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Introduction to New Frontiers in the Biology
of Stress

In Dostoyevsky’s epic tale, Alyosha, the youngest and purest of Dostoyevsky’s
brothers Karamazov, is concerned that his brother Ivan has publically professed
himself an atheist. With Alyosha being a monk, his brother’s salvation is vitally
important to him, and he implores Ivan to tell him why he has abandoned his faith.
Ivan tells his brother that he simply cannot espouse belief in a benevolent creator
who would knowingly allow children to suffer abuse. To make his case, Ivan goes
on to describe graphic accounts of child abuse that he has witnessed throughout his
travels. In the telling, Dostoyevsky doesn’t stop at just two or three examples. He
devotes pages and pages to five, six, seven chilling stories of children being victim-
ized, with gruesome detail of unspeakable acts. One can’t help wondering, “Why so
many accounts? We got the point after the first five!” But Dostoyevsky is relentless,
perhaps because he wanted to begin a conversation about child abuse in a way that
is difficult to ignore or brush aside. Although published in 1880, the details of these
accounts resonate even today. Yes, these stories are still all-too-familiar to those of
you who work on the frontlines, those who do treatment, and those who seek to
make sense of such stories. Rest assured, there are another 600 pages in which to
decide if Ivan can rectify his faith crisis as Dostoyevsky presents redemptive exam-
ples of human decency and interventions on behalf of suffering children. He does
this, perhaps, because he recognized that simply telling the story of an abused child
does little good. It is what we do with the story that counts.

The same is true for knowledge. Knowledge does no good if it sits untranslated
in academic journals or gets buried in jargon behind university walls. Likewise,
knowledge does no good if it addresses unimportant questions or has little or no
impact on a problem. Answering relevant questions that can generate workable
solutions is, in fact, the chief responsibility of science. Translating these solutions
into products that can be realistically implemented within the confines of the end-
user environment is also of vital importance and is an all-too-often overlooked basic
tenet of science.

The conference, titled “New Frontiers in the Biology of Stress, Maltreatment and
Trauma: Opportunities for translation, resilience and reversibility,” held on
September 30—October 1, 2015, at Penn State’s Nittany Lion Inn, brought together
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X Introduction to New Frontiers in the Biology of Stress

a group of scientists who are arguably the best researchers in the world on biological
embedding. Also in attendance were some of the best in the world at translational
messaging who will help transform this knowledge into workable, practical solu-
tions for victims, practitioners, and future theorists. Finally, in attendance were
brave, committed, and selfless individuals who have dedicated their lives to serving
abused and neglected children on the front lines—social workers, child welfare
workers, children and youth professionals, advocates, law enforcement, therapists,
and pediatricians. We all came together to talk about the impact of abuse and neglect
on our most vulnerable children, to discuss ways in which these lives—although
profoundly affected by trauma and early life stress—can be set on a course of recov-
ery, resilience, and hope. The commitment of all involved was to dedicate these few
days, and our individual professional efforts, to the betterment of children. Until we
can completely prevent child abuse and neglect from impacting the lives of children,
those dedicated among us will work tirelessly to serve survivors using the best tools
available to promote well-being and set in motion an optimal developmental course
that holds the best promise for promoting healthy, productive lives.

There are the “stepping stones” of scientific impact—that is, taking ideas through
the scientific method and then through implementation, refinement, and uptake. But
we all know that this process can take years, even decades, before knowledge
becomes useful. And in the meantime, more and more of Dostoyevsky’s stories get
told. This is why we brought basic scientists who work at the molecular level
together with other scientists who understand the human processes of resilience and
the possibilities for reversing the damage of stress, trauma, and maltreatment. This
is why we so value the presence of practitioners, child welfare professionals, and
advocates—to ensure that we are asking the right questions and working toward
useful solutions. When we look at this problem through many different lenses, the
science-to-practice process can be accelerated.

It might be helpful to imagine how, collectively, we might think of these as not
merely “stepping stones,” but rather “leaping stones.” How, by coming together to
have a conversation and produce a common language, we can help each other in
accelerating the process of science and its translation. Like playing a game of leap-
frog—where one person stoops on the ground and the other person leaps over, tak-
ing turns running and leaping over each other—by working together, the leaps made
by a team can cover significantly more ground, more swiftly, than individuals would
by leaping alone. In this way, we can think about our individual contributions to
solutions and the ways in which we can facilitate change: when it is our turn to leap,
and when we should be on the ground supporting the progress of others. Whether
crafting a special issue of a journal, contributing to a data repository, or helping to
recruit families for research, there are several examples of how we can help each
other facilitate change for survivors and spark novel and sustained change.
Collectively, we can make swift progress. Each of us plays an important role in
solving complex problems in ways that will have a sustaining impact. On behalf of
vulnerable and suffering children, we should be constantly reminded to keep the
conversation going.
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Although we may have the desire to help one another in greasing the skids of
science-to-practice, we need to remember that we are all coming from different
perspectives, and we serve different masters and have to satisfy different stakehold-
ers. So we need to be patient, and we need to communicate effectively. In this way,
we will maximize our collective success.

A few resources are specifically dedicated to keeping the cross-system conversa-
tion vibrant and productive. Assembling this distinguished team of authors for this
volume is one such resource.

Novel research in the science of stress biology has opened exciting new avenues
for understanding how stress “gets under the skin,” providing real opportunities for
translation. The fields of endocrinology/immunology, neuroscience, and genomics
are, independently and together, advancing knowledge that will change the way we
think about early life stressors, such as how child maltreatment and other forms of
traumatic experiences become biologically embedded and can impact subsequent
health, development, and well-being. This collective interdisciplinary science is
grappling with the notion that there might be biologic explanations that characterize
why some affected individuals are more susceptible than others to the deleterious
impact of stress. More importantly, the fact that environmental buffers can explain
some of these individual differences sheds light on the real possibility that early
adversity can be interrupted, intervened upon, and even reversed. Understanding
how nurture intersects with nature will spark critical innovation in how to curtail the
acute impact of stress, maltreatment, and trauma, as well as how to prevent further
deterioration.

The purpose of this volume is to showcase recent biological advancements
related to child maltreatment and other forms of trauma and chronic stress. Three
distinct sections will cover processes of biological embedding (i.e., endocrine sys-
tem/immunology, brain development, and genomics). Emphasizing the endocrine
system/immunology section, Jacinda Li and Andrea Danese focus on inflammation
as a key mediating pathway on the development of psychopathology; Christine
Heim discusses early life stress and the role of genetics and epigenetic changes in
genes related to stress regulation; and Bruce Ellis provides an adaption-based
approach to explain the mind’s ability to adapt and problem-solve in stressful envi-
ronments, which can enable some individuals to thrive under such stress. In the
brain development section, Jacoba Rock, Charles Geier, Jennie Noll, and Michael
De Bellis discuss a conceptual framework for understanding key neurobiological
developmental effects in children who experience maltreatment and the role of
PTSD in exacerbating the developmental impact of trauma; Ryan Herringa furthers
the discussion of the effects of childhood maltreatment and PTSD on the brain’s
processing of threat; Olivia Altamirano, Alex Basile, and Victor G. Carrion focus on
pediatric PTSD with children who experience multiple stressors and novel interven-
tions/treatments to successfully adapt to posttraumatic deficits. Within the genomics
section, Andree-Anne Bouvette-Turcot, Michael J. Meaney, and Kieran J. O’Donnell
review the data from both preclinical models and clinical studies of early adversity
and epigenetic mechanisms.
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A final section focuses on resilience from a multi-level, multidisciplinary per-
spective, including potential avenues for reversibility. Kan Long and George
A. Bonanno provide a new conceptual framework for resilience that includes pre-
adversity functioning, the actual aversive circumstances, post-adversity resilient
outcomes, and predictors of resilient outcomes.

A final chapter details a panel discussion of the data and ideas presented in these
four areas, in which discourse among panel and audience members was
encouraged.

Translation is a fundamental, yet often elusive, principle of science. The content
of this book strives to include an integrative “translation” and “future-directions”
component with particular focus on (1) how this research can be understood in the
context of serving and treating stress-exposed individuals, and (2) applicable strate-
gies for prevention, mitigating injurious outcomes, and reversibility. With eclectic
representation, this volume presents a unique opportunity to encourage a dialogue
between expert researchers, trainees, and front-line practitioners—an essential pro-
cess in illuminating the “next steps” in scientific inquiry and the evolution of scien-
tific knowledge into real-world application and practice.

The Pennsylvania State University Jennie G. Noll
USA
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Chapter 1
Biological Embedding of Child
Maltreatment Through Inflammation

Jacinda C. Li and Andrea Danese

1.1 Introduction

The effects of trauma, maltreatment, and early-life stress on the immune system
have gained increasing attention in research and clinical settings (Danese &
Baldwin, 2017; Danese & Lewis, 2017). Exploring the effects of early-life stress on
the immune system may uncover new targets for prevention and treatment of child-
hood traumatic stress-related psychopathology.

This chapter will provide a broad introduction to early-life stress and the
immune system. First, the chapter will provide an overview on the relation between
early-life stress and immunology. Next, relevant biological studies will be briefly
summarized. Finally, the clinical implications of these biological studies will be
discussed.

This chapter will illustrate the effects of early-life stress on the immune system
as possible mediating pathways for the relation between childhood maltreatment
and depression. Although a substantial amount of evidence exists to show that mal-
treatment is one of the key risk factors for the development of depression later in life
(Widom, DuMont, & Czaja, 2007), specifically how maltreatment might contribute
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2 J. C. Liand A. Danese

to the risk for depression is still unclear. This chapter will suggest that the immune
system, particularly inflammation, may be one of the key mediating pathways that
might explain the effects of childhood maltreatment on depression.

1.2 What Is Inflammation?

Innate immunity is an evolutionarily well-conserved component of the immune sys-
tem. It has been shaped by the natural selection process because of repeated encoun-
ters of humans and their ancestors with common environmental pathogens throughout
evolution. As a result of these encounters, innate immunity provides protection
against common environmental pathogens to humans from their time of birth.

The innate immune system comprises a number of different elements. The body
physical barriers, which include the skin and the gastrointestinal tract, separate the inter-
nal body environment from the external environment. The non-self recognition elements,
which include the complement system and the toll-like receptors, recognize foreign enti-
ties that enter the body and then trigger the activation elements. The activation elements,
which include the cytokines and the endothelial and other cells, contribute to the activa-
tion of the inflammatory response. This inflammatory response in turn triggers the
response elements. The response elements, which include the phagocytes and the acute
phase proteins, drive the innate immune response against the invading pathogens.

In cases of physical wounds and traumas, inflammation constitutes a vital
response for preventing the spread of infection and for promoting tissue repair. The
activation of the inflammatory response leads the liver to secrete several acute phase
proteins, such as the response elements C-reactive protein (CRP) and fibrinogen.
These response elements are released into the circulatory system and travel to the
location of the wounds to combat infections. These response elements can also be
relatively easily measured in the blood. As the end-products of the cascade of
immune response events, the response elements can be measured to obtain informa-
tion about the degree of activation of the inflammatory response.

1.3 Inflammation and Depression

How is inflammation related to the development of psychopathology? Consider the
pathophysiology of depression, for example. Several molecular theories exist for
explaining the processes by which inflammation may lead to depression. Figure 1.1
depicts one of the top theories developed over the last several years based on
research in animal and humans models (Dantzer, O’Connor, Freund, Johnson, &
Kelley, 2008; Miller, Maletic, & Raison, 2009). This theory centers on the role of
the amino acid tryptophan. Tryptophan is the key precursor for the synthesis of
serotonin, a neurotransmitter crucially involved in mood regulation. The signifi-
cance of serotonin in mood regulation is, for example, supported by the clinical
efficacy of the selective serotonin reuptake inhibitors (SSRIs), which increase the



1 Biological Embedding of Child Maltreatment Through Inflammation 3

Tryptophan

\
Kynurenine V\ 5-Hydroxytryptophan
renine\&

3-Hydroxykynu
Kynurenic acid

v
Quinolinic acid ~ — _

1
|
- _

= NMDA receptor

v
Nicotinamide

Fig. 1.1 Molecular theory of the effect of inflammation on depression through tryptophan. /DO
indoleamine 2,3-dioxygenase, /FN-y interferon (IFN)-y, TNF-a tumor necrosis factor-o, NMDA
receptor N-methyl-D-aspartate receptor. Figure adapted from Dantzer, R., et al. (2008). Nature
Reviews Neuroscience, 9, 4656

levels of serotonin in the synapse by inhibiting its reuptake through the serotonin
transporter. In conditions of systemic inflammation, serum levels of the pro-
inflammatory cytokines (i.e., response elements) interferon (IFN)-y and tumor
necrosis factor (TNF)-a are elevated. These cytokines stimulate an enzyme called
indoleamine 2,3-dioxygenase (IDO). The IDO enzyme shunts tryptophan away
from the synthesis of serotonin into an alternative path involving the synthesis of
kynurenine. This path eventually leads to the stimulation of the N-methyl-D-
aspartate (NMDA) receptor. The overstimulation of the NMDA receptor leads to its
excitotoxicity, a pathological process that leads to neuron damage and deaths (Miller
et al., 2009). Neuronal damage, including atrophy and loss of neurons and glia in
the brain, is a key feature of the pathophysiology of depression (Miller et al., 2009).
Therefore, conditions of systemic inflammation may bring about depression by
lowering levels of serotonin and increasing the stimulation of the NMDA receptors.
Other mechanisms also likely exist that contribute to the effect of inflammation on
depression, as well as on a range of other psychiatric conditions. A comprehensive
review of existing mechanisms, however, is beyond the scope of this chapter.

1.3.1 Studies in Humans on the Relation
Between Inflammation and Depression

Given that inflammation might play an important role in the pathophysiology of
depression, it can be expected that individuals in a clinical setting (i.e., patients)
with depression would display higher levels of inflammation compared to patients
without depression or nondepressed control individuals in a community setting.
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Howren, Lamkin, and Suls (2009) conducted one of the existing meta-analyses that
investigated the associations between depression and several key biomarkers of
inflammation in community and clinical samples. The meta-analysis found that,
compared to nondepressed adults, depressed adults displayed a statistically signifi-
cant elevation in plasma levels of the following biomarkers: CRP (Cohen’s d =0.15,
95% confidence interval [CI]: 0.10-0.21, p < 0.001), interleukin (IL)-6 (d = 0.25,
95% CI: 0.18-0.31, p < 0.001), IL-1 (d = 0.35, 95% CI: 0.03-0.67, p = 0.03), and
IL-1ra (d = 0.25, 95% CI: 0.04-0.46, p = 0.02). Because these data were correla-
tional, however, the causal direction of these associations—inflammation leading to
depression or depression leading to inflammation, or the existence of a bidirectional
influence—could not be clarified.

Thus, experimental studies in both animal models and humans are essential for
clarifying the direction of these associations. One such experimental study in
humans was conducted by Musselman et al. (2001). This study was one of the first
to show that the clinical use of pro-inflammatory cytokines for treating different
types of cancer might induce depression in adults. In this double-blind study, 40
patients with diagnoses for malignant melanoma but no depression at the beginning
of the study underwent therapy with cytokine interferon alfa, which stimulates the
body’s immune system. These patients were randomly assigned to receive either a
placebo or the SSRI antidepressant paroxetine. After the first 12 weeks of the
interferon-alfa therapy, the researchers observed among the cancer patients with no
prior history of depression a progressive increase in the risks for major depression,
as indicated by the reduction over time in the proportion of the sample that was free
of diagnoses of major depression. This decline in the proportion of those free of
depression was particularly pronounced among the patients who had received the
placebo. The group that received the SSRI paroxetine, however, maintained a higher
proportion of patients who were free of major depression, indicating that the admin-
istration of paroxetine may have partially buffered the effect of interferon-alfa ther-
apy on risks of depressive symptoms. These findings suggest that compensating for
some of the biological pathways through which inflammation may lead to depres-
sion (i.e., compensating for the reduced synthesis of serotonin with inhibited reup-
take from the synaptic cleft) might help to reduce inflammation-induced risks of
depression.

1.4 Child Maltreatment and Inflammation

In the effort to investigate the potential mediating role of inflammation in the asso-
ciation between childhood maltreatment and depression, it is important to test
whether childhood maltreatment is associated with later inflammation. Similar to
physical infections and tissue damage, acute and chronic psychosocial stress akin to
maltreatment can trigger the inflammatory response. Exposure to stress triggers the
activation of the sympathetic nervous system. The sympathetic nervous system, a
component of the peripheral nervous system, leads to the activation of the
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inflammatory response. Stress-induced activation of the inflammatory response is
considered an evolutionarily conserved mechanism through which exposure to psy-
chosocial stress prepares the body to face tissue damage and infections, should they
occur. In the modern day, however, perceptions of stress are not often accompanied
by physical injury. Thus, the ability to “switch off” the inflammatory response
becomes critical to maintaining homeostasis because inflammation, while a power-
ful tool to destroy foreign particles from the environment, is also a nonspecific
response that can attack one’s own body. Chronic exposure to inflammation may
eventually contribute to cardiovascular disease, diabetes, and potentially dementia
(Danese & McEwen, 2012). The body has redundant pathways aimed at inhibiting
inflammation. One pathway is the activation of the parasympathetic nervous system
(PSNS), a different branch of the peripheral nervous system. The other pathway is
the activation of the hypothalamic-pituitary-adrenal (HPA) axis, which results in the
secretion of the glucocorticoid cortisol. Cortisol is one of the most powerful anti-
inflammatory compounds in the body. It is also used pharmaceutically to treat
inflammatory conditions. The effectiveness of cortisol in fighting inflammation is
very important in the context of maltreatment because adults with a history of child-
hood maltreatment also have impairment in the function of the HPA axis, poten-
tially due to the relative resistance of the glucocorticoid receptor to the effect of
cortisol (Heim, Newport, Mletzko, Miller, & Nemeroff, 2008). The resistance of the
glucocorticoid receptor to cortisol may mean that even if the levels of the hormone
cortisol were normal, or perhaps even elevated, in adults with a history of childhood
maltreatment, these elevated levels of the hormone do not translate into increased
effects of the hormone. It is then possible that adults with a history of childhood
maltreatment may also have high levels of inflammation due to the impaired func-
tioning of this anti-inflammatory pathway involving the HPA axis.

1.4.1 Epidemiological Studies for Child Maltreatment
and Inflammation

This section will describe two studies in humans that examined the association
between exposure to childhood maltreatment and risks for inflammation in
adulthood.

Danese, Pariante, Caspi, Taylor, and Poulton (2007) investigated the life-course
association between childhood maltreatment and adult inflammation in a birth
cohort as part of the Dunedin Multidisciplinary Health and Development Study. The
Dunedin Study is life-course study that began in Dunedin, New Zealand in 1972—
1973 with a representative birth cohort of a thousand participants who were fol-
lowed over their life course. The outcome measures for inflammation were drawn
from participants when they were 32 years of age and included clinically relevant
biomarkers of inflammation, such as high sensitive C-reactive protein (hsCRP),
fibrinogen, and white blood cell counts (WBC). These indicators of inflammation
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are commonly used by physicians to predict the risks of developing cardiovascular
diseases. The prospective longitudinal study design allowed for the number of
childhood maltreatment experiences to be prospectively measured.

The childhood maltreatment indicator was a composite score of experiences that
occurred between the ages of 3 and 11. Maternal rejection was measured by a clini-
cal psychologist who observed the relationship between the mothers and the chil-
dren starting when the children were age 3. Harsh discipline was measured using
the parenting questionnaires when children were ages 5 and 7. Out of the sample-
wide distribution, the top decile was calculated to identify the parents who, for that
context and time, were particularly harsh to their children. Disruptive caregiver
changes refer to repeated changes in primary caregivers, mainly caused by child
protection concerns. Reports of physical and sexual abuse were obtained retrospec-
tively from study participants at age 26 years. Although retrospective in nature,
these reports of abuse were obtained prior to the outcomes of inflammation bio-
markers and thus were unlikely to bias the results of the analyses. The cumulative
prevalence of the abuse indicator revealed that three out of ten study participants
experienced one of these childhood maltreatment experiences, and one of ten study
members experienced two or more. Analyses were conducted based on the catego-
ries of no, probable, or definite maltreatment.

