinkler et al.
(2017) showed that the bivariate association between CM and
neurodevelopmental disorders became nonsignificant after
controlling for latent genetic and nonshared environmental
influences. These findings suggest that unobserved familial
influences associated with CM contributed to explaining the
correlation with neurodevelopmental disorders. Similar results
of familial confounding have been reported for ADHD (Stern
et al., 2018), cognitive functioning (Danese et al., 2017), bipo-
lar disorder (Bornovalov et al., 2013), general personality dis-
orders (Berenz et al., 2013), delinquency (Connolly, 2020), and
deleterious mental health outcomes (Schwartz et al., 2019).

Results from twin and sibling designs support the idea that
negative health outcomes related to CM and ACEs may be
partly attributable to separate influences other than the experi-
ence of victimization per say. Longitudinal research controlling
for latent genetic and shared environmental influence shows
just how familial factors influence the association between
CM, ACEzs, and life outcomes. Behavior genetic research can
also help illuminate underlying processes that account for
exposure to childhood adversity through two conditions. These
conditions are evocative and passive gene-environment corre-
lation (*GE). Evocative rGE refers to a biologically mediated
process whereby heritable behaviors passed down through fam-
ilies are expressed and exert responses from individuals in
surrounding environments. Tanksley et al. (2020) provide an
example of evocative *GE in their study examining the rela-
tionship between low self-control and victimization in a cohort
of twins. Their study reported that a significant portion of
variance in self-control was accounted for by latent genetic
effects. Genetic and nonshared environmental effects also
explained the covariance between self-control and experien-
cing victimization later in life. These findings suggest that
genetic propensities for self-control may increase the likeli-
hood of individuals putting themselves in situations where vic-
timization is likely.

Passive rGE refers to the interaction between child—parent
genotypes and rearing environments. Indicators of passive
rGEs are assessed through shared variance across parenting
processes, parenting behavior, and child behavior. Thus, par-
ents pass down traits that influence children’s behavior as well
as the rearing environment that children and parents interact in.
Eaves et al.’s (2010) study on family cohorts found that child-
hood ACEs were largely explained by parental ACEs and par-
ental antisocial behavior—an example of a passive rGE.
Parental expression of antisocial behavior and experiences of
ACEs were, therefore, passively transmitted to children

through shared characteristics at the family level. Similar
results were reported by Pittner et al. (2019) in a sample of
413 parent—child dyads regarding emotional abuse, such that
shared genetic traits passed down through families significantly
contributed to the likelihood of perpetrating emotional abuse.

The finding that biological resilience, evocative »GE’s, and
passive rGE’s influence response and exposure to CM and
ACEs provides theoretical support for the diathesis stress (Got-
tesman & Shields, 1972) and differential susceptibility (Belsky
& Pluess, 2013) models of stress responsivity. Briefly, the
diathesis stress perspective posits that individual differences
in genetic susceptibility to negative behavioral adaptations will
increase in stressful and negative environments. Alternatively,
the differential susceptibility model views genes as malleable
and outcomes are dependent upon exposure to a continuum of
negative and/or positive environments. The major difference
between these two models of stress responsivity is that genetic
plasticity under differential susceptibility can lead to both pos-
itive and negative behavioral adaptations in response to envi-
ronmental cues while adaptive outcomes in the diathesis stress
model can only reach a threshold of functionality, meaning that
individuals with genetic susceptibility cannot positively adapt
even in positive environments (Belsky & Pluess, 2013; Elbau
et al., 2019). Evidence from findings of biological resilience in
response to CM and ACEs provides conditional support for the
differential susceptibility model; however, more research using
robust longitudinal designs is needed before firm conclusions
to this effect can be made.

Recommendations for Future Research, Practice,
and Policy

This study has implications for integrating biologically
informed methods into the study of CM and ACEs. This section
provides recommendations on how to advance biopsychosocial
research, practice, and policy on early life experiences of
victimization.

Use longitudinal family-based research designs. Studies should
attempt to include examinations of the relationship between
latent genetic influences, biological systems, polygenic scores,
and neurobiological structural systems in relation to CM and
ACEs. Whether looking at vulnerability or response to victi-
mization, it is apparent that the most robust studies (Baldwin
et al., 2018; Beckley et al., 2018) use samples of individuals
taken from families observed over time. Samples of twins,
siblings, adoptees, and families provide a natural control and
quasi-experimental method to examine victimization while
accounting for latent genetic and environmental influences.
Additionally, more research is needed to understand the
dynamic processes that occur within families and familial
experiences that influence vulnerability and response to CM
and ACEs over the life course.

Use GWAS to identify genetic variants associated with trauma.
Association studies examining whole genomes are replete with
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information that can guide our understanding of CM and ACE:s.
These same findings can extend to DNA methylation studies
(see Cecil et al., 2020). Several polygenic risk scores (Gerritsen
et al., 2017; Zwicker et al., 2020) were found to increase vul-
nerability to ACEs and negative outcomes associated with CM.
Future studies should continue to use GWAS to explore genetic
variants associated with CM/ACE:s.

Use multisystem models to explain exposure and response to CM.
Studies should consider collecting and examining variables
within a multilevel setting. Indeed, individuals, families, and
neighborhoods are intertwined. In order to capture the entirety
of human behavior and biological functioning, we need to con-
sider biological, psychological, and sociological effects on
individuals and families (Bronfenbrenner & Morris, 2007).
Multisystem models recognize these transactional processes
across different levels of analysis and seek to provide informa-
tion on top-down and bottom-up effects. Mutlilevel models can
inform our understanding of exposure and response to trauma
by capturing the complexity of physiological and macroenvir-
onmental factors.

Model biological and neurobiological systems as latent traits. Beha-
vioral genetic research has been modeling genetic and environ-
mental effects as latent traits for decades. The current review
identified several biomarkers and neurobiological structures
that captured functioning of overall biological/neurobiological
systems; however, these biomarkers and neurobiological struc-
tures were often included as one-shot indicators. Moving for-
ward, studies should consider collecting biological information
associated with biological systems and including them in mod-
els as latent traits. For example, studies could examine multiple
inflammatory markers and include them in a model evaluating
latent immune response. Similar processes can be done for
structures of the limbic, endocrine, and cardiovascular system.
While allostatic load captures this to some degree, systems
need to be modeled in accordance with the structures and mar-
kers associated within those systems.