The first aim of the study was to examine the association between maltreatment
and high levels of hsCRP (defined as greater than three milligrams per liter), which
is a key risk factor for later cardiovascular disease. This definition for a high level of
hsCRP has been endorsed by the Centers for Disease Control (CDC) and the
American Heart Association as a reliable screening measure for risks of cardiovas-
cular disease (Pearson et al., 2003). The results of these analyses showed that expo-
sure to maltreatment was associated with a greater risk of high levels of hsCRP in
adulthood. Participants who were classified in the category of individuals who had
“probable” childhood maltreatment exposure had only a slightly increased, but not
statistically significant, risk of having high levels of hsCRP (21.3% of the group had
high hsCRP levels) compared to participants who had no childhood maltreatment
exposures (18% of the group had high hsCRP levels). However, participants who
were classified in the category of individuals who had “definite” childhood mal-
treatment exposures (i.e., a more extreme form of maltreatment), had a significantly
greater risk of having high levels of hsCRP (32.5% of the group), and were almost
twice as likely to have high levels of CRP in adulthood when compared to participants
who had no childhood maltreatment exposure [risk ratio (RR) 1.80, 95% confidence
interval (CI) 1.26-2.58].

Given that these results were based on long-term associations that might have
included numerous intervening events between childhood and adulthood, alterna-
tive hypotheses to explain the association between childhood maltreatment and
inflammation in adulthood were also tested. A common hypothesis from the litera-
ture is that maltreated children experience a cluster of early-life risk factors (Widom,
1989), including low birth weight (Sattar et al., 2004), socioeconomic disadvantage
(Taylor, Lehman, Kiefe, & Seeman, 2006), and low intelligence quotients (IQ)
(Whalley & Deary, 2001), which are independently associated with inflammation
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later in life. It is then possible that, rather than maltreatment having an effect on
inflammation later on in life, other factors that were correlated with both maltreat-
ment and inflammation could have explained the association observed. Furthermore,
maltreated children are more likely to experience stress (Kiecolt-Glaser et al., 2003)
and depression (Ford & Erlinger, 2004) in adulthood and to live in disadvantaged
socioeconomic conditions (Steptoe, Owen, Kunz-Ebrecht, & Mohamed-Ali, 2002).
Because these conditions occur in adulthood rather than childhood, they are not an
alternative explanation (confounding). Rather, they highlight the potential processes
by which maltreated children might develop high levels of inflammation (media-
tion). Depression and perceived stress are both also independent predictors of
inflammation. Finally, maltreated children are more likely to have poor general
health and health behaviors. For example, maltreated children are more likely to
develop metabolic syndrome and smoke as adults. Some of these factors, again,
independently predict inflammation. Of note, even after accounting for all of the
above alternative hypotheses in regression analyses, the association between child-
hood maltreatment and a high level of CRP remained significant.

Still, questions remain regarding whether the association between childhood
maltreatment and inflammation relies on only one measure of inflammation or can
be generalized to other measures of inflammation. Thus, continuous measures of
inflammation were then examined as outcomes to indicate not only whether high
levels of inflammation exist but also ~ow much inflammation exists. Thus, the test
of the association between childhood maltreatment and inflammation was extended
to continuous measures of hsCRP, fibrinogen, and WBC. Results showed that the
significant association between childhood maltreatment and inflammation could be
generalized to the continuous measures of hsCRP, fibrinogen, and WBC, suggest-
ing that the association between childhood maltreatment and inflammation was not
sensitive to a particular measure. Finally, the variances of all three biomarkers
were combined into one factor calculated using principle component analysis, with
the assumption that what was shared between three biomarkers of inflammation
more specifically measures inflammation. Even with this more specific measure of
inflammation, significant and graded associations between maltreatment and
inflammation remained. In summary, these analyses indicated that childhood mal-
treatment might help to identify individuals in the population who have high levels
of inflammation.

In order to test the research question regarding whether childhood maltreat-
ment could contribute to identifying subgroups of individuals with depression
who also have elevated inflammation levels, Danese et al. (2008) again utilized
the Dunedin Study data. The following groups of individuals were examined: (1)
those who did not have a history of maltreatment or depression to serve as con-
trols; (2) those who had only depression, but no maltreatment; (3) those who had
maltreatment but no depression; and (4) those who had both maltreatment and
depression. The researchers tested the association between those being classified
in each of these groups and having a high inflammation level as indexed by a level
of hsCRP greater than three milligram per liter. In the sample, high levels of
hsCRP were found in 17.9% of the control group, 25% of participants who had
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only depression, 30.4% of participants who had only maltreatment, and 37% of
participants who had depression and maltreatment. Among the four groups of
participants, those who only had depression had a small, not statistically signifi-
cant, increase in the risk of having high hsCRP levels (relative risk [RR] 1.40;
95% CI: 0.97-2.01). However, those with maltreatment only (RR 1.45; 95% CI:
1.06-1.99), and to an even greater extent those with maltreatment and depression
(RR 2.07; 95% CI: 1.23-3.47), had significantly elevated risks of having high
hsCRP levels. These findings suggest that maltreatment may not only be useful
for identifying individuals with high levels of inflammation in the general popula-
tion, but may also have similar potential in clinical settings for identifying patients
with depression who have these high levels of inflammation. These associations
also generalized to a composite inflammation factor created by combining the
measures of the hsCRP, fibrinogen, and WBC. The elevated inflammation levels
in depressed individuals with maltreatment history remained robust after account-
ing for correlated risk factors, such as depression recurrence, low socioeconomic
status in childhood or adulthood, poor health, or smoking. These results suggest
that a history of childhood maltreatment may help to identify subgroups of indi-
viduals with elevated inflammation levels who are thus at risk for developing sub-
sequent cardiovascular diseases.

In summary, the set of research studies presented above suggests that individuals
who were maltreated as children may display a stress-related elevation in inflamma-
tion levels. Follow-up studies in other samples observed that this elevation in inflam-
mation levels had likely already started during childhood (Danese et al., 2011).

1.5 Clinical Implications

The research finding presented above have potential clinical implications
in depression. Depression is a recurrent and potentially progressive type of ill-
ness. The yearly or 12-month prevalence of depression is 7%, whereas the life-
time prevalence of depression is 16% (Kessler et al., 2003; Solomon et al., 2000).
The finding that the lifetime prevalence of depression is only about twice as much
as the yearly prevalence of depression suggests that depression is a recurrent type
of illness because many of the episodes contributing to the lifetime prevalence of
depression are likely to originate from the same group of people. Clinical obser-
vations support this conjecture, showing that 60% of remitted patients will have
recurrence in 5 years, and growing evidence shows that each new episode of
depression increases the risk of recurrence and reduces the time to recurrence.
Therefore, identifying groups of people who proceed to develop recurrent types
of depression can contribute to the prevention of the largest health burdens related
to depression.
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Fig. 1.2 Meta-analysis of epidemiological studies investigating the association between child-
hood maltreatment and depression course (random effects). The red diamonds show the combined
effect sizes for studies concerned with depression recurrence and depression persistence as well as
the overall effect size of the meta-analysis (top to bottom). From Nanni, V., Uher, R., & Danese, A.
(2012). American Journal of Psychiatry, 169, 141-151. Reprinted with permission from the
American Journal of Psychiatry, (Copyright ©2012). American Psychiatric Association. All Rights
Reserved

1.5.1 Childhood Maltreatment and Depression Subtypes

The different types of depression seem to have varying associations with inflamma-
tion. A large American study conducted by Ford and Erlinger (2004) found that
individuals with a history of multiple recurrent cases of depression had elevated
inflammation levels, while individuals with single episodes of depression did not
have elevated levels compared to individuals with no depression.

If maltreatment is associated with inflammation, which is in turn associated with
a recurrent subtype of depression, then one could hypothesize that maltreatment
may also be related to a recurrent subtype of depression. Nanni, Uher, and Danese
(2012) conducted the first meta-analysis of epidemiological studies that examined
both the risk and course of depression in maltreated individuals. The researchers
examined outcomes including the recurrence and the persistence of depression.
Figure 1.2 presents the individual study effect sizes, error estimates, and cumulative
effect size of the meta-analysis. Overall, maltreated individuals were more than
twice as likely as non-maltreated controls to develop recurrent and persistent types
of depression. These findings suggest that maltreatment might be associated with a
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specific type of depression that contributes to the large health burden related to the
condition.

1.5.2 Maltreatment and Depression Treatment Qutcomes

Maltreatment may also influence depression treatment outcomes. In the United
Kingdom, and similarly in the United States of America, depressed adults are gener-
ally treated with psychotherapy, including cognitive behavioral therapy or interper-
sonal therapy, for mild cases of depression. Pharmacotherapy is used for severe
cases, generally in combination with psychotherapy. In depressed young people,
psychotherapy (cognitive behavioral therapy, interpersonal therapy, family therapy)
is the first line of treatment regardless of depression severity. Pharmacotherapy
(e.g., SSRIs) may be used in addition to psychotherapy for those who do not respond
to treatment with psychotherapy alone. Overall, combined treatment—psychother-
apy and pharmacotherapy together—is considered the most effective way of treat-
ing severe cases of depression (Thase et al., 1997).

Lanquillon, Krieg, Bening-Abu-Shach, and Vedder (2000) conducted a trial of
amitriptyline, a tricyclic antidepressant, to patients over an eight-week period. The
researchers used baseline levels of the inflammatory cytokine interleukin (IL)-6 col-
lected prior to starting the medication to predict patient response to the treatment.
The researchers found that depressed individuals who responded to pharmacologi-
cal treatment had inflammation levels that were similar to those in the nondepressed
control group, whereas depressed individuals who did not respond to the treatment
had significantly higher levels of inflammation. This study was one of the first to
support the idea that inflammation levels may affect treatment response.

If maltreatment is associated with high levels of inflammation, which is in turn
associated with treatment resistance, then one could hypothesize that maltreatment
may also be associated with treatment resistance in depression. Nanni et al. (2012)
also presented a meta-analysis of trials of different types of treatments for depres-
sion, testing whether maltreatment could be used to identify those with unfavorable
outcomes. The results, presented in Fig. 1.3, indicated that depressed patients with
a history of maltreatment were, overall, more likely to respond poorly to treatment
compared to depressed patients who did not have a history of maltreatment. For
psychotherapy alone, no significant difference was found between depressed
patients who had or had not had a history of maltreatment. For pharmacotherapy
alone, an effect started to emerge, showing that depressed patients with a history of
maltreatment had worse outcomes than did depressed patients without a history of
maltreatment. For combined therapy, considered the most effective treatment in
severe cases, the clearest effect of maltreatment emerged: depressed individuals
with a history of maltreatment were almost twice as likely than depressed individu-
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Fig. 1.3 Meta-analysis of clinical trials investigating the association between childhood maltreat-
ment and treatment outcome of depression (fixed effects). The red diamonds show the combined
effect sizes for studies concerned with psychotherapy, pharmacotherapy, and combined therapy, as
well as the overall effect size of the meta-analysis (top to bottom). From Nanni, V., Uher, R., &
Danese, A. (2012). American Journal of Psychiatry, 169, 141-151. Reprinted with permission
from the American Journal of Psychiatry, (Copyright ©2012). American Psychiatric Association.
All Rights Reserved

als without a history of childood maltreatment to have poor treatment response with
this form of treatment. These results suggest that more research is required to under-
stand the pathophysiology of depression in maltreated individuals and to identify
alternative pathways through which these types of depression could be treated.

In summary, maltreated children are at an elevated risk of developing a specific
subtype of depression characterized by recurrent and progressive episodes of
depression throughout their life course and, thus, account for a large fraction of
the health burden associated with depression. Individuals who have depression and
also have a history of maltreatment are at a high risk of poor response to a number
of different treatments for depression. They may benefit less from combined
psychotherapy and pharmacotherapy, a form of treatment considered most effective.
This suggests that alternative methods of treatment need to be sought and tailored
specifically to this population.
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1.6 Conclusion

While researchers and clinicians have long been aware of the mental and physical
health toll associated with maltreatment, knowledge about how maltreatment pro-
duces these types of health effects has been limited. Inflammation might be one of
the pathways that contributes to these health effects. Identifying these pathways,
whether inflammation or other mechanisms that may be identified in the future, will
better position researchers and clinicians to explore new ways to treat difficult cases
of mental illnesses.

Building upon this idea, this chapter concludes by presenting results from an
intervention study that targeted the inflammatory system in depressed individuals.
Raison et al. (2013) administered the anti-inflammatory drug Infliximab, a TNF-
alpha inhibitor, or a placebo to patients with treatment-resistant depression. The
study initially found no significant differences in the proportion of treatment
response between the anti-inflammatory drug and placebo condition. The research-
ers then examined whether treatment efficacy differed based on baseline inflamma-
tion levels (hsCRP concentration). The authors found that the anti-inflammatory
medication did not significantly benefit the patients who had low levels
(CRP < 5 mg/L) of inflammation at baseline. For patients with high levels
(CRP > 5 mg/L), however, some effects started to emerge that suggest improved
response with the anti-inflammatory medication. These trends will need to be exam-
ined in larger planned analysis. This study suggests that identifying those patients
with depression who also have high levels of inflammation might enable clinicians
to use new and effective interventions for treatment-resistant depression—anti-
inflammatory compounds, for example. Maltreatment history may be one of the
factors that can aid in the identification of individuals in the population, and particu-
larly within groups of depressed individuals, who have high levels of inflammation.
By targeting the specific biological vulnerabilities that are being uncovered in the
population of maltreated individuals, it may be possible to adopt targeted and more
effective interventions for depression.
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Chapter 2
Psychobiological Consequences of Child
Maltreatment

Check for
updates

Christine Heim

2.1 Introduction

This chapter summarizes a lecture given as part of the Third Conference of Penn
State’s Child Maltreatment Solutions Network on “New Frontiers in the Biology of
Stress, Maltreatment, and Trauma.” In this lecture, I discussed the lifelong program-
ming effects of childhood adversity on disease risk and described the biological
mechanisms underlying this lifelong risk. I derived implications of this knowledge
on future research directions and the development of novel mechanism-informed
interventions that mitigate this risk.

An unacceptably high number of children in our society are exposed to adversity
while growing up. Early-life stress (ELS) encompasses exposure to various forms
of severe stressors in childhood, including maltreatment, abuse, violence, neglect,
and separation or loss of a parent, among other forms of ELS. It is estimated
that one in five girls and boys experience some form of abuse during childhood.
When other forms of ELS are considered, this number rises to nearly one in
two children affected (http://www.cdc.gov/violenceprevention/acestudy/preva-
lence.html; Wildeman et al., 2014). The developing brain and its adaptation systems
are shaped by experience, and adversity during sensitive periods of developmental
plasticity can lead to profound and persistent changes in regulatory systems that
leave these individuals at lifelong risk to develop a wide range of diseases and
adverse developmental outcomes (Anacker, O’Donnell, & Meaney, 2014; Lupien,
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Fig. 2.1 Long-term consequences of child maltreatment

McEwen, Gunnar, & Heim, 2009a). Indeed, there is substantial evidence from epi-
demiological and clinical studies suggesting that exposure to ELS not only strongly
and robustly increases the risk for developing psychiatric diseases, including depres-
sion and anxiety disorders and impaired cognitive development, but that it also
induces lifelong risk for chronic physical disease outcomes, including cardiovascu-
lar disease, obesity, diabetes, lung cancer, chronic pain, headaches, and immune-
related diseases, resulting in reduced longevity (Norman et al., 2012; Shonkoff
et al., 2012). Recent evidence suggests that ELS-associated risk can be transmitted
into the next generation, thus multiplying the number of affected individuals
(Provengal & Binder, 2015). Indeed, the CDC estimates a $124 billion aggregate
lifetime economic burden incurred by victims of child maltreatment in the USA
(Fang, Brown, Florence, & Mercy, 2012), surpassing the combined economic costs
of all other major pediatric health problems, including autism, asthma, pediatric
cancers, exposure to environmental toxins, and obesity.

Many of the aforementioned disorders often coincide in victims of ELS and are
elicited or aggravated by acute stress. Indeed, individuals with ELS appear to have
decreased thresholds for exhibiting symptoms upon even mild challenges (Hammen,
Henry, & Daley, 2000), and such clinical insights point to the fact that persistent
sensitization of biological adaptation systems to stress may be a core mechanism
that contributes to a heightened risk for a broad range of diseases across the lifespan
after ELS exposure. Accordingly, studies in adults have revealed marked changes as
a function of ELS exposure in stress-regulatory systems, including the endocrine,
autonomic, and immune systems, as well as at the neural and molecular levels, indi-
cating that these changes converge into heightened disease risk. Variation in genes
that are relevant to stress regulation appears to moderate the effects of ELS on these
biological systems, leading to differential risk versus resilience of developing clini-
cal disorders after ELS (see Fig. 2.1).
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2.2 Neurobiological Consequences of ELS

As noted above, the enduring effects of ELS on heightened disease risk are likely
mediated by developmental programming effects that shape neurobiological sys-
tems during periods of heightened plasticity throughout early life. Such develop-
mental programming may lead to persistent changes in the set-point of stress
response systems and the ability of the brain and organism to adapt or compensate
in response to additional challenge, which ultimately might set the stage for the
development of stress-related disorders.

Our group has conducted a series of clinical studies to test this general hypothe-
sis in humans exposed to child maltreatment. Several of these studies included
depressed patients and controls, stratified by histories of early childhood maltreat-
ment, in order to disentangle the effects of clinical diagnosis from the effects of the
risk factor of ELS on neurobiological systems. We employed a standardized psy-
chosocial laboratory stressor, the Trier Social Stress Test (TSST), which consists of
a public speaking and mental arithmetic task and that reliably induces activation of
the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic stress response
(Heim et al., 2000). Women with a history of child abuse, without and with current
major depression, exhibited markedly increased adrenocorticotropin (ACTH)
responses to stress compared with controls (Heim et al., 2000). Net ACTH response
was more than sixfold greater in abused women with current major depression than
in controls. These women also demonstrated increased cortisol and heart rate
responses to psychosocial stress. Of note, depressed women without ELS exposure
demonstrated normal neuroendocrine responses, suggesting that there might be bio-
logically distinct subtypes of depression as a function of ELS (Heim et al., 2000).
Abused women who were not currently depressed exhibited normal cortisol
responses, despite of their increased ACTH response, perhaps suggesting adrenal
adaptation to central sensitization as a marker of current resilience in these women.
Because cortisol has important regulatory effects on the central CRH and noradren-
ergic systems, it may be suggested that relatively decreased availability of cortisol
might facilitate disinhibition of central stress responses when these women are
exposed to further trauma or severe stress, eventually promoting the development of
symptoms of depression through CRH effects in extra-hypothalamic circuits. These
findings, taken together, suggest that sensitization of the endocrine and autonomic
stress responses, presumably due to hypersecretion of central corticotropin-releasing
hormone (CRH), may be a persistent consequence of ELS in humans that may con-
tribute to the risk for psychopathology in adulthood. Of note, the effects of ELS
were preserved when additionally controlling for adulthood traumas and major life
events in the past year (Heim et al., 2002). Our findings were replicated in other
human studies and are concordant with results from animal models of ELS, (Meaney,
2001; Rao, Hammen, Ortiz, Chen, & Poland, 2008) although there are also reports
of decreased cortisol responses to stress after ELS (Carpenter, Shattuck, Tyrka,
Geracioti, & Price, 2011).
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As noted above, disinhibition of central CRH and noradrenergic stress response
systems after ELS might contribute to heightened stress reactivity after ELS. Such
disinhibition could be the result of changes in glucocorticoid-mediated feedback
control of the HPA axis. In other words, if receptors for glucocorticoids in the brain
were relatively resistant, one would expect enhanced neuroendocrine and auto-
nomic stress responses as well as behavioral changes reminiscent of depression and
anxiety, mediated in extra-hypothalamic CRH circuits. Therefore, consideration of
glucocorticoid-mediated feedback under conditions of challenge might be particu-
larly relevant to understand altered stress reactivity after ELS and its contribution to
depression and other disorders. The combined dexamethasone/CRH test was devel-
oped as a standardized test to assess the capability of the HPA axis to maintain
feedback control under challenge (Heuser, Yassouridis, & Holsboer, 1994). For this
test, a high dose of dexamethasone is administered per oral in the evening, which
results in shutting down of the HPA axis; the next day, CRH is injected to simulate
a challenge. In healthy individuals, the HPA axis remains relatively contained in this
test, reflecting functional negative feedback; however, in depressed patients, a char-
acteristic “escape” of the HPA axis from suppression can be observed, reflecting
impaired negative feedback inhibition of the HPA axis. The test is a sensitive mea-
sure of HPA axis hyperactivity in depression and further possesses the sensitivity to
detect familial risk in asymptomatic first-degree relatives of depressed patients
(Heuser et al., 1994; Holsboer, Lauer, Schreiber, & Krieg, 1995). We tested whether
ELS exposure is related to “escape’ of the HPA axis in the dexamethasone/CRH test
in depressed patients. We observed markedly increased ACTH and cortisol responses
to dexamethasone/CRH administration in adult men with histories of ELS and cur-
rent depression, as compared to controls and depressed men without ELS (Heim,
Miletzko, Purselle, Musselman, & Nemeroff, 2008). Abused men without ELS also
showed increased responsiveness. The severity of the abuse predicted the degree of
escape of the HPA axis in this pharmacological challenge test (Heim, Mletzko,
et al., 2008). Our results suggest that ELS indeed is associated with impaired
glucocorticoid-mediated feedback control of the HPA axis, which plausibly contrib-
utes to increased stress reactivity and symptoms of depression and anxiety.

The above findings of increased endocrine and autonomic responses to psycho-
social stress and impaired glucocorticoid-mediated control of the HPA axis in indi-
viduals with histories of ELS are consistent with the hypothesis that central nervous
system (CNS) CRH systems should be hyperactive after ELS in humans. Indeed, we
observed elevated CRH concentrations in cerebrospinal fluid (CSF) in a small sam-
ple of adult women with histories of physical abuse as well as in women who expe-
rienced both sexual and physical abuse; CSF CRH concentrations were correlated
with the severity and duration of the abuse (Heim, Newport, Mletzko, Miller, &
Nemeroff, 2008). We further measured concentrations of the neuropeptide oxytocin
(OT) in CSF of women with histories of child maltreatment. OT has marked stress-
protective and anxiolytic effects and mediates prosocial behavior, such as bonding
and maternal care behavior (Heim et al., 2009). We found marked decreases of CSF
OT concentrations in adult women with and without histories of ELS. Using vali-
dated cut-off scores for moderate-severe exposure across the five subscales for
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maltreatment (physical, sexual, emotional abuse; physical, emotional neglect) of the
Childhood Trauma Questionnaire (Bernstein et al., 2003), we found a dose-response
relationship between the number of maltreatment types that were met and the degree
of decrease in CSF oxytocin levels. Emotional abuse was most predictive of
decreased CSF oxytocin levels. There was an inverse relationship between CSF
oxytocin concentrations and levels of anxiety in these women (Heim et al., 2009).
These findings, taken together, suggest that ELS not only leads to hyperactivity of
stress mediators, such as CRH, but also interferes with the development of brain
systems implicated in social attachment, which may then lead to decreased resil-
ience against stress and anxiety. Indeed, the mechanism translating early social
stress into vulnerability may not simply involve changes in stress-mediating sys-
tems, but a disturbed “balance” between stress-mediating and stress-protective neu-
ral systems.

Relative glucocorticoid resistance and stress sensitization, as observed in the
above studies, may further accentuate the activation of pro-inflammatory pathways,
by increased induction of NFkB, resulting in elevated pro-inflammatory cytokine
release in response to stress (Bierhaus et al., 2003). Accordingly, elevated cytokine
responses to stress (Carpenter et al., 2010) as well as marked elevations of C-reactive
protein (CRP) (Danese et al., 2008), a marker of systemic inflammation, have been
reported in humans after ELS. The effects of pro-inflammatory mediators on brain
structure and function can plausibly contribute to the development of depression
and anxiety disorders after ELS. The role of neuroinflammation after ELS is an area
that should be further investigated in future studies.

2.3 Neurostructural and Neurofunctional Changes
After ELS

A connected network of brain regions implicated in stress and emotion regulation
includes the hippocampus, amygdala, and frontal cortical regions (prefrontal cortex,
anterior cingulate), and this network controls peripheral outflow systems through
influences on the hypothalamus and autonomic centers. Our findings of increased
endocrine and autonomic responsiveness to stress after ELS indeed may reflect that
a primary “lesion” after ELS may be located at the neural systems level and may
involve maladaptation of the aforementioned neural circuit and failure to compen-
sate in response to challenge. Animal models have provided causal evidence for
manifold changes in central stress and emotion circuits, including structural changes
and altered neurotransmitter systems (Ladd et al., 2000; Meaney, 2001).

A burgeoning number of studies suggest that there is substantial plasticity of the
human brain as a function of experience (Maguire et al., 2000). Although the adult
brain has the capacity for neural plasticity, the developing brain is clearly more
sensitive to the organizing effects of experiences compared to the adult brain. Brain
regions that are implicated in the processing and regulation of stress and emotion
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mature during early childhood, and there are differences in developmental trajecto-
ries between regions (Lupien, McEwen, Gunnar, & Heim, 2009b). The hippocam-
pus is fully developed by the age of 5 years, whereas the amygdala matures earlier
(2—4 years), and the prefrontal cortex develops throughout childhood and adoles-
cence and into early adulthood. Functional connectivity between regions increases
throughout childhood (Lupien et al., 2009b; Teicher, Samson, Anderson, & Ohashi,
2016). During these times of plasticity, ELS may directly impact on the develop-
ment of these brain regions through experience-dependent plasticity. In addition,
elevations of cortisol or inflammatory cytokines that occur as a function of ELS may
exert neurotoxic effects on these structures during development and across the lifes-
pan (Lupien et al., 2009b; Teicher et al., 2016).

The hippocampus has been the subject of intense inquiry in relation to ELS. The
hippocampus exerts important inhibitory regulation of the HPA axis and plays a
critical role in contextual aspects of fear conditioning. Moreover, the hippocampus
is one of the most plastic regions within the CNS, with a high degree of synaptic
plasticity and neurogenesis occurring in adulthood. The hippocampus has a high
density of GR and is therefore particularly vulnerable to the effects of stress (Lupien
et al., 2009b; Teicher et al., 2016). A large number of experimental animal studies
have shown that stress and/or prolonged exposure to glucocorticoids affect the hip-
pocampus, resulting in decreased neuronal excitability, dendritic atrophy, and apop-
tosis, particularly in the CA3 region, and decreased neurogenesis in the dentate
gyrus (Lupien et al., 2009b). A small hippocampus is a cardinal feature of major
depression (Lupien et al., 2009b; Teicher et al., 2016). Several studies of adults have
now repeatedly demonstrated small hippocampal volumes after ELS (Frodl,
Reinhold, Koutsouleris, Reiser, & Meisenzahl, 2010; Stein, Koverola, Hanna,
Torchia, & McClarty, 1997; Teicher et al., 2016; Teicher, Anderson, & Polcari,
2012; Vythilingam et al., 2002), although studies in children are less clear (De
Bellis, Hooper, Woolley, & Shenk, 2010). Our group has scrutinized the contribu-
tion of ELS to hippocampal volume loss in major depression. By stratifying
depressed women into those with and without histories of ELS, we demonstrated
that hippocampal volume reduction was limited to those depressed patients who
were exposed to ELS, whereas depressed women without ELS exhibited normal
hippocampal volume (Vythilingam et al., 2002). This result was in remarkable par-
allel to neuroendocrine findings and suggests that MDD in the context of ELS has a
distinct pathophysiology with changes in stress-mediating systems that likely reflect
a risk of developing depression in response to stress. To date, most of the studies
measured the whole hippocampal volume; however, different subfields within the
hippocampus are known to differ in terms of their sensitivity to stress and their role
in regulating the neuroendocrine stress response. Therefore, it is crucial to use high-
resolution imaging methods to investigate region-specific effects of ELS. Notably,
using high-resolution hippocampal imaging, Teicher et al. (2012) reported that
childhood maltreatment was strongly associated with a volume reduction in the
CA3 region, the dentate gyrus, and the left subiculum. Hence, volume loss as a
function of the severity of ELS indeed occurred precisely in the subfields that are
sensitive to stress and glucocorticoids.
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Other neuroimaging studies suggest structural and/or functional changes in the
prefrontal cortex as a consequence of ELS. The PFC mediates executive functions
and the regulation of goal-directed behavior and is further involved in the inhibition
of impulses and emotional regulation. In particular, the medial PFC is relevant for
emotional regulation, via connections with the cingulate cortex and the amygdala.
The PFC also exerts inhibitory actions via indirect pathways on the HPA axis
(Ulrich-Lai & Herman, 2009). Small volumes of the PFC as well as reduced blood
flow in the medial PFC have been reported as features of major depression and
PTSD (Ressler & Mayberg, 2007). A decreased volume of PFC areas, including the
medial PFC and anterior cingulate cortex, is a consistent finding in adults with his-
tories of ELS (Andersen et al., 2008; Frodl et al., 2010; Heim, Mayberg, Mletzko,
Nemeroff, & Pruessner, 2013; Tomoda et al., 2009; Treadway et al., 2009; van
Harmelen et al., 2010). In addition, ELS has been associated with structural and
functional changes of the amygdala. The amygdala is a small structure in the medial
temporal lobe that plays a critical role in evaluating potentially threatening informa-
tion, fear conditioning, emotional processing, and memory for emotional events
(Ulrich-Lai & Herman, 2009). The amygdala exerts stimulating effects on the HPA
axis via indirect projections (Ulrich-Lai & Herman, 2009). It may be particularly
vulnerable to the programming effects of early experience due to a high density of
GR and a postnatal developmental trajectory characterized by growth and increas-
ing connectivity until early adolescence. Studies investigating the effects of ELS on
amygdala volume in humans have provided mixed findings (Tottenham et al., 2010).
However, prolonged institutional rearing characterized by severe deprivation has
been associated with greater amygdala volume in these children (Tottenham et al.,
2010; Tottenham & Sheridan, 2009). Functional neuroimaging studies indicate that
ELS is associated with sustained hyperactivity of the amygdala in response to emo-
tionally threatening stimuli (Dannlowski et al., 2012; Grant et al., 2014; Grant,
Cannistraci, Hollon, Gore, & Shelton, 2011; Tottenham et al., 2011). This sensitiza-
tion of the amygdala is also apparent in response to subliminally presented stimuli
(Dannlowski et al., 2013). In addition, decreased structural and functional connec-
tivity between the medial PFC and the amygdala has been reported after ELS
(Govindan, Behen, Helder, Makki, & Chugani, 2010; Grant et al., 2014). A seminal
longitudinal study, following children from birth into young adulthood, found that
impaired functional connectivity between the prefrontal cortex and the amygdala in
young adulthood was observed as a function of ELS and was best predicted by the
glucocorticoid levels of these children when they were 4.5 years old (Burghy et al.,
2012). This association was significant for girls but not for boys. These findings
suggest the existence of sensitive periods and sex differences in the consequences of
ELS. Taken together, these findings provide convincing evidence that ELS is associ-
ated with increased reactivity of the amygdala in humans as well as reduced func-
tional connectivity between the PFC and the amygdala, potentially contributing to a
loss of “top down” control of emotional responses, which may then lead to increased
physiological stress responses and risk for disorders.

More recently, an impact of ELS has also been described for sensory processing
that is implicated in the perception and processing of abuse. It is well known since
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the seminal work of Hubel and Wiesel (Wiesel & Hubel, 1963) that visual input
during a sensitive period early in life is critical for normal development of the visual
cortex and vision. Cortical plasticity during sensitive periods may also account for
long-term effects of enriching sensory early experiences. For example, an enlarged
representation of the left hand has been observed in musicians playing a string
instrument as a function of the age in childhood when they started to play (Elbert,
Pantev, Wienbruch, Rockstroh, & Taub, 1995). Similar principles may apply to the
effects of early adverse sensory experiences. Extending the cortical competition
hypothesis, we hypothesized that if an early experience is highly aversive and devel-
opmentally inappropriate, instead of the experience enriching the brain, the brain
may instead narrow its cortical representation to limit detrimental effects (Heim
et al., 2013). Accordingly, using whole mantle cortical thickness analysis in adults,
we observed that different forms of child maltreatment were associated with highly
specific regional cortical thinning in precisely those representation areas that are
implicated in the processing of each type of abuse. More specifically, we observed
pronounced cortical thinning of the somatosensory genital field as a function of
childhood sexual abuse. Along the same lines, emotional abuse was specifically
associated with cortical thinning in the precuneus, a region that is relevant for self-
awareness and self-evaluation, as well as thinning in the anterior cingulate cortex,
which is relevant for emotional regulation (Heim et al., 2013). Of note, Teicher and
colleagues reported similar findings for other sensory modalities, including thinning
of the visual cortex after witnessing domestic violence and thinning of the auditory
cortex after verbal abuse (Tomoda et al., 2011; Tomoda, Polcari, Anderson, &
Teicher, 2012). These findings suggest that experience-dependent plasticity leads to
effects of ELS on sensory processing areas in a highly regionally specific manner.
This specific cortical thinning in sensory and processing areas may represent the
most adaptive and protective response of the developing brain that may “shield” the
child living under these conditions from the abusive experience, similar to sensory
gating. In later life, these neuroplastic changes may represent a direct biological
substrate for behavioral disorders (Heim et al., 2013).

2.4 Gene x Environment Interactions and Epigenetic
Programming

Certainly, not all children exposed to ELS go on to develop depression or other
stress-related disorders, even if additional stressors occur. Therefore, among other
potential moderators, it is important to consider genetic factors that may convey risk
for developing stress-related disorders after ELS versus genetic factors that deter-
mine resilience. Multiple studies to date have identified candidate genes in stress-
regulatory systems that moderate the link between ELS and risk for depression and
other disorders, including the CRH receptor 1 (CRHRI1) (Bradley et al., 2008;
Polanczyk et al., 2009; Ressler et al., 2010), GR (Bet et al., 2009), the GR-regulating
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FK506 binding protein 5 (FKBPS) (Appel et al., 2011; Binder et al., 2008), sero-
tonin transporter (Caspi et al., 2003; Karg, Burmeister, Shedden, & Sen, 2011),
brain-derived neurotrophic factor (BDNF) (Gatt et al., 2009; Kaufman et al., 2006),
and oxytocin receptor (OXTR) (Bradley, Westen, Binder, Jovanovic, & Heim, 2011)
genes, among others. Gene x environment (G x E) interaction effects have also been
documented at the level of intermediate phenotypes, such as neuroendocrine or
amygdala reactivity (Bogdan, Williamson, & Hariri, 2012; Tyrka et al., 2009). A
more recent idea is that genetic factors may reflect generally increased sensitivity to
the environment, inasmuch as persons who are genetically susceptible to the detri-
mental effects of ELS might also be particularly amenable to the beneficial effects
of a positive social environment or psychological intervention, reflecting height-
ened sensitivity to context or capacity for plastic change (Pluess & Belsky, 2013).
Insight into G x E interactions is critically important to derive pre-disease markers
to identify cases that are vulnerable to the pathogenic effects of ELS and need inter-
vention. Genetic markers may also be used to identify cases that are susceptible to
respond to a specific intervention by targeting specific systems.

A major research question in the field of ELS research concerns the molecular
mechanism by which an early environmental exposure or experience can interact
with a given DNA allele sequence to produce a vulnerable neurobiological pheno-
type with altered vulnerability for stress and disease. In this context, much attention
has been directed towards epigenetic processes that may underlie the long-term
consequences of ELS. Epigenetic programming refers to processes by which the
environment regulates DNA transcriptional activity without altering the DNA
sequence. Epigenetic changes are produced by DNA (de-) methylation, histone
modifications, and non-coding RNAs (Jaenisch & Bird, 2003; Ptak & Petronis,
2010). Of these epigenetic processes, DNA (de-) methylation has been studied most
extensively in relation to ELS. Specifically, DNA methylation refers to the addition
of methyl groups to cytosines in cytosine-guanine (CpG) dinucleotides, which
reduces the access of transcription factors to regulatory elements of the DNA, lead-
ing to transcriptional repression by decreasing binding of specific transcriptional
enhancers (Jaenisch & Bird, 2003; Ptak & Petronis, 2010). Specific methyl CpG-
binding domain (MBD) proteins bind to methylated DNA and interact with histone
deacetylases as well as DNA methyltransferases to produce silencing of the gene
and to stabilize DNA methylation status (Jaenisch & Bird, 2003; Ptak & Petronis,
2010). Conversely, demethylation and removal of MBD proteins leads to increased
gene activity. Several studies in animal models and humans have now shown that
ELS induces epigenetic alterations in stress-relevant genes that lead to changes in
gene expression and, ultimately, a vulnerable neurobiological phenotype with
increased risk for disorders. In both rodents and humans, ELS has been associated
with hypermethylation of DNA sequences in the gene encoding for the GR. In a
rodent model, Weaver et al. (2004) observed increased DNA methylation in a
neuron-specific promoter region of the GR gene in hippocampal tissue of offspring
of mothers that exhibited low maternal care behavior compared to offspring of
mothers showing high maternal care behavior. This hypermethylation was associ-
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ated with a decrease of NGFI-A transcription factor binding and decreased GR
mRNA expression. In a post-mortem study of suicide victims, reported histories of
childhood abuse were associated with the same DNA hypermethylation in the GR
gene in hippocampal tissue as well as with decreases in NGFI-A binding and
increases in GR mRNA expression (McGowan et al., 2009). Similar hypermethyl-
ation of the GR gene as a correlate of ELS was measured in leukocytes of healthy
subjects (Tyrka, Price, Marsit, Walters, & Carpenter, 2012). Epigenetic changes
have also been reported for other genes relevant to stress regulation in rodent mod-
els, including genes that regulate the expression of arginine vasopressin (Murgatroyd
etal., 2009) and BDNF (Roth, Lubin, Funk, & Sweatt, 2009). In humans, a genome-
wide study of promoter methylation in the hippocampal tissue of suicides revealed
differential methylation of 362 genes in association with ELS, particularly genes
involved in cellular or neural plasticity (Labonté et al., 2013). ELS-related differ-
ences in genome-wide methylation patterns are also seen in leukocytes from humans
and are associated with changes in gene expression (Mehta et al., 2013). Taken
together, both methylation and demethylation of genes involved in regulating stress
responses and neural plasticity have been reported as a consequence of ELS.

More recently, Klengel et al. (2013) have provided the first evidence of a molecu-
lar pathway underlying G x E interactions after ELS by mapping a precise cascade
of events that leads from ELS exposure to affective disorders via glucocorticoid-
induced and genotype-directed epigenetic effects. We demonstrate that a functional
polymorphism altering chromatin interaction between the transcription start site
and long-range enhancers in the FKBP5 gene, an important regulator of the stress
hormone system, increases the risk of developing affective disorders in adulthood
by allele-specific, ELS-dependent DNA demethylation in functional glucocorticoid
response elements (GREs) of FKBP5. This demethylation leads to increased stress-
induced gene transcription followed by long-term dysregulation of the stress hor-
mone system and a global impact on the function of immune cells and brain areas
associated with stress regulation in risk allele carriers. FKBPS demethylation in
blood cells is correlated with ELS but not with current cortisol levels or adult
trauma. Experiments in human hippocampal progenitor cells showed that a long-
term demethylation of the same CpGs occurs after GR activation, suggesting that
these effects could also extend to brain cells. In addition, this demethylation was
only seen in proliferating and differentiating neurons, but not in mature neurons,
further evidencing that this is a developmental event (Klengel et al., 2013). However,
to date no study has mapped the glucocorticoid-induced epigenetic embedding of
ELS in children and its subsequent effects on stress-regulatory systems and behav-
ior. Identifying immediate temporal trajectories of this molecular mechanism, as
well as G x E effects directing this molecular embedding, is essential for designing
novel intervention strategies and for selecting cases for whom such interventions
might be beneficial.
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2.5 Current Research Needs and Implications
for Intervention

Taken together, there have been substantial advances in understanding the biologi-
cal mechanisms that translate exposure to ELS into lifelong risk for a broad range
of diseases. It appears that ELS, in the genetically vulnerable individual, leads to a
cascade of events that underlies the biological embedding of ELS and leads to phe-
notypic vulnerability to stress with a long-term impact on the development of dis-
ease. Biological embedding of ELS likely involves glucocorticoid-induced
epigenetic modifications in stress-regulatory genes, with subsequent dysregulation
of stress response systems, metabolic dysregulation, and inflammation, leading to
structural and functional changes in brain regions critical for stress, emotion, and
homeostatic regulation, and these trajectories likely underlie adverse mental and
physical health outcomes.