Examine the role of biological resilience. Several studies have
examined resilience to CM and ACEs from a neurocognitive
and behavioral perspective (see Scoglio et al., 2019). Few stud-
ies have examined the role of biological resilience in relation to
CM and ACEs across the life course (see Lecei & van Winkel,
2020; Moreno-Lopez et al., 2019). Future studies should con-
sider the role that biological resilience has on experiences of
CM/ACE:s. It may be beneficial for researchers to model bio-
logical resilience as a latent trait to examine the mediating and
moderating role it has on CM, ACEs, and later life negative
health and behavior.

Preventing CM and ACEs. Genetically informed designs indicate
that maltreatment and maltreatment-oriented behaviors often
cluster within families (Arseneault et al., 2011). This is con-
sistent with a large body of work documenting the inter- and
trans-generational nature of exposure to CM (Moog et al.,

2018). Practitioners and policy makers may be able to leverage
these findings to develop preventative techniques aimed at
identifying families and parents who may be more susceptible
to engaging in CM in order to intervene upon and prevent
potential maltreatment.

Treatment programs for exposure to CM and ACEs. The reviewed
studies find that biological systems and structures are altered in
response to CM and ACEs. Individual differences in biological
functionality in response to CM and ACEs may influence indi-
vidual variation in expression or personality traits and psycho-
pathological disorders as well as interactions between children,
families, and their broader contextual environment (loannidis
et al., 2020). Treatment providers and practitioners could use
the identified research regarding biological change in response
to CM and ACEs to guide the development of biologically
informed treatment programs aimed at reducing the negative
effects of CM and ACEs throughout the life course. Scientists
have already started to do this through various techniques such
as neurophysiological psychotherapy (McCullough & Mathura,
2019) and neuroimaging biofeedback systems (Carrion et al.,
2013; Roos et al., 2018). However, the area of biologically
informed treatment for CM and ACEs is relatively new and
requires more attention and focus on practical implications
(Boparai et al., 2018; Heim et al., 2019).

Measurement of CM and ACEs. CM and ACEs are complex
forms of early adversity that influence behavior throughout the
life course. Consistent with previous work (Bousman et al.,
2017; Cowell et al., 2015), this study found several inconsis-
tencies regarding the measurement of both CM and ACEs. Few
studies captured the diversity, severity, and chronicity of CM
and ACEs throughout childhood, adolescence, and young
adulthood. Further, the traditional ACE screener has been crit-
icized for being limited in scope (Finkelhor et al., 2013). Lack
of consistency in cross-sectional and longitudinal measurement
of CM and ACEs poses problems when determining causality
of the relationship between these forms of adversity and later
life adaptation. Future work should attempt to validate robust
longitudinal measures of CM and ACEs that accurately assess
domain specific, severe, and chronic forms of adversity.

Conduct meta-analytic studies assessing the biological correlates and
consequences of CM and ACEs. This review identified 199 works
assessing the biological correlates and consequences of CM
and ACEs including latent genetics, biological mechanisms,
polygenic scores, and neurobiological structures. The sheer
magnitude and diversity in methodological designs made it
difficult to provide a textual interpretation of design quality
and strength of the identified relationships (see Online Supple-
mental Table 1 for more detailed descriptions of the identified
studies). We recognize these limitations and hope that future
researchers will see the utility of this review and recognize the
importance of developing more focused meta-analyses exam-
ining each biological correlate and consequence of CM and
ACE:s in a subset of studies in order to provide a more robust
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analysis of design quality, magnitude, strength, and direction-
ality of the identified relationships. For example, one meta-
analysis could examine the relationship between biological
mechanisms associated with neuroendocrine functionality and
CM/ACE:s. This would include a subset of the identified studies
and would allow for the needed coding to assess relationship
strength and design quality.

Conclusion

This study systematically reviewed 199 articles examining the
relationship between genetic, physiological, and neurological
sources of influence on CM and ACEs. Results highlight how
biologically informed methods can be used to broaden our
understanding of the correlates and consequences of CM and
ACEs. The studies identified herein are limited in their diver-
sity to those published in English that relied on the samples of
participants from largely European ancestries. Because of this,
as well as limitations to sample sizes and geographic regions,
findings from this review may not be representative of the
collective diversity across nations, states, identities, cultures,
religions, ages, races, ethnicities, and ancestries. Additionally,
these studies relied on technological innovations to capture
biomarkers, polygenetic scores, and neurobiological systems.
These can be expensive and require an added degree of exper-
tise and analysis. In order to capture the full range of variability
in human behavioral adaptations, future research should
attempt to use biologically informed methods to assess out-
comes associated with CM and ACEs in samples from diverse
ancestral domains. Population strata outside of traditional Eur-
opean samples will provide a more robust account of the bio-
logical processes associated with vulnerability to CM/ACEs as
well as outcomes of these exposures. Taken together, this study
provides support for the continued need to explore changes in
response to trauma associated with victimization and factors
that influence risk of experiencing future victimization from a
biologically informed perspective. In this way, biopsychosocial
research can deepen our understanding of the etiology and
deleterious outcomes of CM and ACEs in an effort to improve
theory and intervention/prevention efforts.

Critical Findings

e This is the first review to systematically evaluate the
current state of evidence from research using biologi-
cally informed methods on CM and ACEs, with a spe-
cific focus on correlates and consequences of these two
forms of interpersonal victimization.

e Current results suggest that experiencing CM/ACEs are
associated with minimal change in neurobiological and
biological systems. Although small, these changes are
often associated with behavioral and health outcomes
over time.

e Results from behavior genetic studies and GWAS indi-
cate that experiencing CM and ACEs are not a random
event. Genetic and environmental effects that co-occur

within families significantly influence the likelihood of
being a victim of CM and/or experiencing ACEs.

Implications for Practice

e Practitioners and treatment providers should be aware of
how biological mechanisms (i.e., neural structures and
physiological processes) change in response to trauma
and how trauma is related to psychopathology and health.

Implications for Policy

e Policymakers should consider the observation that mal-
treatment and maltreatment-oriented behaviors often
cluster within families, in part, due to biological and
environmental factors shared between family members.

e Treatment can be framed around developing biological
feedback and monitoring systems to examine the “skin
deep” effect that CM/ACEs may have on individuals
undergoing therapy.