However, human research on the lifelong programming effects of ELS on dis-
ease risk has mostly been limited to cross-sectional, short-term, or adult retrospec-
tive study designs, not allowing for causal inferences. Cross-sectional studies do not
allow for identification of the developmental trajectories of biological embedding of
ELS over time, nor do they inform about sensitive periods for the effects of
ELS. While a handful of longitudinal studies exist, e.g., the E-Risk (http://www.
scopic.ac.uk/StudiesERisk.html) and Dunedin (http://dunedinstudy.otago.ac.nz)
studies, these were started decades ago and thus were not able to collect cutting-
edge neurobiological or molecular data in the aftermath of ELS exposure or across
development. Most studies, cross-sectional or longitudinal, did not adopt a multi-
system approach. Thus, there is a dire gap of research ascertaining causality and
considering complex interactions of multiple systems across levels of regulation.
Because of these shortages, there is an even greater gap of translation between basic
research insights into the biological and molecular mechanisms mediating the link
between ELS and long-term disease risk and the use of this knowledge to develop
novel diagnostic markers to identify cases at risk and cases susceptible to a specific
intervention (personalized or precision medicine) or to develop novel interventions
that directly target specific mechanisms of biological embedding. There is no doubt
that ELS induces fundamental changes in regulatory systems at an early point in
development, which programs these systems for life and into the next generation. To
achieve critical translation, we must produce longitudinal cohort studies with com-
prehensive biological measures at baseline. This will allow us to map the mechanis-
tic and temporal events of biological embedding and transmission of ELS and to
understand interactions of risk and resilience factors with embedding and transmis-
sion trajectories. We further should test the potential of existing psychotherapeutic
interventions to prevent or reverse these biological embedding trajectories and
develop novel pharmacologically driven interventions that directly manipulate the
biological mechanism. Such results will inform targeted strategies to mitigate the
long-term adverse outcomes of ELS and “program” healthy and successful life tra-
jectories in these children. Beyond that, this type of research will inform novel
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approaches that make use of developmental plasticity in order to promote optimal
development, health, and longevity in all children.
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Chapter 3
Toward an Adaptation-Based Approach
to Resilience

Bruce J. Ellis

The title of my talk today is “Beyond Risk and Protective Factors: An Adaptation-
Based Approach to Resilience” (Ellis, Bianchi, Griskevicius, & Frankenhuis, 2017).
My presentation draws on this article and reflects our collaborative work.

My hope today is to live up to the analogy of children playing leapfrog, in terms
of at least comparing different perspectives. That is, I'm going to talk about tradi-
tional models of cumulative risk and resilience and then contrast this with a differ-
ent approach to resilience, which we call an adaptation-based approach. In presenting
this new approach, I will first talk about some of the underlying theory and research,
and I will conclude by discussing implications for intervention.

One of the most robust and well-established findings in the field of human devel-
opment is the very strong negative effect of poverty on all kinds of cognitive and
economic achievements. Whether one operationalizes low achievement in terms of
lower reading and math skills, lower executive function abilities, more learning dis-
abilities, lower scores on standard intelligence tests and scholastic tests, or greater
risk of grade repetition, expulsion, or suspension from school, growing up under
impoverished economic conditions puts children at risk.

Now how do we think about this negative effect? How do we understand it, and
ultimately, how do we address it? The established approach is largely based on the
deficit model of development under stress. This deficit approach to understanding
the effects of early life stress on social and cognitive functioning has different
names—cumulative stress, toxic stress, diathesis stress, or allostatic load—all rep-
resenting somewhat different versions of the same idea. Whatever the name, the
focus of the deficit approach is on impairments in learning and behavior. This
approach essentially emphasizes “what’s wrong with youth” who come from harsh,
unpredictable environments. Implicit in this approach is the assumption that at-risk
youth are somehow broken and need to be fixed.
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When I say the assumption is that these high-risk youth need to be fixed, I mean
that the deficit approach suggests they need to be made better at doing things that
are commonplace for low-risk children. They need to be made better at sustaining
attention, better at inhibitory control, better at following rules—in short, they need
to think and act more like low-risk youth. That is the deficit story.

Yet despite the well-established links between adversity and various social and
health outcomes, there is also a counterpoint to these links—the large resilience
literature. The resilience literature focuses on the fact that, despite the overall low
achievement levels of children and youth from lower socioeconomic backgrounds,
there is striking variation in the outcomes of individuals who are exposed to high
adversity. Some individuals thrive, or at least beat the odds, despite their high-risk
backgrounds. This fact that some children show resilient outcomes has led to a cot-
tage industry trying to identify resilience factors, what Masten (2001, 2014) calls
the short list for resilience. This short list highlights the protective factors that actu-
ally promote resilience in the face of adversity. And there are very well established
resilience factors. A few examples include intelligence, problem-solving skills, sup-
portive family, and social relationships.

In a sense, resilience research asks, what does it take to succeed? And how can
we build those attributes and qualities in at-risk youth? In a nutshell, resilience
research has looked at the attributes that characterize resilient youth and then looked
to develop interventions that attempt to promote these attributes. Thus, some inter-
ventions attempt to build better problem-solving skills. Others attempt to foster
more supportive family and social relationships, or to enhance student—teacher
trust. Essentially, these interventions are trying to build resilient qualities and rela-
tionships in youth to make them more able to deal with adversity.

This approach to intervention shares the common goal of getting young people
from high-risk backgrounds to act, think, and feel more like youth from low-risk
backgrounds. That is, these interventions aim to enable high-risk youth to become
better at things like inhibitory control and emotion regulation and less likely to use
violence as a strategy to solve problems, and so on.

Now I’'m going to contrast the existing resilience research with what we call an
adaptation-based approach to resilience. Extant interventions have not tried to
leverage the unique strengths and abilities that develop specifically in response to
high-risk environments. Here I don’t mean that we are finding a strength (resilience)
factor in youth despite their having come from high-adversity backgrounds. Rather,
I am asking particularly what growing up in a high-risk environment does: i.e., how
does the brain adapt to growing up in a harsh or unpredictable environment? And
how can we use those adaptations? This approach treats adversity as an adaptive
problem that the developing child needs to solve.

From this perspective, we would ask the question: what attention, learning,
memory, problem-solving, and decision-making skills are enhanced by exposure to
childhood adversity? And how can we use—that is, work with instead of against—
these skills to improve intervention outcomes? This is a subtly, but importantly,
different approach to thinking about intervention and resilience.
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Central to this approach is the specialization hypothesis, published by Frankenhuis
and de Weerth (2013). According to this hypothesis, harsh, unpredictable environ-
ments do not exclusively impair cognition. Instead, people’s minds become devel-
opmentally adapted—that is, specialized and thus enhanced—for solving problems
that are ecologically relevant in stressful environments and are thus most beneficial
for thriving in such environments. So the specialization hypothesis is really very
much within the larger context of the developmental programming literature. It is
about how the brain was designed to track and respond to important dimensions of
the local environment. What is the brain detecting and encoding in that context?
How is it using that information to actually change developmental trajectories to
match that context?

3.1 Animal Research

The developmental programming perspective described above is quite common in
research on birds and rodents (though it is not common in developmental research in
humans), including much experimental work (e.g., Crino & Breuner, 2015). In birds,
this experimental research typically takes two forms. Either researchers expose
young birds to food restrictions, or they systematically inject or deposit glucocorti-
coids into their eggs during embryonic development. In any case, with birds, as in
humans and other species, there is no question that, all else being equal, it is better
to grow up with lots of support and resources and food than to grow up under stress,
starvation, and adversity. No one is going to challenge that assumption.

Thus, when you look at birds that have been experimentally stressed, you find
many negative effects (Fig. 3.1). As one would expect, you find reduced growth,
impaired immunocompetence, altered HPA axis activity, impaired neurological
function, and suppressed expression of sexually selected traits in adulthood, such as
bird song. Yet the negative outcomes are only half the story.

The other half of the story is that when these birds are exposed to stress they also
develop specific abilities, both morphologically and behaviorally, that allow them to
do well under stressful conditions (Fig. 3.1; see Ellis et al., 2017, for a review). For
example, in research on barn swallows, European starlings, and great tits, research-
ers found that individuals that are exposed to high levels of glucocorticoids during
embryonic development tend to be smaller, as exposure tends to reduce growth. But
these individuals also tend to be faster. They achieve faster take-off speeds, and
essentially they are better at getting away from predators. They are more maneuver-
able. They are well adapted to a dangerous environment. You also find, for example,
with Zebra finches, faster learning of a novel foraging task.

Again, the idea here is that the stress a bird is exposed to early in life actually
prepares it for the environment it is going to mature into. Prenatal exposure to high
levels of glucocorticoids is a signal that the bird’s environment is dangerous and
uncertain. Accordingly, you see learning strategies in these birds that match that
type of environment, such as quicker learning of a novel foraging task and more
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Developmental Programming in Birds:
Adaptations to Early-Life Stress

Deleterious effects of early life stress Positive effects of early life stress

reduced growth Production of smaller nestlings that
achieve faster flight take-off speeds (barn
swallows, European starlings, great tits;
altered HPA activity Crino et al., 2015)

impaired immunocompetence

impaired neurological function . .
Faster learning of a novel foraging task

Suppressed expression of sexually (zebra finches; Crino et al., 2014)

selected traits in adulthood (e.g.,

birdsong) More frequent switching between social
learning strategies (zebra finches; Farine
et al.,, 2015)

Better spatial and associative learning
(Japanese quail, domesticated chickens;
Calandreau et al. 2011; Goerlich et al.
2012)

Fig. 3.1 Bivalent effects in birds of developmental exposures to early-life stress

frequent switching between different social learning strategies (Fig. 3.1). Such birds
are more likely to stop one strategy and try another when it is not working, which is
somewhat akin to task switching. You also find in Japanese quail and domesticated
chickens, better spatial and associative learning. The finding of associative learning
is particularly interesting, because it involves monitoring contingencies in your
environment, which should be especially relevant in an unpredictable, uncertain
context.

Moving on from birds to rodents, there is also well-established rodent literature
on this topic, particularly the work of our neuroscience colleagues, Michael Meaney,
Francis Champagne, Nicole Cameron, and Darlene Francis (Cameron et al. 2005;
Champagne, Francis, Mar, & Meaney, 2003; Champagne & Meaney, 2006; Francis,
Champagne, & Meaney, 2000; Frances, Diorio, Liu, & Meaney, 1999). This work
has focused especially on the effects of licking and grooming in rodents. Rat moth-
ers, like human mothers, show quite a lot of natural variation in the quality of paren-
tal investment. Some dams engage in high levels of parental care in the form of
elevated levels of licking and grooming and arched-back nursing of their offspring
and later weaning ages. Others show lower investment along these dimensions.
Equally important but less widely talked about is that the parental investment of
rats, like parental investment of humans, also tracks ecological context (reviewed in
Champagne, 2008; Beery & Francis, 2011).
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Fig. 3.2 Bivalent effects in rodents of developmental exposure to early-life stress

Rat mothers that grow up under high ecological stress, such as high predation
pressure or hunger, are much more likely to show the low licking and grooming
style. In other words, when the mothers themselves are in a context where they have
to devote a lot of energy to just staying alive or dealing with a suboptimal environ-
ment, there is less energy left to devote to offspring. So here in this picture (Fig. 3.2),
the cat represents the ecological stressor for the rat. As is well documented in the
work by Michael Meaney and colleagues, these different parenting styles (i.e., high
vs. low licking and grooming) result in a variety of epigenetic changes in the off-
spring (Meaney, 2010). These changes are reflected in offspring stress physiology.
With low licking and grooming, stress response systems are regulated toward
heightened HPA responses to stressors and heightened sympathetic adrenal medul-
lary reactivity. This in turn is associated with vulnerability to stress-induced illness.
Further, under standard (low-stress) testing conditions, low licking and grooming
leads to impairments of learning and memory (such as on spatial learning tasks and
basic memory tasks). As you continue down the pathway and look at bio-behavioral
adjustment, you see higher rates of fear-induced behavior and, when exposed to
substances, more vulnerability to cocaine and alcohol use.

In total, when you look at this rat work, if you want to come at it from a deficit
perspective, you can tell a deficit story. You can talk about all the bad things combin-
ing, from altered stress physiology, to poor learning and memory, to substance
abuse. But that is only half the story.
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The other half of the story is that those very same rats that showed impaired
learning under basic, low-stress conditions (when animals are extensively habitu-
ated to testing conditions) showed enhancements when tested under high-stress
conditions (Bagot et al., 2009; Champagne et al., 2008). High-stress conditions
included corticosteroid treatments that mimicked high-state stress. Under such con-
ditions, rats with a developmental history of low licking and grooming showed
increased hippocampal long-term potentiation (LTP; a cellular model of learning
and memory) and increased memory on a hippocampal-dependent contextual fear-
conditioning task. In total, when these rats are tested under conditions that are more
reminiscent of the conditions under which they grew up, they do not look impaired.
They look like they are doing better than their peers that experienced high levels of
licking and grooming. You also see earlier onset of puberty in these rats (Cameron
et al., 2008). In general, animals that grow up under stressful and uncertain condi-
tions where life may be short tend to go to seed early (Ellis, 2004). With guppies, if
you just put the scent of a predator into their tank, it will cause pre-pubescent gup-
pies to go through puberty more quickly. Just smelling a predator hastens their
development. You see a similar result in rats that have received low maternal care.

In rats that have experienced low licking and grooming, you also see more play
fighting in males (Parent & Meaney, 2008) and stronger defensive responses to an
intruder (Menard & Hakvoort, 2007). In addition, you see more sexual attractivity
and proceptivity in females (Cameron, Fish, & Meaney, 2008; Sakhai, Kriegsfeld,
& Francis, 2011). The females that grow up with low licking and grooming mothers
are just better at mating. They are better at doing ear wiggling, hopping, and darting,
and the other rat mating signals, which makes them better at attracting mates. That
is, they are more likely to show lordosis in response to male mounts. They also have
sharply higher rates of getting pregnant following mating. They are simply much
better at getting pregnant. Then they tend to show lower levels of parental invest-
ment in their own offspring.

This is not dysfunction—some kind of impaired response. These are systematic
adaptive responses to growing up under uncertain conditions. Most critically, if you
want to understand the deficits—if you want to understand the maladaptation, or
what we often think of as dysfunction—you really have to understand these func-
tional responses first. Because that is what happens under high-stress conditions.
The negative side of the equation—the costs involved—often consists of tradeoffs
inherent in these adaptive responses.

It is worth noting that this balance of the cost and benefits is also apparent in rats
that are exposed to more severe stress. For example, in the work of Oomen et al.
(2010), young rat pups actually experienced maternal deprivation at day three. In
these young rats, they took the mother away, and the rat had to go an entire day
without any maternal contact. That’s a severe stressor. As you would expect, there
were various negative effects of this separation, such as reduced spatial learning and
neurogenesis. But once again, that finding is only half the story. The other half is
that even those rats that had more severe deprivation, which is more a model for
child abuse, showed improved hippocampal synaptic plasticity and emotional
learning under high-stress conditions. For example, they showed enhanced contex-
tual and cued fear conditioning.
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3.2 Human Research

So what about humans? Does stress simply impair cognition? Or does stress adap-
tively shape cognition to match local conditions, including early life adversity? This
comes back to the specialization hypothesis. Do children developing under stressful
conditions become good at thinking and reasoning in certain ways? In terms of this
question, the very first research that systematically addressed it, where the point or
goal of the research was to test the specialization hypothesis in humans, was only
published in 2015 (Mittal, Griskevicius, Simpson, Sung, & Young, 2015). In other
words, this is a new area of research. However, some extant research is indirectly
relevant to evaluating the specialization hypothesis. That work has mostly focused
on children who have experienced significant psychosocial adversity, particularly
child maltreatment. Although the goal of this work was not to look at cognitive
advantages, researchers have ended up finding a few things here and there. This
literature suggests that maltreated children develop enhanced abilities for detecting,
learning, and remembering stimuli that are ecologically relevant to them.

Probably the most well known researcher on this topic is Seth Pollak (Pollak,
2008; Pollak, Messner, Kistler, & Cohn, 2009). He has looked at adaptation to really
dangerous home environments. (Note that while I frame it as adaptation to home
environments, he would probably frame it differently.) His work shows that physi-
cally abused children are highly attuned to threat-relevant information. They orient
more rapidly to angry faces and angry voices. They are more accurate in identifying
angry facial expressions from degraded pictures. They are also more accurate, but
not faster, in identifying fearful faces. Pollak’s research is consistent with the idea
that, in a hostile environment, it is especially important to be able to detect and pre-
dict threats.

There is also some research about memory for negative information and events.
In one study, children with histories of maltreatment were asked to recall details of
a highly stressful anogenital examination received 3 days earlier, which was part of
an inpatient abuse assessment. Children who had experienced greater trauma were
better at identifying in a photo lineup the doctor who had examined them (Eisen,
Goodman, Qin, Davis, & Crayton, 2007). However, maltreated children actually
show worse photo identification accuracy of adults they interact with in a positive,
playful interaction. Here again, some specific abilities were heightened in response
to adversity. Maltreated children have also been found to recall a greater number of
distracting, aggressive stimuli, such as swords and guns and knives, than do non-
maltreated children when doing a fruit identification task (Rieder & Cicchetti,
1989).

Moving away from specific research on maltreated children and looking more at
normative populations, probably the area where this topic has been studied the most
is in terms of empathic accuracy. Here we find a nice body of work conducted by
Kraus, Piff, Mendoza-Denton, Rheinschmidt, and Keltner (2012) based largely on
community samples of adults. In this work, they show that socioeconomic adversity
is linked to better empathic accuracy. Empathic accuracy means increased accuracy
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in the perception of other people’s emotions. The underlying idea is that individuals
from lower socioeconomic status (SES) backgrounds are more contextual. Enhanced
empathic accuracy may promote behavioral prediction and management of external
social forces and individuals that exert substantial control over one’s life (which
occurs chronically for people at low SES; see Kraus et al., 2012).

In one study, high school educated adults were compared with college educated
adults, and researchers found that individuals with only a high school education
actually did significantly better on standard tests of empathic accuracy—tests that
require accurately labeling, with emotion terms, different facial expressions. Lower
SES adults were also more accurate at inferring specific emotions such as contempt
or sympathy from someone who was interviewing them. Finally, lower SES adults
showed more physiological responses and patterns of emotional contagion that are
empathically linked to those of a social interaction partner: they were more likely to
match who they were interacting with. In total, individuals from higher adversity
backgrounds were specifically developing certain abilities, in this case, a certain
type of emotional competence.

As another example, consider variation in attachment styles, which can be
roughly labeled as ranging from more secure to insecure attachments. Life history
theorists have emphasized that attachment insecurity is actually quite relevant to a
history of family stress and low parental investment. Among boys from low-risk
families, 3-year-olds with insecure attachment histories, measured at 6 months,
recalled negative events such as spilling juice seen at a puppet show more accurately
than they recalled positive events such as receiving a present in the puppet show,
whereas boys with secure attachment showed exactly the opposite. In total, boys
with insecure attachment histories were actually superior at remembering negative
things that happened in this puppet show that they saw (Belsky, Spritz, & Crnic,
1996).

Finally, let us consider one set of studies that has actually been designed from the
outset to test the specialization hypothesis (Mittal et al., 2015). This study looked
particularly at executive function abilities, comparing inhibitory control versus
attention shifting. An important underlying idea in this research was that inhibitory
control and attention shifting are adapted to different environmental contexts. When
growing up in an environment that is changing and uncertain, in which one does not
know what is coming, it may be advantageous to be good at attention shifting—to
be able to unstick your attention from one area and change and attend to another
area. This kind of shifting between different tasks should promote detection of
threats and taking advantage of fleeting opportunities in chaotic/unpredictable envi-
ronments. In contrast, when growing up in an environment that is stable with a
predictable future, it may be more important to excel in inhibitory control and delay
of gratification—to be able to focus on long-term goals and stick with what you are
doing. That is because, in this predictable context, long-term goals are rewarded, as
is inhibitory control, and delay of gratification may actually result in larger returns.

That was the idea behind Mittal et al.’s (2015) research. Student and community
samples that experienced different levels of childhood stress and unpredictability
were tested on whether they showed enhanced or diminished inhibitory control and
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Fig. 3.3 Interactions between childhood unpredictdability and current manipulated economic
uncertainty: Contrasting effects on inhibitory control and attention shifting. Reprinted from:
Mittal, C., Griskevicius, V., Simpson, J. A., Sung, S., & Young, E.S. (2015). Cognitive adaptations
to stressful environments: When childhood adversity enhances adult executive function. Journal of
Personality and Social Psychology, 109, 604—621

shifting attention. However, drawing on the animal behavior research, the research-
ers hypothesized that childhood adversity is most likely to influence later cognitive
function when participants are currently under duress. This hypothesis was inspired
by the rat research reviewed earlier in which rats that experienced high levels of
early life stress were inferior under standard laboratory conditions but showed supe-
rior performance under stressful conditions.

Accordingly, this research included a psychological manipulation. The research-
ers randomly assigned participants to either a future economic unpredictability con-
dition in which they saw a presentation indicating that the economy had tanked, that
there would be no jobs in the future, and that things were getting worse, or a control
condition in which they saw nature pictures. The dependent variables included
inhibitory control and task shifting. On the left side of Fig. 3.3 are the results of the
studies focusing on inhibition. Low versus high levels of childhood unpredictability
(growing up in a chaotic home where people and routines changed a lot) served as
the main predictor variable in this work. What you see is that under the control con-
ditions, there were no differences in inhibitory control, but under conditions of
manipulated economic uncertainty, the individuals with more predictable childhood
developmental histories became better at inhibitory control, better at inhibiting
dominant responses, whereas individuals who grew up in more unpredictable home
environments became worse at it. This was a statistically significant difference in
the uncertainty condition.
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The opposite finding emerged with task shifting (Fig. 3.3). Under the manipu-
lated economic uncertainty condition, individuals from more unpredictable home
environments actually became better at task shifting, whereas individuals who grew
up under more predictable conditions became worse at task shifting. This finding
has now been replicated several times, as published in this report (Mittal et al.,
2015). In conclusion, this is the first set of experiments demonstrating the condi-
tions under which exposure to a childhood stress leads to improved adult cognitive
functioning on a major task. Most interesting, exposure to unpredictable childhood
conditions had specific and opposite effects on two major types of executive func-
tion consistent with the notion that shifting, but not inhibition, is more useful and
adaptive in unpredictable environments.

3.3 Intervention

Now let’s think about how to apply this perspective to intervention. We of course can
think about well-known standard approaches to intervention, as captured by various
metaphors. Here are some that I like. One of them is the metaphor of the cat’s claws
(Ellis et al., 2012) where children from high-risk backgrounds often come into
school like a cat with its claws extended. They may have a hostile attribution bias,
insecure attachment, and an exploitive interpersonal style. A lot of interventions are
trying to get the cat to retract its claws to be more trusting, more comfortable in
school, and more connected to the teacher. We can talk about other metaphors as
well, such as building a better cognitive toolbox or increasing reserve capacity.
Whatever metaphor you use, the standard approach is trying to get these children to
essentially act, think, and feel more like children who are coming from lower risk
backgrounds so they can connect with their teachers and do well in school.

However, two limitations of this approach are worth discussing. One, this inter-
vention is trying to reprogram people, which is hard to do. We know from all that rat
research that early life experiences result in epigenetic changes—that there is bio-
logical embedding of stress across multiple central neural and peripheral neuroen-
docrine systems. Thus, from the outset, these attempts to change individuals are
fighting an uphill battle that is difficult to win. These approaches are also based on
a mismatch assumption—that individuals are adapted to one environment, and now
they’re going into another environment in which there’s a mismatch, and we need to
change them.

The adaptation-based approach to resilience, advocated here, does not question
the assumption that early life stress undermines certain cognitive abilities. But such
well-documented deficits, focusing on “what’s wrong with the kids,” may again
only be half the story. The other half is simply asking, “What’s right with these
youth?” This alternative adaptation-based approach asks: “What cognitive abilities
are enhanced? What learning abilities, memory, problem-solving, and decision-
making strategies are actually improved by exposure to adversity?” Then, secondly,
how can we use—that is, work with instead of against—these strategies to improve
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intervention outcomes? How can we use them to develop better educational and job
training strategies? How can we have a truly strength-based approach that really
leverages what individuals are getting from high-risk environments (see extended
discussion in Ellis et al. 2017)?

Here is an example that we are working on testing in my lab. We are testing the
hypothesis that attentional flexibility in the form of enhanced attention shifting is
linked to better contingency-based learning. That is, more attentionally flexible
people contact and respond to immediate and environmental contingencies more
quickly than less attentionally flexible people. If we can show that attention shifting,
which is enhanced in high-risk kids, actually facilitates associative learning, then
you have a path forward for using those cognitive abilities to enhance intervention
and educational school outcomes for these kids.

My point in talking about these things is not to argue that one set of skills (e.g.,
attention shifting) is better than another set of skills (e.g., inhibitory control), but
that each set of skills is adaptive in different contexts. My real point is that we need
to begin studying these adaptations in context because it is a lot easier to work with
them than against them. And if you work with them, then you’re not creating a mis-
match between what the children are doing in your intervention and what they are
doing when they go back home, or when they go into work, or when they are with
their friends. Instead, you are actually leveraging what they are good at.

As stress and resilience researchers, we are fundamentally interested in risk and
protective factors. We are fundamentally interested in studying the darkness that
faces certain children and how they emerge from that darkness. But I would also say
we need to see through that darkness to leverage it for what it gives us. I want to
encourage people to start thinking beyond risk and protective factors toward actual
adaptations to stress.

I want to conclude this essay by posing a fundamental question that rests at the
heart of the issue: Why should knowledge about the cognitive strengths of youth
who are adapted to harsh, unpredictable environments, of which we know so little
(with the first study published in 2015!), be any less useful than knowledge about
their impairments, of which we know so much? The better we understand these
cognitive adaptations to harsh environments, including the strengths of at-risk
youth, the more effectively we can tailor education, policy, and interventions to fit
their needs and potentials (Ellis et al., 2017).
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Chapter 4

Developmental Traumatology: Brain
Development in Maltreated Children
With and Without PTSD

Jacoba Rock, Charles F. Geier, Jennie G. Noll, and Michael D. De Bellis

4.1 Introduction, Goals, and Rationale

The presentation summarized here conveys the emergence and value of research
on the impact of maltreatment on child and adolescent neurological development
and highlights the advantageous perspective of considering differences between
maltreated children who are and are not diagnosed with posttraumatic stress dis-
order (PTSD). Maltreated children are at a particularly high risk for the develop-
ment of PTSD; though there are contradictory findings of PTSD prevalence in the
literature, select studies show that approximately 40-60% of sexually abused chil-
dren (Dubner & Motta, 1999; McLeer, Deblinger, Henry, & Orvaschel, 1992),
50% of physically abused children (Green, 1985), and 36% of neglected children
exposed to domestic violence (De Bellis, Hooper, Spratt, & Woolley, 2009) have
PTSD. These prevalence rates are comparable to those of children exposed to
warfare and other deleterious life events. While maltreatment is not the only form
of childhood trauma (e.g., loss of a parent), it is known to contribute largely to the
presence of PTSD in children.

A developmental traumatology model of child maltreatment (De Bellis, 2001)
has been proposed to conceptualize the developmental impact of child maltreat-
ment, particularly through the growth and consequences of attachment disorders;
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internalizing disorders such as separation anxiety and major depression; external-
izing disorders such as attention deficit hyperactivity, oppositional defiance, and
suicide attempts; and cognitive and learning disorders and poor school performance.
The role of PTSD in creating or exacerbating the developmental impact of trauma
is consequential and should be the focus of further study. Aside from a societal and
ethical obligation to disrupt pathways to negative outcomes for maltreated children,
research of this kind is also a matter of resource efficiency in the prevention and
reduction of other public health issues such as criminality.

Despite the prevalence rates cited above, scientists and clinicians outside the
study and practice of trauma work may make the common mistake of assuming that
experiences of trauma and the development of PTSD are one in the same, i.e., that
all who have experienced trauma (particularly, severe and/or chronic trauma) must
have PTSD. To the contrary, there are important differences between individuals in
their response to trauma, and likewise, there exist relevant differences between chil-
dren in their response to maltreatment. Many maltreated children do not develop
PTSD, or if they do, PTSD symptoms subsist after a normative period of time; fur-
thermore, many maltreated children do not go on to have poor commonly associated
life experiences, such as academic failure. The pathway from maltreatment to poor
life outcomes is not deterministic or inevitable. Considering these differences offers
an opportunity to identify compounding developmental factors that may deter mal-
treated children from the path towards negative outcomes.

4.2 Posttraumatic Stress Disorder Diagnosis

Though many individuals exposed to trauma do not develop a mental health diagno-
sis, the Diagnostic and Statistical Manual (DSM) IV diagnosis of PTSD does require
the experience of a trauma event, which involves actual or threatened injury to the
self or others. This event must have resulted in intrusive re-experiencing of trauma
(cluster B criterion), which could include having ongoing thoughts and reminders of
the trauma experience. As an example, a child whose experience of maltreatment
involved loud noises (such as domestic violence) may re-experience his or her
trauma when a schoolteacher raises his or her voice. As a result of this triggering
experience, the child demonstrates further persistent symptoms. For example, he or
she may not be able to concentrate in the school environment and may avoid stimuli
and/or demonstrate numbing, emotional bluntedness, and/or dissociation (cluster C
criterion). The re-experiencing of trauma may also result in heightened physiologi-
cal arousal and restlessness (cluster D criterion), such as over-stimulation and fidg-
eting. This is particularly relevant considering that in comparison with other
children, children with PTSD are also more restricted in their expression of emo-
tion. Considering the combination of heightened arousal and restricted self-
expression allows us to understand why PTSD is sometimes misdiagnosed, for
example, as bipolar disorder or schizophrenia. In order to qualify for the PTSD
diagnosis, the duration of symptoms must be greater than 1 month and cause clini-
cally significant distress.
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In the most recent update to the Diagnostic and Statistical Manual (DSM-V), the
PTSD diagnosis in children is distinguished from the PTSD diagnosis in adults to
reflect that younger children (less than 7 years old) may have fewer symptoms than
adults but qualify for and be similarly impaired by the disorder. PTSD symptomol-
ogy is also altered in the DSM-V to include the possible presence of dissociative
reactions and flashbacks, the addition of a cluster for numbing of responsiveness
and negative beliefs about the world, and the clarification that heightened physio-
logical arousal may include reckless or self-destructive behaviors. The research pre-
sented in this summary identifies children with the diagnosis of PTSD who would
meet diagnostic criteria in both the DSM-IV and DSM-V.

4.3 Normative Childhood and Adolescent Brain
Development

An understanding of the neurobiological impact of trauma requires a founda-
tional consideration of normative childhood and adolescent brain development.
Human brain development is marked by the acquisition of progressive skills in
cognitive, behavioral, emotional, and physical domains and the complementary
neurodevelopmental process of myelination in various regions in which neuronal
networks increase connectivity (De Bellis & Zisk, 2014). Popular comparative
images of white and gray matter in infant and older child brains reflect the signifi-
cant growth of neural connections that take place in the early years of childhood,
though this neuronal development continues through adolescence and into young
adulthood (Giedd & Rapoport, 2010). While some areas of the brain (e.g., the
hippocampus) continue to regenerate neurons into adulthood, research substanti-
ates that the first 5 years of life involve significant proliferation of neurons and
synaptic connections.

While childhood is a time of unique synaptic changes, the neurological develop-
mental emphasis of adolescence involves the pruning of neural connections and
associated “fine tuning” of brain development; as a general rule, the connections
that are active and in use are maintained, and the connections that go unused are
pruned. These connections are maintained or pruned throughout the brain, including
the prefrontal cortex, parietal cortex, temporal lobes, and occipital areas, reaching
more adult-like levels of structural maturation at different rates. Overall, these neu-
robiological growth processes support the development of cognitive skills—includ-
ing improved memory, problem-solving abilities, mental flexibility, planning,
behavioral regulation, and emotional regulation—essential abilities in the response
and management of traumatic and stressful life experiences, and those abilities that
could also be negatively altered by the experience of trauma and development of
PTSD.
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4.4 Research on Biological Stress Systems and Adverse
Brain Development Mechanisms

Extant research indicates that biological stress systems and inflammatory markers
can be dysregulated by early experiences of trauma and that these systemic changes
impact further neurological development. This research is reflected in studies on the
increases of inflammatory markers and risk for auto-immune disease, catechol-
amine- and glucocorticoid-induced accelerated loss of neurons (Sapolsky, Uno,
Reert, & Finch, 1990; Simantov et al., 1996) resulting in a premature aging process,
glucocorticoid-induced delays in myelination (Dunlop, Archer, Quinlivan, Beazley,
& Newnham, 1997), glucocorticoid inhibition of neurogenesis (Gould, McEwen,
Tanapat, Galea, & Fuchs, 1997; Gould, Tanapat, & Cameron, 1997; Gould, Tanapat,
McEwen, Flugge, & Fuchs, 1998), and catecholamine-induced abnormalities in the
developmentally appropriate or normative pruning process (Lauder, 1988; Todd,
1992). Neurological scientific studies indicate that the impact of trauma is relevant
to development and could have long-lasting consequences.

4.5 Research on Maturation and Cognitive Function
in Maltreated Children and Adolescents

Technological progress and increased availability of brain imaging equipment has
allowed for new directions in the study of neurological development in maltreated
children (among several other important areas of developmental neuroscience). Prior
to these advancements, research of this nature on the maltreated child population
relied primarily on studies of observed and reported cognitive development (Azar,
Barnes, & Twentyman, 1988; Augoustinos, 1987; Beers & De Bellis, 2002; Carrey,
Butter, Persingler, & Bialik, 1995; Kolko, 1992; Money, Annecillo, & Kelly, 1983;
Perez & Widom, 1994; Trickett, McBride-Chang, & Putnam, 1994), for which only
one known study (Perez & Widom, 1994) was longitudinal in nature. Study out-
comes largely focused on educational outcomes and indicated that maltreated chil-
dren were more likely than non-maltreated children to have a lower intelligence
quotient and lower academic performance. Without undermining the value of this
work, it is widely recognized that there are significant gaps in knowledge about mal-
treated children’s developmental experiences, consequences, limitations, and needs.

In addition to the greater opportunities afforded by brain imaging technology,
innovative research has focused on maltreated children who experience health and
success in adolescence, for example, young people who are medically healthy
despite the presence of traumatic stress (De Bellis & Keshavan, 2003). This per-
spective has allowed for greater consideration of divergent developmental path-
ways, appreciation of neurobiological contributions to resilience, and identification
of intervention opportunities after child maltreatment (even following experiences
that are severe in nature).
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4.6 Cortical Region Volume of Maltreated Children
and Adolescents

Emerging research on brain maturation and impacted neurocognition in maltreated
and/or PTSD-diagnosed children and adolescents substantiates the impact of trauma
and stress on neural activity and intracranial volume; while some of these studies
consider the overall brain size, others focus on the volume (or lack thereof) in indi-
vidual cortical regions. Relationships between child maltreatment and brain volume
have focused on structures such as the hippocampus, cerebellum, and corpus callo-
sum. In a study of children and adolescents with maltreatment-related PTSD and
socio-demographically matched healthy control subjects, anatomical findings from
Magnetic Resonance Imaging (MRI) scans indicated that subjects with PTSD, in
comparison with healthy controls, had smaller intracranial, cerebral, and prefrontal
cortex regions, reduced prefrontal cortical white matter, smaller right temporal lobe
volumes, and smaller areas of the corpus callosum and sub-regions, including a
smaller midsagittal area of the corpus callosum. In comparison with controls, sub-
jects with PTSD also had proportionally larger right, left, and total lateral ventricles,
and a greater amount of cerebrospinal fluid (De Bellis et al., 2002). A commonly
used image of the brain of an 11-year-old maltreated male depicts larger lateral
ventricles (in comparison to a matched control). Such larger spaces are commonly
observed in an aging subject with dementia or severe mental illness, which under-
lines the severity and concerning relevance of such an observation (Fig. 4.1).

De Bellis and Kuchibhatla (2006) conducted a study of maltreated children and
adolescents with PTSD, compared with control groups of children with generalized
anxiety disorder (no trauma histories) and healthy adolescents (no trauma histories);
cerebellar volumes of maltreated children and adolescents with PTSD (including

Fig. 4.1 Lateral ventricles in an 11-year-old maltreated male with chronic PTSD (right), com-
pared with a healthy, non-maltreated matched control subject
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the left, right, and total cerebellum volume) were significantly smaller. The cerebel-
lum is involved not only in motor movement (the most traditionally recognized
functional association), but also increasingly acknowledged for its role in language
development, emotional regulation, and reward systems. This region is also known
for its significant growth during childhood and adolescence (one of the latest matur-
ing structures, as cited by Giedd and Rapoport 2010) and its relatively low heritabil-
ity in comparison to other cortical regions (Tiemeier et al., 2010). De Bellis,
Keshavan, Clark, et al. (1999) also identified differences between maltreated and
non-maltreated children in the corpus callosum, which grows from the interior to
the posterior and is also highly involved in attachment and executive functions.

Not all trauma experiences are equal, and as one example of the relevant differ-
ences in maltreatment experiences, the age at which maltreatment is experienced
and the duration of the maltreatment experiences appear to play an important role
in the neurobiological impact of the trauma. Two studies identified that for mal-
treated children, brain volumes are positively correlated with the age at onset of
maltreatment (» = 0.40, p < 0.05, De Bellis, Baum, Birmaher, et al., 1999; r = 0.39,
p < 0.04, De Bellis et al., 2002) and negatively correlated with the duration of mal-
treatment (r = —0.32, p < 0.04, De Bellis, Baum, Birmaher, et al., 1999; r = —0.42,
p < 0.03, De Bellis et al., 2002). This finding that the earlier a child experiences
maltreatment, the smaller their brain size, supports other evidence of the presence
of sensitive periods of neurological development. Researchers have also identified a
relationship between the years of abuse and intracranial volume in maltreated chil-
dren with PTSD (De Bellis, Baum, Birmaher, et al., 1999; De Bellis et al., 2002).
The aforementioned study of cerebellar volumes (De Bellis & Kuchibhatla, 2006)
also substantiates that these volumes are positively correlated with age of onset of
trauma leading to PTSD (r = 0.44, p = 0.0005) and negatively correlated with the
duration of trauma (r = —0.25, p = 0.06).

4.7 Gender Differences

Several studies have indicated that the neurodevelopmental impact for young mal-
treated males may be greater than for young maltreated females. De Bellis et al.
(2002) demonstrated greater lateral ventricle volume increases in male subjects with
PTSD than in female subjects with PTSD. De Bellis and Keshavan (2003) compared
medically healthy children and adolescents with PTSD to healthy controls, grouped
by gender, and found that while all subjects with PTSD had reduced growth in the
total corpus callosum compared to non-maltreated subjects, the finding was more
prominent in males; furthermore, males with PTSD demonstrated smaller cerebral
volumes and rostrum and isthmus areas (corpus callosum regions) in comparison to
females with PTSD. De Bellis, Baum, Birmaher, et al. (1999) also found maturational
gender differences in the splenium for maltreated boys and girls, with boys’ splenium
volume more adversely impacted. Other studies have indicated significant gender by
PTSD interactions, but there may be no gender differences in the size of the hippo-
campus or activity of the amygdala for maltreated boys versus maltreated girls.
Nonetheless, boys appear to be more vulnerable to developmental trauma disorder.
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Prior studies have shown that maltreated males with PTSD show a trend towards
more PTSD cluster C symptoms than maltreated females with PTSD; cluster C
symptoms represent both avoidant and dissociative behaviors and can be thought of
as ways to control painful and distressing re-experiencing of symptoms. Cluster C
symptoms can lead to diminished interest in others, feelings of detachment, a
restricted range of emotion, and dissociation. Emotional numbing and diminished
interest in others, particularly during development, may result in lack of empathy
and increased risk for antisocial behaviors. There may be a sociobiological basis to
this phenomenon; detachment behaviors during adverse circumstances (such as
warfare) would be more beneficial to male than female primitive humans.