Implications for Research

e Research needs to continue using biologically informed
methods to (1) help control for familial confounding,
which will help aid in identifying salient childhood
experiences associated with behavior problems and poor
health, and (2) better understand how biological pro-
cesses contribute to vulnerability for and resilience to
CM/ACEs.

e Studies should continue to use the most rigorous quasi-
experimental, multilevel, and biologically informed
methods when studying CM/ACEs.
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Notes

1. We opted to focus only on research published between 2010 and
2020 as several reviews have already expertly documented
research on the effects of childhood maltreatment (CM) and
adverse childhood experiences (ACEs) from biological perspec-
tives in studies prior to 2010. For a review, please see Cicchetti
and Rogosch (2012), Coates (2010), De Bellis et al. (2011), Hart
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and Rubia (2012), Heim et al. (2010), McCrory et al. (2011),
McCrory et al. (2010), Tomalski and Johnson (2010), and Twar-
dosz & Lutzker (2010).

2. This study was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses Guidelines
(see Moher et al., 2009).

3. The inclusion criteria for this study did not specify measurement
criteria for CM and ACEs. Measures of CM and ACEs include a
broad range of victimization experiences that occur throughout
childhood. Accurately measuring the diversity, chronicity, and
severity of CM and ACEs is an important aspect of future research;
however, the current study did not designate measurement criteria
for CM and ACEs. This is a noteworthy limitation and a challenge
for future research as noted in the future directions.

4. We omit studies on candidate genes and epigenetics on these forms
of interpersonal victimization as several reviews on these topics
have been published elsewhere (see Cecil et al., 2020; Maglione
et al., 2018). However, we include the implications of these
reviews in our discussion to provide a more meaningful under-
standing of the implications of biopsychosocial research within the
context of individuals, families, and neighborhoods.

5. Several references are made throughout this article to control
groups and comparison groups involving twins, relatives, and non-
related participants. Online Supplementary Table 1 provides an
overview of which studies included twins, relatives, and nonrelated
controls. Most comparison groups, unless otherwise specified as a
twin or family member, are unrelated controls.

6. It is important to note the methodological limitations to twin, fam-
ily, and adoptee designs based on sample size. We recommend
Verhulst (2017) to readers interested in discussions about sample
size and power analyses for twin designs. We also hope readers
take note of the sample sizes and design qualities outlined in Online
Supplementary Table 1.

7. Deviation in results from this study, however, are most likely attri-
butable to the measure of genetic risk, which was captured as a
difference score (i.e., low, high, and highest levels of risk) between
twins rather than modeling variation in latent genetic components
between twins.

8. The term allostatic load refers to the process by which multiple
physiological systems engage in constant flux and adjustment in
response to ever-changing stimuli (Seeman et al., 2010). Thus,
allostatic load is operationally conceptualized as a multisystem
perspective in which cumulative physiological systems engage in
cross talk to influence the bodies physiologic response to perceived
demands and stimuli.

9. A polygenic risk score (PRS) is an individual’s score of genetic
loading for a disease or trait (Lewis & Vassos, 2020). PRSs are
derived from the summation of the number of risk alleles an indi-
vidual carries weighted by each alleles effect size based on recent
evidence from a genome wide association studies (GWAS). Studies
discussed herein derived polygenic scores of single-nucleotide
polymorphisms from significant effect sizes taken from genome
wide analyses. See Tam et al. (2019) and Visscher et al. (2017) for
a review of GWAS as well as a discussion of their benefits over
traditional candidate gene studies and various limitations including
issues with sampling.

References

References marked with an asterisk indicate studies included in the
systematic review.

*Aas, M., Dieset, 1., Hope, S., Hoseth, E., Merch, R., Reponen, E.,
Steen, N. E., Laskemoen, J. F., Ueland, T., Aukrust, P., Agartz, 1.,
Andreassen, O. A., & Melle, 1. (2017). Childhood maltreatment
severity is associated with elevated C-reactive protein and body
mass index in adults with schizophrenia and bipolar diagnoses.
Brain, Behavior, and Immunity, 65, 342-349.

*Aas, M., Pizzagalli, D. A., Laskemoen, J. F., Reponen, E. J., Ueland,
T., Melle, 1., Agartz, 1., Steen, N. E., & Andreassen, O. A. (2019).
Elevated hair cortisol is associated with childhood maltreatment
and cognitive impairment in schizophrenia and in bipolar disor-
ders. Schizophrenia Research, 213, 65-71.

*Ahn, S. J., Kyeong, S., Suh, S. H., Kim, J.-J., Chung, T.-S., & Seok,
J.-H. (2016). What is the impact of child abuse on gray matter
abnormalities in individuals with major depressive disorder: A
case control study. BMC Psychiatry, 16, 397.

*Anand, A., Koller, D. L., Lawson, W. B., Gershon, E. S., & Nurn-
berger, J. 1. (2015). Genetic and childhood trauma interaction
effect on age of onset in bipolar disorder: An exploratory analysis.
Journal of Affective Disorders, 179, 1-5.

*Arseneault, L., Cannon, M., Fisher, H. L., Polanczyk, G., Moffitt, T.
E., & Caspi, A. (2011). Childhood trauma and children’s emerging
psychotic symptoms: A genetically sensitive longitudinal cohort
study. American Journal of Psychiatry, 168(1), 65-72.

*Baldwin, J. R., Arseneault, L., Caspi, A., Fisher, H. L., Moffitt, T. E.,
Odgers, C. L., Pariante, C., Ambler, A., Dove, R., Kepa, A., Mat-
thews, T., Menard, A., Sugden, K., Williams, B., & Danese, A.
(2018). Childhood victimization and inflammation in young adult-
hood: A genetically sensitive cohort study. Brain, Behavior, and
Immunity, 67, 211-217.

Barnes, J. C., & Beaver, K. M. (2012). Extending research on the
victim—offender overlap: Evidence from a genetically informative
analysis. Journal of Interpersonal Violence, 27(16), 3299-3321.

*Beckley, A. L., Caspi, A., Arseneault, L., Barnes, J. C., Fisher, H. L.,
Harrington, H., Houts, R., Morgan, N., Odgers, C. L., Wertz, J., &
Moffitt, T. E. (2018). The developmental nature of the victim-
offender overlap. Journal of Developmental and Life-Course
Criminology, 4(1), 24-49.

Belsky, J., & Pluess, M. (2013). Beyond risk, resilience, and dysregu-
lation: Phenotypic plasticity and human development. Develop-
ment and Psychopathology, 25(2), 1243—-1261.

*Berenz, E. C., Amstadter, A. B., Aggen, S. H., Knudsen, G. P.,
Reichborn-Kjennerud, T., Gardner, C. O., & Kendler, K. S.
(2013). Childhood trauma and personality disorder criterion
counts: A co-twin control analysis. Journal of Abnormal Psychol-
ogy, 122(4), 1070-1076.