4.8 Neurocognitive Function Differences in Maltreated
Children With and Without PTSD

A consideration of maltreated children who do not experience adverse brain devel-
opment has been particularly beneficial to understanding the potentially differing
trajectories of maltreated children who do and do not develop PTSD. De Bellis,
Woolley, and Hooper (2013) compared maltreated children with PTSD to mal-
treated children without PTSD and both groups to a control group of healthy, non-
maltreated children. This study included children who were previously diagnosed
with PTSD but no longer showed signs and symptoms, as well as children who had
never been diagnosed despite maltreatment experiences. In order to draw these
comparisons, strict clinical inclusion and exclusion methods were utilized. The
Kiddie-Sads-Present and Lifetime (K-SADS-PL) assessment for DSM-IV diagno-
sis of PTSD and other disorders was utilized, and maltreatment was defined and
substantiated by child protective services. Included participants lived in a stable
home environment, had one non-abusing parent who could cooperate with study
protocol, and had access to birth records. Exclusion criteria included participants
who used medication with central nervous system effects, had a history of signifi-
cant medical illness or head injury, experienced obesity or growth failure, had a
birth weight under five pounds (or significant prenatal alcohol/drug exposure or
birth complications), were diagnosed with anorexia nervosa, autism, pervasive
developmental disorder, or schizophrenia, or had a full scale intelligence quotient
score of less than 70 for all subjects, or any trauma, maltreatment, or psychiatric
illness history for the healthy non-maltreated control subjects.

Interviews with children/adolescents and their parent were conducted in 1 day,
including genetic testing of children, cognitive testing of both children and their
parents, and mental health interviews of both children and their parents. MRI brain
scans for anatomy, Diffusion Tensor Imaging (DTI), Functional Magnetic Resonance
Imaging (fMRI), and Magnetic Resonance Spectroscopy (MRS) were completed on
separate testing days. Researchers used the Children’s Global Assessment Sale
(CGAS) and Child Behavior Checklist (CBCL) to document internalizing and
externalizing behaviors, as well as measurements of dissociation, total PTSD symp-
toms, and lifetime summary of maltreatment types, to compare non-maltreated chil-
dren, maltreated children, and maltreated children with PTSD.
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Both maltreated children with PTSD and maltreated children without PTSD per-
formed more poorly than the healthy controls in several areas of cognitive function-
ing, including intelligence, attention, language, memory, executive functioning, and
academic achievement in math and reading. The primary cognitive functioning dif-
ference between maltreated children with and without PTSD was on performance of
visual-spatial tasks (F(4, 134) = 4.49, p = 0.002), which has relevance for executive
functioning (De Bellis et al., 2013).

In another study grouping maltreated children with PTSD separately from mal-
treated children without PTSD (and a third group of children without maltreatment
experiences), De Bellis et al. (2015) examined anatomical volumetric and corpus
callosum DTI measures using MRI scans to find less posterior gray matter volume
in children with maltreatment-related PTSD in comparison to maltreated controls.
A correlation was identified between total posterior gray matter volumes and the
number of PTSD symptoms in maltreated children, such that the greater the number
of PTSD symptoms, the lower the posterior gray matter volume (r = —0.37,
p < 0.01). Furthermore, in comparison with the control group, maltreated children
without PTSD have a higher volume of cerebellar gray matter, and maltreated chil-
dren with PTSD have a lower volume of cerebellar gray matter (F2, 113 = 6.7,
p <0.002). Similar to the relationship with posterior gray matter, a positive correla-
tion was also found between cerebellum gray matter and PTSD symptoms, such that
the greater the number of PTSD symptoms, the smaller the cerebellum (r = 0.44,
p <0.002). Based on these findings, one might conclude that child maltreatment can
lead to “chronic PTSD brain” or “resilience to chronic PTSD brain,” differing tra-
jectories that have a substantial impact on the likelihood for further risk.

These findings align with other studies about neurobiological associations of
maltreatment-related PTSD, including decreased gray matter, posterior cortex, and
cerebellum (including the angular gyrus, cuneus, precuneus, lateral occipital gyrus,
superior parietal lobule, posterior cingulate, and visual cortex), and the related func-
tions of visual-spatial processing/decision-making, receptive language, attention
and executive functions, the posterior default network, and ventral circuits.
Furthermore, gender differences were supported; maltreated males had less gray
matter than maltreated females in the left superior prefrontal cortex, a region
involved in inhibitory control and risk for impulsivity (De Bellis et al., 2015).

Relevant to these studies is the role of the prefrontal cortex, specifically the ven-
tral medial (or orbital frontal) prefrontal cortex, medial prefrontal (or anterior cin-
gulate) cortex, and the limbic system, including the hippocampus and amygdala. In
a third study grouping maltreated children with and without PTSD separately (and
including non-maltreated controls), Morey, Haswell, Hooper, and De Bellis (2016)
used MRI to demonstrate linear relationships between the ventral medial prefrontal
cortex and anterior cingulate cortex volumes; the control group and maltreated chil-
dren without PTSD were found to have greater volume in these areas than mal-
treated children with PTSD (F = 3.6, p < 0.03). Maltreated children without PTSD
were also found to have a greater total amygdala volume, particularly larger on the
left side, than both maltreated children with PTSD and non-maltreated children
(F =4.3, p <0.02). Finally, maltreated children without PTSD were found to have
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a greater right hippocampal volume than both maltreated children with PTSD and
non-maltreated children (F' = 4.2, p < 0.02). These findings have relevance to the
consideration of differences in complex functions that may be modulated by stress
and impacted by neurotransmitter activity. These findings may also represent a
shared trauma mechanism that leads to PTSD, impulsivity (attention deficit hyper-
activity disorder), co-morbidity, and poor outcomes.

4.9 Neurobiology of Hope

The consideration of differing neurobiological trajectories from childhood maltreat-
ment presents an opportunity for intervention. After an initial trauma, most indi-
viduals have PTSD symptoms that resolve on their own; for example, it is very
common for individuals who experience trauma to have high anxiety or trouble
sleeping for several days or several weeks, after which the symptoms dissipate. A
pathway exists in which otherwise traumatized individuals can learn and grow
through a mechanism called “extinction.” For example, though a young male who
has experienced physical or sexual abuse by an older male may have initial adverse
reactions to the presence of other older males, the healthy and non-threatening pres-
ence of a safe older male may allow the traumatized young person to restructure his
reaction and replace his associations. This type of restructuring or replacement of
unhealthy associations may be supported through the use of cognitive behavioral
therapy (CBT), a preferred treatment option; in a review of recent fMRI studies,
Porto et al. (2009, as cited in De Bellis & Zisk, 2014) demonstrated that CBT can
relieve dysregulation of fear response and negative emotions associated with anxi-
ety. A trauma-focused adaptation of the CBT intervention is particularly relevant. It
should be noted that the effectiveness of changing cognitive responses to fear
requires an intact ventral medial prefrontal cortex that can inhibit a fear response to
the amygdala and interior cingulate cortex (the ventral medial prefrontal cortex is
also known to have value in adolescence for the prediction of later drug use, a com-
pounding risk factor). The early identification of PTSD symptoms following early
childhood trauma can allow opportunities to prevent and intervene in this pathway
while neurobiological potential is still present (De Bellis, 2001).

In addition to the individual use of cognitive behavioral therapy, there is
increasing emphasis on evidence-based programming for maltreated children at
risk for PTSD and associated negative life outcomes in the family system.
Emerging research indicates the amenability of child maltreatment to primary pre-
vention, such as the Nurse-Family Partnership Program, in which expectant moth-
ers in low-income, at-risk families are visited by nurses. Several studies of this
program indicate improved later outcomes for children, including greater educa-
tional achievement in childhood, decreased internalizing symptoms and decreased
substance use in childhood, and decreased antisocial behaviors in young adult-
hood (Olds et al., 2007; Kitzman et al., 2010; Eckenrode et al., 2010, as cited in
De Bellis & Zisk, 2014).
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Overall, adverse brain development may be reversible. When rescued from
extremely neglectful and abusive environments, some profoundly maltreated chil-
dren are capable of accelerated rates of catch-up growth, including remission of
severe psychopathology and normalization of cognitive function. There is even
capacity for neurogenesis in the adult human brain, though this can be inhibited by
other environmental stressors, which may be probabilistic for high-risk individuals.
Though “rescuing” is not always possible, understanding how and why some mal-
treated children do not develop PTSD or adverse brain developmental effects allows
researchers, clinicians, program developers, and policy makers to focus on the what,
where, and when of intervention that may deter more maltreated children from fur-
ther negative life consequences. The presenter concludes with the importance of
support for longitudinal imaging studies of maltreated children and studies that
begin prior to the birth of at-risk children, towards the identification of neurobio-
logical sources of protection and resilience.
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Chapter 5
Childhood Maltreatment and Pediatric
PTSD: Abnormalities in Threat Neural
Circuitry

Ryan Herringa

5.1 Introduction

Childhood maltreatment is regrettably common, affecting an estimated 1 in 4 youth
by the age of 18 (Finkelhor, Turner, Shattuck, & Hamby, 2013). Childhood mal-
treatment accounts for up to 45% of the risk for childhood-onset psychiatric disor-
ders (Green et al., 2010), making it one of the most identifiable and potent risk
factors known for mental illness. On the other hand, many youth show emotional
adaptation even in the face of severe maltreatment and do not develop mental illness
(Daskalakis, Bagot, Parker, Vinkers, & de Kloet, 2013; DuMont, Widom, & Czaja,
2007). What, then, are the neurobiological pathways that may lead to vulnerability
or adaptation following maltreatment? Such knowledge is vital for predicting indi-
vidual outcomes following maltreatment, determining which youth should receive
early intervention, and developing biologically informed treatments for symptom-
atic youth. Studies in my own lab and others have begun to detail abnormalities in
the neural circuitry processing threat and fear responses in relation to childhood
maltreatment and PTSD. In this chapter, I will review my laboratory’s work using
functional brain MRI to explore these relationships across adult and pediatric sam-
ples. Here, I propose a model in which maltreatment generally leads to neural
changes allowing heightened threat detection, which may serve as an adaptive
response for children in a dangerous environment. However, a child or adult’s abil-
ity to recruit prefrontal regulatory regions may play a key role in determining adap-
tive and maladaptive emotional outcomes following childhood maltreatment.
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5.2 Neural Circuitry Underlying Threat Processing
and Developmental Considerations

Studies spanning animal models and humans have identified a canonical set of brain
regions involved in the detection, processing, and regulation of threat responses.
Perhaps most well known of these is the amygdala, a region involved in the detec-
tion of salient cues in the environment such as threat, and which is capable of initiat-
ing defensive threat responses in the form of the fight-or-flight response (Hartley &
Phelps, 2010). The amygdala does not act in isolation, however, and coordinates
with other brain regions to enhance or inhibit threat responses. The hippocampus is
one such region that is capable of contextually limiting threat responses in an envi-
ronment otherwise known to be safe (Maren, Phan, & Liberzon, 2013). The ventro-
medial prefrontal cortex (vmPFC) is involved in stimulus valuation and can
automatically inhibit amygdala-based fear responses, as in fear extinction (Milad &
Quirk, 2012). Conversely, the anterior midcingulate cortex (aMCC), broadly
involved in behavioral adaptation (Shackman et al., 2011), may augment threat
responses consistent with its role in conditioned fear (Milad & Quirk, 2012). Finally,
dorsal prefrontal regions such as the dorsomedial and dorsolateral prefrontal cortex
(dm/dIPFC) are involved in more conscious or effortful appraisal of threat and are
capable of downregulating threat responses through connections with the vmPFC
and amygdala (Kalisch & Gerlicher, 2014; Phillips, Ladouceur, & Drevets, 2008).

These brain regions, and the connections between them, are not fully developed
at birth and are thus susceptible to the effects of childhood maltreatment. For exam-
ple, amygdala and hippocampal volumes increase rapidly in children up to age 5
and 10, respectively (Uematsu et al., 2012), while higher-level cognitive regulatory
regions such as the dorsal prefrontal cortex do not fully mature until the mid-20s
(Giedd et al., 2009). Accordingly, functional MRI studies in youth show decreasing
amygdala activation in response to emotional stimuli with age, which appears to be
linked to stronger coupling between the amygdala and prefrontal regulatory regions
(Gee et al., 2013; Vink, Derks, Hoogendam, Hillegers, & Kahn, 2014). It stands to
reason, then, that maltreatment may bias these neurodevelopmental trajectories both
in ways that are adaptive for a stressful environment and in other ways that may lead
to vulnerability for psychopathology such as anxiety, depression, and PTSD.

5.3 Childhood Maltreatment and Functional Brain
Abnormalities

Many neuroimaging studies have documented neural abnormalities during emotion
processing in relation to childhood maltreatment and other forms of adversity. For
example, amygdala hyperactivation has been reported across many types of child-
hood adversity (e.g., poverty, caregiver deprivation, interpersonal violence, mal-
treatment, and stressful life events) (Garrett et al., 2012; Gee et al., 2013; Kim et al.,
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2013; McCrory et al., 2011; McLaughlin, Peverill, Gold, Alves, & Sheridan, 2015;
Swartz, Williamson, & Hariri, 2015; Dannlowski et al., 2012, 2013; Suzuki et al.,
2014; Maheu et al., 2010; Malter Cohen et al., 2013; Tottenham et al., 2011) and
appears to be specific to negative emotional stimuli (Dannlowski et al., 2013; Gee,
Gabard-Durnam, et al., 2013; Maheu et al., 2010; McLaughlin et al., 2015) [though
see (Suzuki et al., 2014)] but is generally independent of symptom levels
(Dannlowski et al., 2012, 2013; Garrett et al., 2012; Gee, Gabard-Durnam, et al.,
2013; Kim et al., 2013; McCrory et al., 2011; McLaughlin et al., 2015; Suzuki et al.,
2014; Swartz et al., 2015). In contrast, prefrontal findings during emotion process-
ing have been more variable and include mixed findings (increased and decreased
activation) in the mPFC (Crozier, Wang, Huettel, & De Bellis, 2014; Garrett et al.,
2012), dIPFC (Fonzo, Huemer, & Etkin, 2016; Garrett et al., 2012; Kim et al., 2013;
McLaughlin et al., 2015), and ventrolateral (vI)PFC (Crozier et al., 2014; Garrett
et al., 2012; Gee, Gabard-Durnam, et al., 2013; Kim et al., 2013) in relation to mal-
treatment. Notably, abnormal prefrontal activation may also be specific to negative
stimuli (Gee, Gabard-Durnam, et al., 2013; McLaughlin et al., 2015), further impli-
cating neurodevelopmental abnormalities in threat processing following maltreat-
ment. However, it remains unclear which abnormalities may contribute to adaptive
or maladaptive emotional responses following maltreatment and how brain net-
works, and not just specific brain regions, have been impacted. In the following
section, I review studies in my laboratory examining these questions.

5.4 Maltreatment and Resting-State Brain Functional
Connectivity

Resting-state fMRI offers a method of probing the brain’s intrinsic networks and
connectivity in the absence of specific task demands (Fox & Raichle, 2007). As
such, it offers a view of brain function that goes beyond a single experimental task
design. Using resting-state scans, we examined the relationship between childhood
maltreatment and amygdala and hippocampus functional connectivity in a group of
64 late adolescents (age 18) who participated in the longitudinal Wisconsin Study of
Families and Work (Herringa et al., 2013). We measured childhood maltreatment by
self-report using the Childhood Trauma Questionnaire (CTQ), a well-validated
measure of maltreatment experiences (Bernstein et al., 2003). In this study, child-
hood maltreatment was associated with reduced connectivity between both the
amygdala and hippocampus and the vmPFC (Fig. 5.1). Furthermore, maltreatment
was associated with a greater reduction in amygdala—vmPFC connectivity in girls
compared to boys. Together, these findings suggest that maltreatment may weaken
a key circuit involved in the automatic inhibition of threat responses. Presumably,
this could occur through weakened inhibitory control of the amygdala by the vmPFC
and by impaired ability of the vmPFC to contextually limit threat responses via
information derived from the hippocampus. Reduced amygdala— and
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Fig. 5.1 Childhood maltreatment is associated with reduced resting-state connectivity between
the amygdala and ventromedial prefrontal cortex (PFC). This effect was present in a community
sample of adolescents (top) and in young adult combat veterans (bottom). CTQ Childhood Trauma
Questionnaire. Figure adapted from Birn et al. (2014) and Herringa, Phillips, et al. (2013)

hippocampus—vmPFC connectivity also partially mediated internalizing symptoms
of anxiety and depression at age 18, suggesting that maltreatment-related abnor-
malities in these circuits confer some risk for psychiatric problems.

In another study, we examined the relationship between childhood maltreatment
and amygdala and hippocampus resting-state connectivity in a sample of young
adult combat veterans from the Iraq and Afghanistan wars (ave. 26.6 years) (Birn,
Patriat, Phillips, Germain, & Herringa, 2014). Within this analysis, we also exam-
ined the unique relationships of combat exposure and combat PTSD symptoms to
amygdala and hippocampal connectivity, allowing us to differentiate between the
effects of childhood and adult trauma as well as symptom levels. Similar to the
adolescent study, we found that childhood maltreatment was associated with
reduced connectivity between the amygdala and hippocampus and the vmPFC
(Fig. 5.1). However, childhood maltreatment was also associated with greater cou-
pling (more anticorrelation) between the amygdala/hippocampus and dmPFC
(Fig. 5.2), a region involved in the cognitive control of emotion, as noted above.
Furthermore, PTSD symptoms were associated with reduced coupling (less anticor-
relation) between the amygdala/hippocampus and dm/dIPFC (Fig. 5.2). These
results suggest that maltreatment may weaken ventral automatic regulatory circuits
that inhibit threat responses, but which may be largely adaptive in allowing for
enhanced threat detection and initial response. However, maltreatment may also
augment coupling with dorsal prefrontal regions involved in the effortful, cognitive
control of threat. Conversely, PTSD symptoms may emerge from a weakening of
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Fig. 5.2 Combat veterans show differential effects of childhood maltreatment and combat PTSD
on amygdala-dorsomedial prefrontal cortex (dmPFC) resting-state connectivity. Childhood mal-
treatment is associated with greater negative coupling (anticorrelation) between the amygdala and
dmPFC (top). However, combat PTSD symptoms are associated with a loss of this anticorrelation.
Negative coupling between the amygdala and dmPFC is typical of healthy adults. Figure adapted
from Birn et al. (2014)

cognitive control connections, suggesting a potential pathway by which cumulative
trauma may lead to psychopathology.

5.5 Maltreatment and Brain Functional Connectivity
During Emotion Processing

The above studies suggest maltreatment-related abnormalities in the resting state
function of threat circuits. Are similar abnormalities present during emotion pro-
cessing, and do we see evidence of abnormal neurodevelopment in affected youth?
To answer these questions, we conducted a functional MRI study in a sample of
approximately 30 youth with PTSD and 30 healthy youth between the ages of 8 and
18 years (ave. 14 years). Index traumas for the PTSD group consisted primarily of
interpersonal violence, including abuse. Youth performed two emotion-processing
tasks, in which they viewed standardized neutral and threat scenes, and a task view-
ing emotional faces (angry, happy). The groups were similar in terms of age, IQ, and
pubertal status.

In the analysis of threat vs. neutral scenes (Wolf & Herringa, 2016), there were
surprisingly no differences in amygdala activation between the two groups.
However, youth with PTSD showed hyperactivation in the aMCC, a region notable
for its role in enhancing conditioned threat responses. Furthermore, while youth
with PTSD did not show differential amygdala activation, they did have weaker
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Fig. 5.3 Functional brain abnormalities during viewing of threat vs. neutral scenes in youth with
PTSD. Youth with PTSD show age-related differences in amygdala-ventromedial prefrontal cortex
connectivity (top). Here, youth with PTSD show decreased coupling with age, the opposite pattern
of healthy youth. Youth with PTSD also show reduced coupling between the amygdala and dorso-
medial prefrontal cortex (PFC) when viewing threat scenes, which was also associated with greater
PTSD avoidance symptoms (bottom). Figure adapted from Wolf and Herringa (2016)

coupling between the amygdala and dmPFC, which also related to PTSD severity
(Fig. 5.3). Additionally, this analysis revealed age-related differences in functional
connectivity between the amygdala and vmPFC. Here, healthy youth showed
increasing connectivity with age, while youth with PTSD showed decreasing con-
nectivity (Fig. 5.3). Notably, amygdala-vmPFC connectivity was not associated
with PTSD severity. These findings agree overall with an emerging model suggested
by the resting-state studies, in which maltreatment experiences may weaken more
automatic ventral regulatory circuits over the course of development but may also
confer adaptive benefit in a dangerous environment. However, weakened coupling
between the amygdala and dorsal cognitive control regions may underlie (at least in
part) the expression of PTSD in youth.

In the emotional faces task, we examined brain activation and amygdala func-
tional connectivity for happy and angry faces compared to a shape control condition
(Keding & Herringa, 2016). While we again detected no overall differences in
amygdala activation, we did observe a developmental effect. Healthy youth showed
decreasing amygdala activation to emotional faces with age, consistent with prior
work in normative samples of youth. However, youth with PTSD showed increasing
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Fig. 5.4 Functional brain abnormalities during viewing of emotional faces in youth with PTSD.
Youth with PTSD show age-related differences in amygdala activation (top). Here, youth with
PTSD show increased activation with age, the opposite pattern of healthy youth. Youth with PTSD
also show reduced coupling between the amygdala and dorsomedial prefrontal cortex (PFC) when
viewing angry faces but increased coupling when viewing happy faces (bottom). This emotion-
abnormal connectivity was further associated with PTSD hyperarousal symptoms. Figure adapted
from Keding and Herringa (2016)

amygdala activation with age, which was unrelated to symptom severity (Fig. 5.4).
When examining aMCC activation, we found, somewhat to our surprise, that youth
with PTSD showed no differential activation to angry faces but did show hyperacti-
vation to happy faces. Furthermore, we observed a similar interaction in amygdala—
dmPFC connectivity. Here, youth with PTSD showed decreased connectivity to
angry faces but increased amygdala-dmPFC connectivity to happy faces (Fig. 5.4).
These emotion-specific abnormalities were further linked to PTSD severity, sug-
gesting they represent a maladaptive response to maltreatment. Specifically, pediat-
ric PTSD appears to be associated with insufficient deployment of appraisal and
regulatory resources to typical threat (angry faces) but excessive resource deploy-
ment to typically safe stimuli (happy faces). Consistent with our other work, these
findings also suggest that dysfunction in a key cognitive-emotional control circuit
(amygdala to dorsal prefrontal cortex) may play a key role in determining adaptive
and maladaptive emotional responses following maltreatment.

5.6 A Model of Adaptive and Maladaptive Changes
in Threat Circuitry Following Maltreatment

What do these findings tell us about how childhood maltreatment impacts the devel-
oping brain’s threat circuitry? Which neural “changes” may confer adaptive benefits
for youth, and which may contribute to psychiatric illness? These are ultimately
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very difficult questions to answer for several reasons. First, we do not have a clear
measure of how certain biological or behavioral changes may have allowed a child
to adapt to her environment. Do we measure academic success, intensity or fre-
quency of emotion, or ability to avoid future danger? Second, any “adaptive” brain
changes that allow a child to survive in an abusive environment, and at a certain age,
could become maladaptive in other circumstances. Hypervigilance to emotional
faces could be helpful while living with an abusive caregiver but could become
problematic in forming peer relationships, moving to a safe household, or seeking a
job as an adult. In other words, while the context has changed, the neural systems
remain primed for a dangerous environment. Third, we do not know whether the
observed neural abnormalities related to maltreatment were present before maltreat-
ment occurred (i.e., a predisposing factor), occurred as a result of maltreatment, or
were due to another confounding factor such as pollutant exposure, food availabil-
ity, or intrauterine drug exposure. Finally, fMRI is limited in its ability to determine
actual function at the neuronal circuit level. For example, does a greater fMRI signal
in the amygdala signify activation of inhibitory neurons, excitatory neurons, or
both, and in which subnuclei of the amygdala? The implications of activation find-
ings can be drastically different depending on the answers to such questions. Clearly,
we must remain humble in interpreting human neuroimaging studies such as these
and seek to either support or refute these findings with longitudinal studies in
humans and animal models.

With the above caveats noted, I will propose a model of adaptive and maladap-
tive neural changes following maltreatment that can offer testable hypotheses in
future work (Fig. 5.5). As an admittedly coarse measure, I will use clinical symptom
relationships as a barometer of emotional adaptation. In other words, abnormalities
clearly linked to anxiety, depression, or PTSD severity are seen as more likely to
represent maladaptive neural function caused by maltreatment. Using this frame-
work, our findings suggest a number of maltreatment-related brain findings that are
likely to be adaptive. These findings include increasing amygdala activation with
age, weaker coupling with age between the amygdala/hippocampus and vmPFC,
and aMCC hyperactivation to canonical threats. Together, these network changes
may allow for heightened automatic detection of threat and appraisal of potential
threat. Here, the amygdala can more readily detect potentially salient and threaten-
ing cues in the environment, such as an emotional expression, but with less “auto-
matic braking” applied by the vmPFC and hippocampus. This information can then
be passed on to the aMCC, which is involved in automatic appraisal processes
(deciding whether something is a threat or not). These neural changes could serve
to protect a child in an abusive environment so long as potential threat is accurately
categorized at the automatic, subconscious level. Our findings in the aMCC are all
the more interesting in this regard. Youth with PTSD showed aMCC hyperactivation
to threat scenes that was not associated with symptom severity and bears resem-
blance to normative changes seen in the aMCC in combat veterans (Herringa,
Phillips, Fournier, Kronhaus, & Germain, 2013; van Wingen, Geuze, Vermetten, &
Fernandez, 2011). On the other hand, youth with PTSD also showed aMCC hyper-
activation to happy, but not angry, emotional faces, which was further linked to
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Stress
adaptation

Enhanced
threat
detection

Fig. 5.5 Neural model of adaptive and maladaptive effects of maltreatment on brain function in
youth. Maltreatment may elicit hyperactivation in brain regions such as the amygdala and anterior
midcingulate cortex (aMCC) which could allow for enhanced automatic detection and appraisal of
threat. Emotional adaptation may be determined, however, by the degree of recruitment in cogni-
tive control regions such as the dorsomedial prefrontal cortex (dmPFC), which is involved in the
conscious appraisal of threat and emotion regulation. vimPFC ventromedial prefrontal cortex

illness severity. This finding would suggest that automatic appraisal of threat for
emotional faces may be inappropriately encoded in the aMCC in youth with PTSD
and may contribute to difficulties discriminating threat and safety in others’ emo-
tional expressions.

Our findings also implicate coupling between the amygdala and dm/dIPFC as
being a key determinant of emotional adaptation following maltreatment. In this
model, heightened sensitivity of a “bottom-up” threat detection system is balanced
by increased engagement of “top-down” control by regulatory prefrontal regions.
The dmPFC fits nicely in this regard, as it has been implicated in effortful, con-
scious threat appraisal (Kalisch & Gerlicher, 2014), can augment or inhibit threat
responses based on context (Robinson, Charney, Overstreet, Vytal, & Grillon,
2012), and is associated with emotion regulation success and lower anxiety via cou-
pling with the amygdala (Kim, Gee, Loucks, Davis, & Whalen, 2011; Lee, Heller,
van Reekum, Nelson, & Davidson, 2012). The adaptive upregulation of dm/dIPFC
following maltreatment is also supported by additional recent studies, including our
own (Fonzo et al., 2016; Herringa et al., 2016; Kim et al., 2013; McLaughlin et al.,
2015). For example, McLaughlin and colleagues showed that, controlling for symp-
tom levels, maltreated youth show amygdala hyperactivation when viewing, but not
when regulating emotional reaction to, negative pictures (McLaughlin et al., 2015).
Furthermore, maltreated youth showed heightened dm/dIPFC recruitment during
emotion regulation, suggesting this is a compensatory mechanism that may support
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conscious appraisal and emotion regulation. Recent work from our own group also
supports this view. In our longitudinal community sample of adolescents, we
showed that childhood family adversity was associated with amygdala hyperactiva-
tion in response to negative images but was not associated with internalizing symp-
toms (Herringa et al., 2016). When examining amygdala connectivity, however, low
internalizing (“resilient”) adolescents showed increased amygdala-dmPFC cou-
pling in relation to childhood adversity. High internalizing (“vulnerable”) adoles-
cents, on the other hand, did not show this adversity-related enhancement. These
findings further suggest that the ability of the developing brain to augment this
cognitive-emotional regulatory circuit following maltreatment may be a key deter-
minant of one’s emotional health and resilience.

5.7 Implications for Prevention and Treatment of Mental
Illness in Maltreated Youth

I end this chapter by considering the potential implications of these neuroimaging
studies for clinicians, schools, child welfare agencies, and policy makers who have
an impact on child development. In an ideal world, we would prevent maltreatment
from happening in the first place. While beyond the scope of this chapter, there are
emerging programs and policies that seek to do just that, for example through parent
training and household economic strengthening (Hillis et al., 2016; Prinz, Sanders,
Shapiro, Whitaker, & Lutzker, 2009). Even the best programs and policies, how-
ever, are unlikely to prevent all cases of child maltreatment, which behooves us to
advance secondary prevention and treatment strategies for these youth. The findings
summarized in this chapter suggest that maltreatment causes a cascade of neurobio-
logical changes that could have either adaptive or maladaptive effects in terms of
emotional well-being. Notably, hyperactivation of regions such as the amygdala,
involved in automatic detection of threat, may be advantageous in a dangerous envi-
ronment. In this sense, we may expect some degree of threat reactivity to persist in
affected youth and can help to normalize these reactions for children and families.
On the other hand, our neural findings suggest that augmenting circuitry involved
in the conscious appraisal of threat and regulation of emotion may be helpful. In
youth who have been maltreated but have not yet developed psychiatric illness, one
could envision secondary prevention strategies that seek to enhance threat discrimi-
nation and emotion regulation such as cognitive-behavioral therapy, mindfulness
training, and safety planning to avoid future dangerous situations. As our biological
markers advance, we may one day be able to target such prevention strategies more
precisely, focusing on youth who do not show compensatory or adaptive brain
changes. For youth who develop a mental illness such as PTSD, therapeutic strate-
gies such as trauma-focused cognitive behavioral therapy and eye-movement desen-
sitization and reprocessing have already shown effectiveness (Cohen & Mannarino,
2015; Diehle, Opmeer, Boer, Mannarino, & Lindauer, 2014). However, future
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studies would be helpful to determine how these therapies affect the neural systems
of threat and whether this translates to more accurate threat discrimination and
improved emotion regulation. Notably, our findings suggest that youth with PTSD
may show specific impairments in threat appraisal of emotional faces. Here, the
brain appears to “dismiss” potential threats that may seem obvious to emotionally
healthy individuals (angry faces), and instead recruits additional threat appraisal
resources for typically benign expressions (happy faces). Such findings suggest that
helping clinically affected youth to more accurately differentiate emotional expres-
sions in their (safe) caregivers and others may help to make their world more pre-
dictable. As with secondary preventions, improvements in biomarkers of
maltreatment exposure and PTSD in youth may help to guide such therapies in the
future by indicating which youth respond to a particular treatment modality and
enabling the use of other modalities or novel treatments for those who do not.

For policy makers, the neurobiological findings summarized here should also
impart a degree of urgency and motivation to improve interventions at all levels,
from prevention of maltreatment to better clinical treatment. Maltreatment appears
to change the structure and function of the developing brain in ways that can be
quite harmful, placing the brain on a developmental path that leads to a host of nega-
tive physical and mental health outcomes. These injuries are not so obvious as a
bruise or a broken bone but are nonetheless present. On the other hand, the develop-
ing brain can be quite resilient, allowing a child to recover and thrive if given the
right support.
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Chapter 6
Pediatric Posttraumatic Stress

Olivia Altamirano and Victor G. Carrion

Preface Children who experience trauma are at a disadvantage in terms of being
able to cope with it; thus their ability to succeed is hindered if they are not offered
appropriate resources. Traumatic experiences may include natural catastrophes and
physical abuse. Children may also be exposed to adversities including poverty and
community violence, which are often chronic difficulties. These stressors can be
difficult for a child to manage, especially because children’s coping skills are few
and not yet well developed. For these reasons, it is important to address stress in
children. We must conduct research aimed at understanding their brain develop-
ment, for example, by investigating biological markers and sociocultural factors
influencing growth. Research findings will better inform appropriate diagnosis, if
present, and focused treatment when needed. It is imperative to intervene early with
children in order to help them gain the skills they need to successfully cope with
traumatic stress and adversity in early life.

This chapter reviews pediatric Posttraumatic Stress Disorder (PTSD), with a
focus on children who experience multiple stressors and adversities. We discuss
past research as well as our own published research and studies that are currently
underway. Much of the research that we present is multimodal in approach and
investigates areas including behavioral, emotional, anatomical, and biological
aspects. We discuss how former research has influenced the novel treatments we
have developed, such as our Cue-Centered Therapy approach, and large-scale pre-
ventive interventions such as the Health and Wellness Program, a yoga and mindful-
ness curriculum at schools. Integrated system models of primary and mental health
are also introduced, including two examples that exist at the Ravenswood Family
Health Center and The Center for Youth Wellness. This chapter aims to introduce
pediatric PTSD to the general audience and inform that audience about current
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practices aimed at helping to equip children with the skills they need to successfully
adapt and overcome posttraumatic deficits.

6.1 Introduction to Trauma

There is a plethora of examples of traumatic events that people may be exposed to
during a lifetime. Traumatic events can be man-made but can also include natural
catastrophes outside of our control. Traumatic events can be very difficult to cope
with, and children are even more vulnerable than adults to the effects of trauma.
Hostile environments, such as a home marked with domestic abuse, are factors that
children cannot control. As minors, they cannot simply change their living condi-
tions. Moreover, children often have few and very basic coping skills, which may
only be minimally effective when facing severe events. Additionally, children are
often unable to cognitively appraise events as serious traumas and are thus less
likely to seek resources when distressful events occur.

Man-made traumas include events such as the terrorist attacks of 9/11 and mass
shootings in schools. Recent school shootings, where students are thought to be
safe, include those at Virginia Polytechnic Institute and State University in Virginia
in 2007 (Hauser & O’ Connor, 2007), Sandy Hook Elementary School in Connecticut
in 2012 (Vogel, Horwitz, & Fahrenthold, 2012), and Umpqua Community College
in Oregon in 2015 (Vanderhart, Johnson, & Turkewitz, 2015), to name a few. On a
smaller but no less significant scale, other man-made traumatic events include expe-
riencing or witnessing physical abuse, sexual abuse, crimes, and accidents. Even in
supportive family systems, some children may still be susceptible to these traumas
in their larger communities.

Traumatic events can also come unexpectedly from natural forces. The 1989
Loma Prieta Earthquake in California left dozens dead and thousands wounded
(History.com Staff, 2009). Over 1000 people died as a result of Hurricane Katrina
in Louisiana (Rushton, 2015). People in Haiti have now experienced two of these
natural disasters within 6 years: a 7.0 magnitude earthquake in 2010 and
Hurricane Matthew in 2016 (Ansari, 2016). It is important to consider the possibil-
ity that in addition to the aforementioned natural traumas, some of these children
could have also been exposed to other types of trauma, such as poverty or abuse.
When combined, these factors paint an illustration of the potential accumulation
of trauma.

6.1.1 Early Life Stress

McEwen and Tucker refer to the accumulation of stressors as the “allostatic load,”
which “confers some vulnerability to toxic exposures” (2011). They explain that
allostatic load encompasses stressors such as low income, lack of education,



6 Pediatric Posttraumatic Stress 73

vulnerable occupations, and chemical stressors (e.g., pollution and pesticides). The
consideration of co-exposure in early life specifically renders allostatic loads poten-
tially composed of: aggressive, irresponsible, or neglectful parenting; negative peer
relationships; academic demands; and chronic family stress such as financial insta-
bility, concern for future prosperity, and adverse neighborhood conditions. The bur-
den of all these stressors places children at risk to develop both physiological and
psychological difficulties.

The following case offers a depiction of the allostatic load of 11-year-old Andy.
Andy was referred to our clinic, the Early Life Stress and Pediatric Anxiety Program
(ELSPAP), because he was becoming very aggressive with his siblings. His mom
regarded this as something uncharacteristic of his usual demeanor. Furthermore, she
reported he had decreased academic performance, frequent nightmares, and diffi-
culty sleeping. After some time, Andy’s mom disclosed that her partner had regu-
larly abused the entire family, both physically and emotionally, for many years.
Andy had been hit numerous times with metal bars, wooden rods, and bamboo
sticks. Andy’s mom blamed herself and thought that her son’s behavior was directed
at her for prompting the father’s arrest and deportation, thus, “breaking the family

up.”

Andy was experiencing physical and emotional trauma, which led to poor aca-
demic achievement, a now conflict-laden relationship with his siblings and mom,
and feelings of guilt. This is an example of the spiral that ensues when there is a
history of trauma in a child’s life. Trauma is not an isolated event; rather, there is
usually secondary associated trauma, and these events have a concrete effect in the
child’s behavior and academic outcomes. We will continue to refer to Andy’s story
as the chapter continues.

Early life stress can impact many domains of life. For Andy, the impact was evi-
dent in his relationships, his sleep habits, and his academics. Research indicates that
trauma is also correlated with suicidal ideation, anxiety, depression, and psychosis
(Bendall, Alvarez- Jimenez, Hulbert, McGorry, & Jackson, 2012; Lansford et al.,
2002; Thompson et al., 2012). The work at ELSPAP anchors on children’s experi-
ences of traumatic stress and how these lead to PTSD symptoms.

As classified by the American Psychological Association’s Diagnostic and
Statistical Manual of Mental Disorders-5, some of the criteria for PTSD in people
older than 6 years of age include “exposure to actual or threatened death, serious
injury, or sexual violence” (2013). Intrusion symptoms (e.g., distressing memories,
flashbacks) and avoidance of stimuli are also noted in association to the traumatic
event. One other criterion is negative changes in cognitions of the traumatic event
(e.g., inability to recall parts of the traumatic event).

There is a belief that children are resilient by virtue of being children; the notion
follows that somehow children are unaffected by stress. Research has not provided
data to support this view. In fact, studies show the younger you are, the more vulner-
able you can be (Thompson, 2014). Nonetheless, there are some children who may
be exposed to trauma and will not be diagnosed with PTSD. Our field refers to
undiagnosed children as “resilient,” even though we have not yet fully conceptual-
ized the term. People are currently categorized as resilient if they have not reached



74 O. Altamirano and V. G. Carrion

the threshold at which they show clinically diagnostic symptoms of functional
impairment. In other words, being classified as resilient does not mean that they are
unaffected; rather, they simply have not met diagnostic criteria.

Studies have published rates of PTSD among children who have experienced
traumatic events to be between 10 and 50%; these rates might be higher if we take
into account symptoms of PTSD (Cuffe et al., 1998). It is important to note that the
above percentages do not include children who may have undiagnosed PTSD. There
may be some families that are unable to observe the need for clinical care or cannot
afford it and thus never receive a diagnosis or help. Further, the above percentages
do not include children with large allostatic loads and elevated symptoms of PTSD
that have not yet reached diagnostic levels. It is imperative, nonetheless, to also
emphasize that children who do have subthreshold symptoms of PTSD often have
similar impairments and levels of distress in comparison to those who meet full
diagnostic criteria (Carrién, Weems, Ray, & Reiss, 2002).

As the trauma becomes more personal, such as physical, emotional, or sexual
abuse, the prevalence rate for PTSD can be higher; one example of this is a 57.5%
occurrence rate in one of our samples of children ages 5—17 (Kletter, Weems, &
Carrién, 2009). From this, we can infer that there is a genetic proclivity for some
individuals to be more vulnerable to the stress that very often accompanies trau-
matic experience. Essentially, we could all develop PTSD for certain events, such as
kidnapping or torture; hence genetic proclivity could be overpowered by environ-
mental experience. Some postulate that PTSD should not be considered a disorder
at all and instead suggest the term Posttraumatic Stress Injury. Most injuries will
progressively become worse if left untreated; for instance, a cut that is ignored may
become infected and more difficult to heal. PTSD feeds on avoidance; therefore, the
“approach” to it should be the answer.