Blanco, L., Nydegger, L. A., Camarillo, G., Trinidad, D. R., Schramm,
E., & Ames, S. L. (2015). Neurological changes in brain structure
and functions among individuals with a history of childhood sexual
abuse: A review. Neuroscience and Biobehavioral Reviews, 57,
63-69.

*Bomyea, J., Simmons, A. N., Shenton, M. E., Coleman, M. J., Bouix,
S., Rathi, Y., Pasternak, O., Coimbra, R., Shutter, L., George, M. S.



TRAUMA, VIOLENCE, & ABUSE XX(X)

, Grant, G., Zafonte, R. D., McAllister, T. W., & Stein, M. B., &
INTRuST consortium. (2020). Neurocognitive markers of child-
hood abuse in individuals with PTSD: Findings from the INTRuST
clinical Consortium. Journal of Psychiatric Research, 121,
108-117.

Boparai, S. K. P., Au, V., Koita, K., Oh, D. L., Briner, S., Harris, N. B.,
& Bucci, M. (2018). Ameliorating the biological impacts of child-
hood adversity: A review of intervention programs. Child Abuse &
Neglect, 81, 82—105.

*Bornovalova, M. A., Huibregtse, B. M., Hicks, B. M., Keyes, M.,
McGue, M., & lacono, W. (2013). Tests of a direct effect of child-
hood abuse on adult borderline personality disorder traits: A long-
itudinal discordant twin design. Journal of Abnormal Psychology,
122(1), 180.

Bousman, C. A., Gunn, J. M., Potiriadis, M., & Everall, 1. P. (2017).
Polygenic phenotypic plasticity moderates the effects of severe
childhood abuse on depressive symptom severity in adulthood: A
S-year prospective cohort study. The World Journal of Biological
Psychiatry, 18(1), 75-81.

*Bowes, L., Maughan, B., Ball, H., Shakoor, S., Ouellet-Morin, I.,
Caspi, A., Moffitt, T. E., & Arseneault, L. (2013). Chronic bullying
victimization across school transitions: The role of genetic and
environmental influences. Development & Psychopathology,
25(2), 333-346.

Bronfenbrenner, U., & Morris, P. A. (2007). The bioecological model
of human development. In W. Damn, R. M. Lerner, K. A. Rennin-
ger, & 1. E. Sigel (Eds.), Handbook of child psychology (pp.
793-825). John Wiley & Sons.

*Biicker, J., Fries, G. R., Kapczinski, F., Post, R. M., Yatham, L. N.,
Vianna, P., Bogo Chies, J. A., Gama, C. S., Magalhaes, P. V.,
Aguiar, B. W., Pfaffenseller, B., & Kauer-Sant’ Anna, M. (2015).
Brain-derived neurotrophic factor and inflammatory markers in
school-aged children with early trauma. Acta Psychiatrica Scandi-
navica, 131(5), 360-368.

*Busso, D. S., McLaughlin, K. A., Brueck, S., Peverill, M., Gold, A.
L., & Sheridan, M. A. (2017). Child abuse, neural structure, and
adolescent psychopathology: A longitudinal study. Journal of the
American Academy of Child & Adolescent Psychiatry, 56(4),
321-328.

Carrion, V. G., Wong, S. S., & Kletter, H. (2013). Update on neuroi-
maging and cognitive functioning in maltreatment-related pedia-
tric PTSD: Treatment implications. Journal of Family Violence,
28(1), 53-61.

*Carroll, J. E., Gruenewald, T. L., Taylor, S. E., Janicki-Deverts, D.,
Matthews, K. A., & Seeman, T. E. (2013). Childhood abuse, par-
ental warmth, and adult multisystem biological risk in the coronary
artery risk development in young adults study. PNAS Proceedings
of the National Academy of Sciences of the United States of Amer-
ica, 110(42), 17149-17153.

Cassiers, L. L. M., Sabbe, B. G. C., Schmaal, L., Veltman, D. J.,
Penninx, B. W. J. H., & Van Den Eede, F. (2018). Structural and
functional brain abnormalities associated with exposure to differ-
ent childhood trauma subtypes: A systematic review of neuroima-
ging findings. Frontiers in Psychiatry, 9, 329.

Cecil, C. A. M., Zhang, Y., & Nolte, T. (2020). Childhood maltreat-
ment and DNA methylation: A systematic review. Neuroscience &
Biobehavioral Reviews, 112, 392-409.

Cicchetti, D., & Rogosch, F. A. (2012). Neuroendocrine regulation
and emotional adaptation in the context of child maltreatment.
Monographs of the Society for Research in Child Development,
77(2), 87-95.

*Cicchetti, D., Weller, J. A., Leve, L. D., Kim, H. K., Bhimji, J., &
Fisher, P. A. (2015). Plasticity of risky decision making among
maltreated adolescents: Evidence from a randomized controlled
trial. Development & Psychopathology, 27(2), 535-551.

Coates, D. (2010). Impact of childhood abuse: Biopsychosocial path-
ways through which adult mental health is compromised. Austra-
lian Social Work, 63(4), 391-403.

Connolly, E. J. (2020). Further evaluating the relationship between
adverse childhood experiences, antisocial behavior, and violent
victimization: A sibling-comparison analysis. Youth Violence and
Juvenile Justice, 18(1), 3-23.

*Connolly, E. J., & Kavish, N. (2019). The causal relationship
between childhood adversity and developmental trajectories of
delinquency: A consideration of genetic and environmental con-
founds. Journal of Youth and Adolescence, 48(2), 199-211.

Cowell, R. A., Cicchetti, D., Rogosch, F. A., & Toth, S. L. (2015).
Childhood maltreatment and its effect on neurocognitive function-
ing: Timing and chronicity matter. Development and Psycho-
pathology, 27(2), 521-533.

*Dahmen, B., Puetz, V. B., Scharke, W., von Polier, G. G., Herpertz-
Dahlmann, B., & Konrad, K. (2018). Effects of early-life adversity
on hippocampal structures and associated HPA axis functions.
Developmental Neuroscience, 40(1), 13-22.

*Dale, L. P., Shaikh, S. K., Fasciano, L. C., Watorek, V. D., Heilman,
K. J., & Porges, S. W. (2018). College females with maltreatment
histories have atypical autonomic regulation and poor psychologi-
cal wellbeing. Psychological Trauma: Theory, Research, Practice
and Policy, 10(4), 427-434.

*Danese, A., Moffitt, T. E., Arseneault, L., Bleiberg, B. A., Dinardo,
P. B., Gandelman, S. B., Houts, R., Ambler, A., Fisher, H. L.,
Poulton, R, & Caspi, A. (2017). The origins of cognitive deficits
in victimized children: Implications for neuroscientists and clini-
cians. The American Journal of Psychiatry, 174(4), 349-361.

De Bellis, M. D., Spratt, E. G., & Hooper, S. R. (2011). Neurodeve-
lopmental biology associated with childhood sexual abuse. Journal
of Child Sexual Abuse, 20(5), 548-587.

Deighton, S., Neville, A., Pusch, D., & Dobson, K. (2018). Biomar-
kers of adverse childhood experiences: A scoping review. Psychia-
try Research, 269, 719-732.

*Demers, L. A., McKenzie, K. J., Hunt, R. H., Cicchetti, D., Cowell,
R. A., Rogosch, F. A., Toth, S. L., & Thomas, K. M. (2018).
Separable effects of childhood maltreatment and adult adaptive
functioning on amygdala connectivity during emotion processing.
Biological Psychiatry. Cognitive Neuroscience and Neuroimaging,
3(2), 116-124.

*Dennison, M. J., Sheridan, M. A., Busso, D. S., Jenness, J. L.,
Peverill, M., Rosen, M. L., & McLaughlin, K. A. (2016).



Cooke et al.

I5

Neurobehavioral markers of resilience to depression amongst ado-
lescents exposed to child abuse. Journal of Abnormal Psychology,
125(8), 1201-1212.

*Dinkler, L., Lundstrom, S., Gajwani, R., Lichtenstein, P., Gillberg,
C., & Minnis, H. (2017). Maltreatment-associated neurodevelop-
mental disorders: A co-twin control analysis. Journal of Child
Psychology and Psychiatry, 58(6), 691-701.

*Drury, S. S., Mabile, E., Brett, Z. H., Esteves, K., Jones, E., Shirtcliff,
E. A., & Theall, K. P. (2014). The association of telomere
length with family violence and disruption. Pediatrics, 134(1),
el28—e137.

Dunn, E. C., Nishimi, K., Neumann, A., Renaud, A., Cecil, C. A.,
Susser, E. S., & Tiemeier, H. (2020). Time-dependent effects of
exposure to physical and sexual violence on psychopathology
symptoms in late childhood: In search of sensitive periods in devel-
opment. Journal of the American Academy of Child & Adolescent
Psychiatry, 59(2), 283-295.

*Eaves, L. J., Prom, E. C., & Silberg, J. L. (2010). The mediating
effect of parental neglect on adolescent and young adult anti-
sociality: A longitudinal study of twins and their parents. Behavior
Genetics, 40(4), 425-437.

Elbau, I. G., Cruceanu, C., & Binder, E. B. (2019). Genetics of resi-
lience: Gene-by environment interaction studies as a tool to dissect
mechanisms of resilience. Biological Psychiatry, 86(6), 433—442.

*England-Mason, G., Casey, R., Ferro, M., MacMillan, H. L., Ton-
myr, L., & Gonzalez, A. (2018). Child maltreatment and adult
multimorbidity: Results from the Canadian community health sur-
vey. Canadian Journal of Public Health, 109(4), 561-572.

*Fanning, J. R., Lee, R., Gozal, D., Coussons-Read, M., & Coccaro, E.
F. (2015). Childhood trauma and parental style: Relationship with
markers of inflammation, oxidative stress, and aggression in
healthy and personality disordered subjects. Biological Psychol-
ogy, 112, 56-65.

Fazel, S., Smith, E. N., Zheng, C., Geddes, J. R., & Chang, Z. (2018).
Risk factors for interpersonal violence: An umbrella review of
meta-analyses. British Journal of Psychiatry, 213(4), 609-614.

Finkelhor, D., Shattuck, A., Turner, H., & Hamby, S. (2013). Improv-
ing the adverse childhood experiences study scale. JAMA Pedia-
trics, 167(1), 70-75.

*Fisher, H. L., Caspi, A., Moffitt, T. E., Wertz, J., Gray, R., Newbury,
J., Ambler, A., Zavos, H., Danese, A., Mill, J., Odgers, C. L.,
Pariante, C., Wong, C. C., & Arseneault, L. (2015). Measuring
adolescents’ exposure to victimization: The environmental risk
(E-Risk) longitudinal twin study. Development and Psychopathol-
ogy, 27(4pt2), 1399-1416.

*Fonzo, G. A., Flagan, T. M., Sullivan, S., Allard, C. B., Grimes, E.
M., Simmons, A. N., Paulus, M. P., & Stein, M. B. (2013). Neural
functional and structural correlates of childhood maltreatment in
women with intimate-partner violence-related posttraumatic stress
disorder. Psychiatry Research: Neuroimaging, 211(2), 93-103.

*Fonzo, G. A., Simmons, A. N., Thorp, S. R., Norman, S. B., Paulus,
M. P., & Stein, M. B. (2010). Exaggerated and disconnected
insular-amygdalar blood oxygenation level-dependent response
to threat-related emotional faces in women with intimate-partner
violence posttraumatic stress disorder. Biological Psychiatry,
68(5), 433-441.

*Frodl, T., Skokauskas, N., Frey, E., Morris, D., Gill, M., & Carbal-
ledo, A. (2014). BDNF Val66Met genotype interacts with child-
hood adversity and influences the formation of hippocampal
subfields. Human Brain Mapping, 35(12), 5776-5783.

*Fuller-Rowell, T. E., Homandberg, L. K., Curtis, D. S., Tsenkova, V.
K., Williams, D. R., & Ryff, C. D. (2019). Disparities in insulin
resistance between Black and White adults in the United States:
The role of lifespan stress exposure. Psychoneuroendocrinology,
107, 1-8.

*QGerritsen, L., Milaneschi, Y., Vinkers, C. H., van Hemert, A. M., van
Velzen, L., Schmaal, L., & Penninx, B. W. J. H. (2017). HPA axis
genes, and their interaction with childhood maltreatment, are
related to cortisol levels and stress-related phenotypes. Neuropsy-
chopharmacology, 42(12), 2446-2455.

*Goldberg, X., Alemany, S., Fatjo-Vilas, M., Gonzalez-Ortega, 1.,
Gonzalez-Pinto, A., Cuesta, M. J., & Fafanas, L. (2013). Twin-
based study of the complex interplay between childhood maltreat-
ment, socioeconomic status and adult memory. European Archives
of Psychiatry and Clinical Neuroscience, 263(5), 435—440.

Gottesman, 1. I., & Shields, J. (1972). A polygenic theory of schizo-
phrenia. International Journal of Mental Health, 1(1-2), 107-115.

Hart, H., & Rubia, K. (2012). Neuroimaging of child abuse: A critical
review. Frontiers in Human Neuroscience, 6, 52.

Heim, C. M., Entringer, S., & Buss, C. (2019). Translating basic
research knowledge on the biological embedding of early-life
stress into novel approaches for the developmental programming
of lifelong health. Psychoneuroendocrinology, 105, 123—137.

Heim, C. M., Shugart, M., Craighead, W. E., & Nemeroff, C. B.
(2010). Neurobiological and psychiatric consequences of child
abuse and neglect. Developmental Psychobiology, 52(7), 671-690.

Herzog, J. I., & Schmahl, C. (2018). Adverse childhood experiences
and the consequences on neurobiological, psychosocial, and
somatic conditions across the lifespan. Frontiers in Psychiatry,
9, 420.

*Herzog, J. I., Thome, J., Demirakca, T., Koppe, G., Ende, G., Lis, S.,
Rausch, S., Priebe, K., Miiller-Engelmann, M., Steil, R., Bohus, M.
, & Schmahl, C. (2020). Influence of severity of type and timing of
retrospectively reported childhood maltreatment on female amyg-
dala and hippocampal volume. Scientific Reports, 10(1), 1903.

*Holz, N. E., Boecker, R., Hohm, E., Zohsel, K., Buchmann, A. F.,
Blomeyer, D., Jennen-Steinmetz, C., Baumeister, S., Hohmann, S.,
Wolf, L., Plichta, M. M., Esser, G., Schmidt, M., Meyer-Linden-
berg, A., Banaschewski, T., Brandeis, D., & Laucht, M. (2015).
The long-term impact of early life poverty on orbitofrontal cortex
volume in adulthood: Results from a prospective study over 25
years. Neuropsychopharmacology, 40(4), 996—1004.

Toannidis, K., Askelund, A. D., Kievit, R. A., & van Harmelen, A.-L.
(2020). The complex neurobiology of resilient functioning after
childhood maltreatment. BMC Medicine, 18(1), 32.

*Johnson, W. F., Huelsnitz, C. O., Carlson, E. A., Roisman, G. 1.,
Englund, M. M., Miller, G. E., & Simpson, J. A. (2017). Childhood
abuse and neglect and physical health at midlife: Prospective, long-
itudinal evidence. Development & Psychopathology, 29(5),
1935-1946.

*Kaess, M., Whittle, S., O’Brien-Simpson, L., Allen, N. B., & Sim-
mons, J. G. (2018). Childhood maltreatment, pituitary volume and



TRAUMA, VIOLENCE, & ABUSE XX(X)

adolescent hypothalamic-pituitary-adrenal axis—evidence for a
maltreatment-related attenuation. Psychoneuroendocrinology, 98,
39-45.

*Kim, M. J., Elliott, M. L., d’Arbeloff, T. C., Knodt, A. R., Radtke, S.
R., Brigidi, B. D., & Hariri, A. R. (2019). Microstructural integrity
of white matter moderates an association between childhood
adversity and adult trait anger. Aggressive Behavior, 45(3),
310-318.

*Kim, S., Watt, T., Ceballos, N., & Sharma, S. (2019). Adverse child-
hood experiences and neuroinflammatory biomarkers—The role of
sex. Stress and Health, 35(4), 432—440.

Koenen, K. C., Nugent, N. R., & Amstadter, A. B. (2008). Gene-
environment interaction in posttraumatic stress disorder. European
Archives of Psychiatry and Clinical Neuroscience, 258(2), 82-96.

Lecei, A., & van Winkel, R. (2020). Hippocampal pattern separation
of emotional information determining risk or resilience in individ-
uals exposed to childhood trauma: Linking exposure to neurode-
velopmental alterations and threat anticipation. Neuroscience and
Biobehavioral Reviews, 108, 160—170.

*Lee, C., Coe, C. L., & Ryff, C. D. (2017). Social disadvantage, severe
child abuse, and biological profiles in adulthood. Journal of Health
& Social Behavior, 58(3), 371-386.

Lewis, C. M., & Vassos, E. (2020). Polygenic risk scores: From
research tools to clinical instruments. Genome Medicine, 12(1),
1-11.

Maglione, D., Caputi, M., Moretti, B., & Scaini, S. (2018). Psycho-
pathological consequences of maltreatment among children and
adolescents: A systematic review of the GxXE literature. Research
in Developmental Disabilities, 82, 53—66.

McCrory, E., De Brito, S. A., & Viding, E. (2010). Research review:
The neurobiology and genetics of maltreatment and adversity.
Journal of Child Psychology and Psychiatry, 51(10), 1079-1095.

McCrory, E., De Brito, S. A., & Viding, E. (2011). The impact of
childhood maltreatment: A review of neurobiological and genetic
factors. Frontiers in Psychiatry, 2(48), 1-14.

McCullough, E., & Mathura, A. (2019). A comparison between a
neuro-physiological psychotherapy (NPP) treatment group and a
control group for children adopted from care: Support for a neu-
rodevelopmentally informed approach to therapeutic intervention
with maltreated children. Child Abuse & Neglect, 97, 104128.

*Mielke, E. L., Neukel, C., Bertsch, K., Reck, C., Méhler, E., &
Herpertz, S. C. (2016). Maternal sensitivity and the empathic brain:
Influences of early life maltreatment. Journal of Psychiatric
Research, 77, 59-66.

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred
reporting items for systematic reviews and meta-analyses: The
PRISMA statement. Annals of Internal Medicine, 151(4), 264-269.

*Moog, N. K., Entringer, S., Rasmussen, J. M., Styner, M., Gilmore, J.
H., Kathmann, N., Heim, C. M., Wadhwa, P. D, & Buss, C. (2018).
Intergenerational effect of maternal exposure to childhood mal-
treatment on newborn brain anatomy. Biological Psychiatry,
83(2), 120-127.

Moreno-Lopez, L., loannidis, K., Askelund, A. D., Smith, A. J.,
Schueler, K., & van Harmelen, A.-L. (2019). The resilient emo-
tional brain: A scoping review of the medial prefrontal cortex and
limbic structure and function in resilient adults with a history of

childhood maltreatment. Biological Psychiatry. Cognitive Neu-
roscience and Neuroimaging, 5(4), 392—402.

*Neukel, C., Herpertz, S. C., Hinid-Attar, C., Zietlow, A.-L., Fuchs,
A., Moehler, E., Bermpohl, F., & Bertsch, K. (2019). Neural pro-
cessing of the own child’s facial emotions in mothers with a history
of early life maltreatment. European Archives of Psychiatry and
Clinical Neuroscience, 269(2), 171-181.

Nusslock, R., & Miller, G. E. (2016). Early-life adversity and physical
and emotional health across the lifespan: A neuroimmune network
hypothesis. Biological Psychiatry, 80(1), 23-32.

*Paquola, C., Bennett, M. R., Hatton, S. N., Hermens, D. F., Groote, 1.,
& Lagopoulos, J. (2017). Hippocampal development in youth with
a history of childhood maltreatment. Journal of Psychiatric
Research, 91, 149-155.

*Peckins, M. K., Dockray, S., Eckenrode, J. L., Heaton, J., & Susman,
E. J. (2012). The longitudinal impact of exposure to violence on
cortisol reactivity in adolescents. Journal of Adolescent Health,
51(4), 366-372.

*Peverill, M., Sheridan, M. A., Busso, D. S., & McLaughlin, K. A.
(2019). Atypical prefrontal-amygdala circuitry following child-
hood exposure to abuse: Links with adolescent psychopathology.
Child Maltreatment, 24(4), 411-423.

*Pezzoli, P., Antfolk, J., Hatoum, A. S., & Santtila, P. (2019). Genetic
vulnerability to experiencing child maltreatment. Frontiers in
Genetics, 10, 852.

*Pittner, K., Cyr, C., Madigan, S., Alink, L., van Ijzendoorn, M. H.,
Buisman, R. S. M., Compier-de Block, L. H. C. G. C., van den
Berg, L. J. M., Elzinga, B. M., Lindenberg, J., Tollenaar, M. S.,
Diego, V. P., & Bakermans-Kranenburg, M. J. (2019). The genetic
and environmental etiology of child maltreatment in a parent-based
extended family design. Development & Psychopathology, 31(1),
157-172.

*Puetz, V. B., Parker, D., Kohn, N., Dahmen, B., Verma, R., & Kon-
rad, K. (2017). Altered brain network integrity after childhood
maltreatment: A structural connectomic DTI-study. Human Brain
Mapping, 38(2), 855-868.

*Puetz, V. B., Viding, E., Gerin, M. ., Pingault, J.-B., Sethi, A.,
Knodt, A. R., Radtke, S. R., Brigidi, B. D., Hariri, A. R., &
McCrory, E. (2019). Investigating patterns of neural response asso-
ciated with childhood abuse v. Childhood neglect. Psychological
Medicine, 1-10.

*Ridout, K. K., Parade, S. H., Kao, H.-T., Magnan, S., Seifer, R.,
Porton, B., Price, L. H., & Tyrka, A. R. (2019). Childhood
maltreatment, behavioral adjustment, and molecular markers of
cellular aging in preschool-aged children: A cohort study. Psycho-
neuroendocrinology, 107, 261-269.

*Rodman, A. M., Jenness, J. L., Weissman, D. G., Pine, D. S., &
McLaughlin, K. A. (2019). Neurobiological markers of resilience
to depression following childhood maltreatment: The role of neural
circuits supporting the cognitive control of emotion. Biological
Psychiatry, 86(6), 464-473.

*Rooks, C., Veledar, E., Goldberg, J., Bremner, J. D., & Vaccarino, V.
(2012). Early trauma and inflammation: Role of familial factors in
a study of twins. Psychosomatic Medicine, 74(2), 146—152.

Roos, L. E., Horn, S., Berkman, E. T., Pears, K., & Fisher, P. A.
(2018). Leveraging translational neuroscience to inform early



Cooke et al.

17

intervention and addiction prevention for children exposed to early
life stress. Neurobiology of Stress, 9, 231-240.

*Scheuer, S., Wiggert, N., Briickl, T. M., Awaloff, Y., Uhr, M., Lucae,
S., Kloiber, S., Holsboer, F., Ising, M., & Wilhelm, F. H. (2018).
Childhood abuse and depression in adulthood: The mediating role
of allostatic load. Psychoneuroendocrinology, 94, 134—142.

Schwartz, J. A., Wright, E. M., & Valgardson, B. A. (2019). Adverse
childhood experiences and deleterious outcomes in adulthood: A
consideration of the simultaneous role of genetic and environmen-
tal influences in two independent samples from the United States.
Child Abuse & Neglect, 88, 420-431.

Scoglio, A. A., Kraus, S. W., Saczynski, J., Jooma, S., & Molnar, B. E.
(2019). Systematic review of risk and protective factors for revicti-
mization after child sexual abuse. Trauma, Violence, & Abuse, 1-13.

Sedlak, A. J., Mettenburg, J., Basena, M., Peta, 1., McPherson, K., &
Greene, A. (2010). Fourth National Incidence Study of child abuse
and neglect (NIS-4). U.S. Department of Health and Human Ser-
vices, 9.

Seeman, T., Gruenewald, T., Karlamangla, A., Sidney, S., Liu, K.,
Mcewen, B., & Schwartz, J. (2010). Modeling multisystem biologi-
cal risk in young adults: The coronary artery risk development in
young adults study. American Journal of Human Biology: The Offi-
cial Journal of the Human Biology Association, 22(4), 463—472.

*Slopen, N., Lewis, T. T., Gruenewald, T. L., Mujahid, M. S., Ryff, C.
D., Albert, M. A., & Williams, D. R. (2010). Early life adversity
and inflammation in African Americans and Whites in the Midlife
in the United States Survey. Psychosomatic Medicine, 72(7),
694-701.

*Stern, A., Agnew-Blais, J., Danese, A., Fisher, H. L., Jaffee, S. R,
Matthews, T., Polanczyk, G. V., & Arseneault, L. (2018). Associa-
tions between abuse/neglect and ADHD from childhood to young
adulthood: A prospective nationally-representative twin study.
Child Abuse & Neglect, 81, 274-285.

Tam, V., Patel, N., Turcotte, M., Bossé, Y., Paré, G., & Meyre, D.
(2019). Benefits and limitations of genome-wide association stud-
ies. Nature Reviews Genetics, 20(8), 467-484.

*Tanksley, P. T., Barnes, J. C., Boutwell, B. B., Arseneault, L., Caspi,
A., Danese, A., Fisher, H. L., & Moffitt, T. E. (2020). Identifying
psychological pathways to polyvictimization: Evidence from a
longitudinal cohort study of twins from the UK. Journal of Experi-
mental Criminology, 16(3), 431-461.

Taylor, S. E., Repetti, R. L., & Seeman, T. (1997). Health psychology:
What is an unhealthy environment and how does it get under the
skin? Annual Review of Psychology, 48(1), 411-447.

*Teicher, M. H., Anderson, C. M., & Polcari, A. (2012). Childhood
maltreatment is associated with reduced volume in the hippocam-
pal subfields CA3, dentate gyrus, and subiculum. PNAS Proceed-
ings of the National Academy of Sciences of the United States of
America, 109(9), 563-572.

Tomalski, P., & Johnson, M. H. (2010). The effects of early adversity
on the adult and developing brain. Current Opinion in Psychiatry,
23(3), 233-238.

Trouton, A., Spinath, F. M., & Plomin, R. (2002). Twins early devel-
opment study (TEDS): A multivariate, longitudinal genetic inves-
tigation of language, cognition and behavior problems in
childhood. Twin Research and Human Genetics, 5(5), 444—448.

Twardosz, S., & Lutzker, J. R. (2010). Child maltreatment and the
developing brain: A review of neuroscience perspectives. Aggres-
sion and Violent Behavior, 15(1), 59-68.

*Van Dam, N. T., Rando, K., Potenza, M. N., Tuit, K., & Sinha, R.
(2014). Childhood maltreatment, altered limbic neurobiology, and
substance use relapse severity via trauma-specific reductions in
limbic gray matter volume. JAMA Psychiatry, 71(8), 917-925.

*van den Berg, L. J. M., Tollenaar, M. S., Pittner, K., Compier-de
Block, L. H. C. G., Buisman, R. S. M., van IJzendoorn, M. H., &
Elzinga, B. M. (2018). Pass it on? The neural responses to rejection
in the context of a family study on maltreatment. Social Cognitive
and Affective Neuroscience, 13(6), 616—627.

*van der Werff, S. J. A., Pannekoek, J. N., Veer, I. M., van Tol, M.-J.,
Aleman, A., Veltman, D. J., Zitman, F. G., Rombouts, S. A.,
Elzinga, B. M., & van der Wee, N. J. A. (2013). Resilience to
childhood maltreatment is associated with increased resting-state
functional connectivity of the salience network with the lingual
gyrus. Child Abuse & Neglect, 37(11), 1021-1029.

*van Harmelen, A.-L., van Tol, M.-J., Demenescu, L. R., van der
Wee, N. J. A., Veltman, D. J., Aleman, A., van Buchem, M. A.,
Spinhoven, P., Penninx, B. W. J. H., & Elzinga, B. M. E. (2013).
Enhanced amygdala reactivity to emotional faces in adults report-
ing childhood emotional maltreatment. Social Cognitive and Affec-
tive Neuroscience, 8(4), 362-369.

*van Rooij, S. J., Smith, R. D., Stenson, A. F., Ely, T. D., Yang, X.,
Tottenham, N., Stevens, J. S., & Jovanovic, T. (2020). Increased
activation of the fear neurocircuitry in children exposed to vio-
lence. Depression and Anxiety, 37(4), 303-312.

*Vaske, J., Boisvert, D., & Wright, J. P. (2012). Genetic and environ-
mental contributions to the relationship between violent victimiza-
tion and criminal behavior. Journal of Interpersonal Violence,
27(16), 3213-3235.

Visscher, P. M., Wray, N. R., Zhang, Q., Sklar, P., McCarthy, M. 1.,
Brown, M. A., & Yang, J. (2017). 10 years of GWAS discovery:
Biology, function, and translation. The American Journal of
Human Genetics, 101(1), 5-22.

Verhulst, B. (2017). A power calculator for the classical twin design.
Behavior Genetics, 47(2), 255-261.

*York, T. P., Brumelle, J., Juusola, J., Kendler, K. S., Eaves, L. J.,
Amstadter, A. B., Aggen, S. H., Jones, K. H., Ferreira-Gonzalez,
A., & Jackson-Cook, C. (2013). Increased frequency of micronu-
clei in adults with a history of childhood sexual abuse: A discor-
dant monozygotic twin study. PLoS One, 8(1), €55337.

*Zwicker, A., MacKenzie, L. E., Drobinin, V., Bagher, A. M., Howes
Vallis, E., Propper, L., Bagnell, A., Abidi, S., Pavlova, B., Alda, M.,
Denovan-Wright, E. M., & Uher, R. (2020). Neurodevelopmental
and genetic determinants of exposure to adversity among youth at
risk for mental illness. Journal of Child Psychology and Psychiatry,
61(5), 536-544..

Author Biographies

Eric M. Cooke (PhD) is a graduating doctoral student in the Department
of Criminal Justice and Criminology at Sam Houston State University.
His research interests include biopsychosocial criminology, life-course
criminology, quantitative research methods, and victimology.



18

TRAUMA, VIOLENCE, & ABUSE XX(X)

Eric J. Connolly (PhD) is an associate professor in the Department of
Criminal Justice and Criminology at Sam Houston State University.
His research focuses on examining the biological and environmental
contributions to antisocial behavior and victimization across the life
course. His work has appeared in journals such as Criminology, Child
Development, Journal of Adolescent Health, Journal of Quantitative
Criminology, and Journal of Research in Crime and Delinquency.

Danielle L. Boisvert (PhD) is an associate professor in the Depart-
ment of Criminal Justice and Criminology at Sam Houston State Uni-
versity. Her key research interests include life-course/developmental
criminology, biosocial criminology, and behavioral genetics. Her
research is focused mainly on the examination of genetic and

environmental influences on a variety of delinquent and criminal
behaviors throughout the life course.

Brittany E. Hayes (PhD) is an assistant professor in the School of
Criminal Justice at the University of Cincinnati. Her research
focuses on victimology and has been published in the American
Sociological Review, Justice Quarterly, and the Journal of Research
in Crime and Delinquency. In 2017, she received the American Soci-
ety of Criminology (ASC) Division of Victimology Faculty
Researcher Award. In 2018, she received the Academy of Criminal
Justice Sciences William L. Simon/Routledge Outstanding Paper
Award. She is the 2019 recipient of the ASC Division on Women
and Crime New Scholar Award




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