6.1.2 Pediatric PTSD

The conceptualization of pediatric PTSD has been controversial. Currently, the
DSM-5 has separate criteria for diagnosis among people age 6 and older and chil-
dren younger than six. The cardinal feature of PTSD held in both distinctions is “...
the development of characteristic symptoms following exposure to one or more
traumatic events” (American Psychological Association, 2013, p. 274).

The data that we have gathered thus far shows that children do not necessarily
have to qualify for diagnostic criteria in order to experience functional impairment.
In other words, children can display functional impairment and remain undiagnosed
because they have not met all the criteria or because they have simply not received
mental health services. In order to quantify functional impairment, the field evalu-
ates three domains: performance in school, relationships, and a child’s own sense of
distress. If none of the aforementioned domains are affected, then we consider the
child not to have the disorder.
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Some of the limitations of PTSD rely on its behaviorally defined approach. A
movement has taken force in the past two decades to identify biological correlates
of PTSD. These biological markers will help us better identify PTSD in children,
provide more timely treatment, and help us create better interventions.

6.2 Goals for Pediatric PTSD Research

The Stanford Early Life Stress and Pediatric Anxiety Program’s main overarching
goal is to understand and address the effects of trauma on children. The following
section will elucidate our team’s goals in understanding pediatric trauma through
scientific research, creating informed and innovative treatment models, developing
predictors of treatment outcome, and helping advance clinical practice in this field.

6.2.1 Understanding the Pathogenesis of PTSD

Psychiatry and psychology have become more holistic in their perspective on early
childhood development. There seems to be a consensus that the nature versus nur-
ture debate is too dichotomous and that, in fact, both come together and shape the
development of a child. These two are so intertwined that it would be logical to
assume that diagnosis would inspect both innate and acquired symptoms. However,
this is not true of our criteria for PTSD diagnosis, which currently lacks biological
markers. Utilizing biological measures, in conjunction with already established
behavioral ones, can guide more accurate and prompt diagnosis and consequently
faster access to care.

6.2.2 Informing Treatments

One primary goal in conducting and learning from this research is to develop treat-
ments and entice others to investigate and further the field as well. It is our informed
opinion that treatment will likely be very specific to the experiences and behaviors
of the children and that different circumstances will require a different approach. In
other words, different types of trauma (e.g., interpersonal, natural event trauma) and
subcategories of symptoms (e.g., self-injurious, non-self-injurious, dissociation)
may be more responsive to one form of treatment than another. Therefore, it is vital
for the field to develop more treatments for specific subgroups of youth with PTSD
symptoms, a condition that is highly heterogeneous in its clinical presentation.
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6.2.3 Discovering Predictors of Treatment Qutcome

In addition to psychosocial and behavioral questionnaire assessments, we also focus
on the biology of early life stress. By using a multimethod approach, we can inves-
tigate correlates between different domains that would have otherwise gone unno-
ticed if we had employed only one medium for assessment. In other words, we can
learn about the associations among functional, anatomical, and biological measures,
rather than the limited correlations garnered through only functional data. The fol-
lowing sections will provide information on some of the domains we are investigat-
ing in an attempt to better identify treatment outcomes.

6.2.3.1 Examining Cortisol

Sapolsky, Krey, and McEwen’s (1986) work demonstrated that corticosterone, the
stress hormone in rodents, can be neurotoxic to neural cells when at high levels. The
investigators studied lab rats under stressors of, for example, exposure to cold. They
found that younger rats were able to return their corticosterone levels to basal range
within an hour after a stressor. Older rats that were under more chronic stress, on the
other hand, showed an impaired ability to terminate the biological stress response,
sometimes taking up to 24 h to return to normal levels. Moreover, the authors stated
that cumulative exposure to stressors led to a deterioration of neurons and receptors
located in the hippocampus of the rats. Further, they noted that chronic stressors, but
not age necessarily, accelerate the neurodegenerative process. In sum, they observed
that multiple stressors and stressors present for long periods of time reduced the
number of neurons in the hippocampi of the laboratory rodents.

In response to those findings, we have examined cortisol developmentally in
humans. Cortisol, known as a stress hormone in humans, is a window to the physiol-
ogy of stress. Stress can be healthy; it can motivate us to meet deadlines and reach
goals. However, while moderate levels of stress can be easily managed and chan-
neled productively, the human body has its limits. Consider a young child who is
constantly producing cortisol because he or she is constantly exposed to stressors.
Although cortisol was necessary at one point, it may remain elevated even after the
stressor is removed. If the neurodegenerative processes observed in rodents are
similar for humans under multiple and chronic stress, this could have a severe
impact on the developing child. Therefore, the consequences of dysregulated corti-
sol in human children must be investigated.

Our data published in 2009 shows a couple of differences between salivary cor-
tisol in groups of children who reported interpersonal trauma and experienced
PTSD symptoms and children without reported exposure to trauma (Weems &
Carrién, 2009). When comparing the cortisol levels of children with PTSD symp-
toms to those without, we found that the decline from pre-breakfast collection to
pre-lunch collection was steeper. Also, while the cortisol levels of the control group
(those without reported trauma) decreased between pre-dinner and pre-bedtime, the
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levels of the children in the PTSD symptom group decreased significantly less. In
other words, while the healthy control group experienced a decline in cortisol levels
towards bedtime, the groups with PTSD symptoms showed a significantly higher
pre-bedtime cortisol level.

It is interesting to consider some possibilities regarding children’s difficulties at
night time: they experience nightmares, fear of the dark, and enuresis (involuntary
urination). Sleeping should be a time when people are relieved of their everyday
responsibilities, a time to relax and recuperate, a time to become completely safe
within one’s environment. According to our data, however, children with pediatric
posttraumatic stress symptoms demonstrate both behavioral nighttime difficulties
and altered hormonal physiology.

We conceptualized PTSD as a developmental disorder and were inclined to study
this biologically. First, by defining PTSD as a “developmental disorder” we are sug-
gesting that this is a disorder in which time since the trauma, and time since the
symptoms started, is taken into account. How long does a stressor have to insult the
body until it affects it? PTSD is not something that remains static; it changes. It can
be ameliorated through treatment or worsened through avoidance. Consider a
10-year-old child who has been living with undiagnosed PTSD since age 5, and a
35-year-old who has recently experienced trauma. Although younger, the child will
present a more chronic physiological picture.

In 2007, we conducted a study aimed at identifying the role that time plays in
PTSD (Weems & Carrion). We assessed the cortisol levels for children in one of two
groups: one consisting of children who had experienced trauma within the last year,
and a second consisting of children whose trauma experience had occurred over one
year ago. As in our previous studies, cortisol was elevated for those children who
had PTSD symptoms, but only for those who had experienced the recent events.
Conversely, when the event was more distal, we observed lower levels of pre-
bedtime cortisol. This may reflect autoregulation of the axis responsible for cortisol
secretion, or decreased sensitivity for the regulating system. There is a concern that
high levels of cortisol may be neurotoxic to sensitive areas of the brain that have
glucocorticoid receptors (receptors that bind to cortisol), such as the hippocampus
and the prefrontal cortex (PFC). Both structures are involved in functions that
become dysregulated in PTSD: namely, memory and executive function. The hip-
pocampus, for example, a structure within the medial temporal lobe, is involved in
our memory encoding and retrieval (Squire & Zola-Morgan, 1991).

6.2.3.2 Examining Brain Structure and Function Via Magnetic
Resonance Imaging (MRI)

High-resolution imaging allows us to accurately determine volumetric measure-
ments of the brain and does not require radiation or contrast, making this a safe
method to use with children. Data published by Shimamura (2000) has shown that
irregularities of the PFC can prompt obstacles to attention, memory, and emotion
regulation.
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In 2007 we examined, in a longitudinal pilot study, the correlations between pre-
bedtime cortisol levels and hippocampal volumes (Carrién, Weems, Reiss). Cross-
sectional studies had not demonstrated any hippocampal changes. Believing the
process of neurotoxicity to be pernicious, we followed children with PTSD symp-
toms for a year and a half to examine a potential association between pre-bedtime
cortisol levels and hippocampal volumes. We observed that between baseline and
the 12-month and 18-month follow-ups, a hippocampal decrease was predicted by
a stronger severity of PTSD symptoms and higher pre-bedtime cortisol levels
(Carrién, Weems, & Reiss, 2007). This was the first published study to show cor-
relations between cortisol, a biological marker, and hippocampal changes in a group
with posttraumatic stress symptoms.

We followed this study with a controlled fMRI study examining hippocampal
function with a memory task. The healthy control group demonstrated significantly
more hippocampal activity during the memory task (Carrién, Haas, Garret, Song, &
Reiss, 2010). Participants were trained on a verbal declarative memory task and
were instructed to identify words that had been presented previously from a group
of old and new words. We observed increased activity of the hippocampus in the
control group compared to the group with posttraumatic stress symptoms.

In 2010, we investigated brain tissue and cerebral gray matter, by means of MRI,
in a sample of 30 youth who had experienced trauma and 15 youth who did not
report trauma (Carrién, Weems, Richert, Hoffman, & Reiss). We observed the PTSD
symptom group to have a significantly smaller amount of brain tissue and cerebral
gray matter in the PFC than the group without reported trauma. This suggests that
children with PTSD symptoms experience concrete differences in brain anatomy:
they have less brain tissue and less gray matter. We also analyzed cortisol levels col-
lected from both of the aforementioned groups. A significantly negative correlation
was found between pre-bedtime cortisol levels and the left ventral PFC volumes.
Specifically, those children that had the highest levels of cortisol at night also had a
lower volume of gray matter on the ventral PFC.

We followed the PFC findings with an fMRI study utilizing an executive function
task, the Go/No-Go (Carrién, Garret, Menon, Weems, & Reiss, 2008). Imagine a
black screen with letters appearing in the middle, one at a time. The participant’s
task is to press a mouse with his pointer finger every time he sees a letter and not to
press when the letter “X” appears. Initially, we had hypothesized for this study that
the children with PTSD might be more impulsive than the group without PTSD
symptoms, which was age and gender matched. The data showed instead that both
groups performed similarly behaviorally; in other words, they were pressing at
about the same rates. This observation allows us to safely conclude that the differ-
ences that we observed were neurofunctional differences not associated with their
behavioral performance; instead, the resulting differences can be attributed to neu-
rofunctional correlates of executive function.

The results show that the participants in the control group, healthy children with
no history of trauma, and the group with PTSD symptoms are appropriately activat-
ing areas such as the superior, middle, and inferior parts of the frontal cortex
(Carrion et al., 2008). The control group was, however, activating the medial frontal
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cortex significantly more than the PTSD group. A reverse analysis of the data
showed the group with PTSD symptoms activated the medial PFC; interestingly,
this area is not meant to be activated by this “Go/No-Go” task. The primary role of
the medial PCF is to manage and process emotional information. Additional analy-
sis showed that this activation was related to comorbidity and the presence of anxi-
ety, an interesting area for future research.

In order to address heterogeneity in PTSD, we split the PTSD participants into
two groups: those with a history of self-injurious behaviors and those with no such
history (Carrién et al., 2008). The data from the Go/No-Go task showed that the
group of participants who engaged in self-injurious behaviors had significantly
increased activity in the insula compared to the group who did not engage in these
behaviors. In fact, there was a very strong and direct correlation between the total
task score, PTSD symptoms, and activation of the insula. The insula is a cortical
region in the temporal lobe that is involved in processing somatic (i.e., sensory)
information; it receives input and helps deliver information to different parts of the
body. These results suggest a neurofunctional marker for deficits in executive func-
tion in the PTSD group in the middle frontal lobe and increased involvement of the
temporal lobe with increased PTSD symptoms.

Thus far, we have reviewed two tasks examining cognitive function: executive
function and memory. We later conducted an emotion task during which 46 partici-
pants viewed emotionally expressive faces and were asked to press buttons that
were indicative of the sex portrayed by the face (Garret et al., 2012). We observed
an early activation of the amygdala when the PTSD symptom participants were
presented with angry faces, while the same activation was not observed in the con-
trol group. This was an interesting finding in that it was contrary to the initial
hypothesis. We had originally postulated that we were going to see activation of the
amygdala when we presented fearful faces, not angry ones. In examining the rela-
tionship, we noted that our PTSD symptom participants had a history of interper-
sonal violence and physical abuse at home. Thus, their cue was not seeing fearful
faces; their cue was actually being approached by someone who appeared angry.
According to this study, heightened amygdala activity could be a neurofunctional
marker for hyperarousability. By considering the environments these children often
live in, we can attempt to explain this hyperarousability. These children live in
places where it is important for them to be able to properly and quickly rate the
safety or danger of their environment. Given this context, hyperarousability can be
adaptive. The issue arises when children are not able to come down from this hyper-
aroused state into a more relaxed one; they are constantly and relentlessly expecting
danger. These children lack the cognitive flexibility to know when this skill is neces-
sary and when it is not. For example, if one of these participants is in a classroom
that becomes very loud, this can be a reminder of the level of noise experienced at
home if there is domestic violence. If this is the case, the child might be tempted to
run out of the classroom if escaping this type of situation at home has proven helpful
before. Unfortunately, it is likely that this student will be incorrectly labeled as a
“behavior problem” and that his or her situation will not be considered in context of
the child’s experience.
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6.3 Cue-Centered Therapy (CCT)

The above observations that trauma can have a negative effect on cognitive, emo-
tional, physiological, and behavioral domains led us to develop a short-term
(15-session) individual form of treatment modality named Cue-Centered Therapy
(CCT) (Carridn, 2016). CCT is a hybrid form of treatment that successfully com-
bines elements of cognitive, behavioral, psychodynamic, expressive, and family
therapies (Carrién, Kletter, Weems, Berry, & Rettger, 2013). This particular treat-
ment was designed primarily for youth who have experienced traumatic events,
including the aforementioned man-made and natural disasters, physical and sexual
abuse, and exposure to violence, and who are concurrently and chronically facing
environmental adversity.

CCT builds the child’s empowerment through knowledge and active participa-
tion in the treatment. For example, after some training, he or she will choose the
cues that will anchor the therapy. Recognizing that families that experience chronic
adversity have difficulties engaging in ongoing treatment, CCT limits the caregiver
involvement requirement to four sessions in which caregiver and child are both able
to recognize, understand, and learn how to practice the objectives of the therapy at
home.

Anxiety and depression have been found to be of comorbidity as high as 80% in
people with PTSD (Pfefferbaum, 1997). A randomized controlled trial (RCT) pro-
vided data suggesting that CCT can lower symptoms of both disorders (Carrién
etal., 2013). Moreover, the RCT showed a decrease in PTSD symptoms when mea-
sured both by self-report and by caregivers (Carrion et al., 2013). In order to better
illustrate this model, we will consider Andy, the child we introduced in Sect. 6.1.1.

6.3.1 CCT and Cognition

With CCT, the child gains insight into his or her history and into how previous expo-
sures to traumatic events may be affecting present experiences, thus resulting in
maladaptive behaviors (Carrién et al., 2013). Children receiving this treatment are
introduced to the idea of allostatic load, which we discussed earlier in the chapter
(Sect. 6.1.1). With the help of a therapist, the children identify traumatic events and
use a timeline as a visual representation of these and other daily stressors. In build-
ing this timeline, a child is able to visualize a personal narration of events that had
a large impact on his or her life.

Through CCT, Andy learned the meaning of trauma, principles of classical con-
ditioning, and PTSD symptoms and was able to identify his own cues. Andy also
learned that it was normal for someone with trauma to have discordant feelings and
that it was completely understandable that he missed his father while simultane-
ously feeling safer now that his dad was not hitting him or the family. Even though
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he was initially resistant, Andy was able to implement the relaxation strategies that
he learned, which gave him a sense of control and a feeling of calmness.

Instead of trying to change Andy’s appraisal of the trauma, we attempted to bal-
ance his negative intrusive thoughts with information and perspectives gathered
about his strengths. On the other hand, we can try to change rigid cognitive distor-
tions. We use reframing and reattribution of these distortions by drawing from the
child’s own narratives about other events in which he or she acted in a way that is
not endorsed by the cognitive distortion.

Through CCT, we also teach the children emotion regulation skills. Cognitive
processing therapy has been adapted and used with children who experience trauma
(Silverman et al., 2008) and is designed to help them modify their appraisal of the
trauma, given the context of their ongoing lives (Cohen, Perel, De Bellis, Friedman,
& Putnam, 2002). We emphasized the need for children to be able to identify and
express their feelings. Many times, children will use very broad words to describe
their feelings, for example “I felt bad.” Instead of trying to elaborate for the child,
the CCT therapists’ role is to help the child elaborate on his or her own by asking
open-ended questions in order to avoid influencing responses.

6.3.2 CCT and Behavior

Part of CCT is modeled after behavioral exposure techniques. These have been
proven helpful in a variety of studies involving PTSD by lessening depressive
symptoms, disrupting the trigger association, and decreasing avoidance (Cohen,
Mannarino, Berliner, & Deblinger, 2000; Silva et al., 2003; Smith et al., 2013). In
CCT, we use a few different approaches to gradually expose the child to the cues:
imaginary exposure, in-session exposure, and an in-vivo exposure assignment.

After a few sessions, when the child has gained insight and has been able to
identify cues, we introduce imaginary exposure. By imagining the cue, the child is
able to abstain from the negative consequences that are typically catastrophized.
Instead, this imaginary exposure allows the child to mindfully witness his or her
responses to it, such as increased heart rate and sweating. This further allows the
child to recognize a disproportionate response to a given cue. For Andy, one cue was
the slamming of the car door. This sound was associated with aggression and
reminded him of many fights between his parents and of instances in which his
drunken father would physically assault him and his family. In imaginary exposure,
the therapist might instruct Andy to think about all the details of the car and to then
think of its door being slammed by his parent. The therapist would then proceed to
help Andy identify his body’s reaction to the imaginary sound.

Next, the child has an opportunity to experience cues while role playing situa-
tions with the therapist that may otherwise provoke stressful responses when expe-
rienced outside of the therapeutic session. Essentially, in-session exposure allows
the child to experience the cues and act out a scenario in a more direct way than
imaginary exposure, while also easing the way towards the more vivid trigger. This
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role play allows for the child to engage in some of the coping skills that he or she
has learned in CCT in a safe environment and provides a way to familiarize and
make the child feel comfortable with employing these skills. For Andy, this expo-
sure might entail slamming the door at the therapists’ office. He and the therapist
would then brainstorm coping techniques, such as relaxed breathing, in order to
alleviate his reaction.

Last, the child is able to use the skills learned thus far and incorporate the imagi-
nary and in-session cues to manage an increasingly more challenging in-vivo expo-
sure. This exposure is assigned to the children to be conducted at home. In-vivo
exposure allows the child to gain self-efficacy in order to successfully employ the
skills in future stressful situations, which are likely to continue after therapy ser-
vices have concluded. Once the assignment is complete, the therapist conducts a
session around that assignment. A dialogue is maintained with the child to learn
from the original response and generate even more adaptive responses to employ in
the future. Andy and his therapist might talk in this session about witnessing his
mother slam the door and how Andy reacted to it. For instance, it is possible that he
practiced relaxed breathing. The therapist would applaud Andy’s coping strategy
and further suggest that he also come up with a larger repertoire of responses in the
case that this single technique does not alleviate his feelings.

6.4 Treatment Outcome Research

Individual therapy is very helpful, and we are determined to make the skills prac-
ticed in individual therapy more accessible to large groups of children. We sought to
teach children these skills early so that if they experienced trauma, they would
already have the skills to avert trauma’s detrimental effects. In order to avoid stigma
and develop an accessible and affordable plan (Jaycox, Stein, & Amaya-Jackson,
2009), we decided that a school-based approach would be best suited for our tar-
geted population. Specifically, we aimed to disseminate programs that helped chil-
dren to cope with adversity by focusing on emotion regulation and executive
function.

6.4.1 The Health and Wellness Study

The purpose of the Health and Wellness Study Program is to intervene early and
increase coping methods. Earlier, in Sect. 6.2.3.2: Examining Brain Structure and
Function via MRI, we discussed regions of the brain that seem to be affected by
environmental stressors and trauma, including the prefrontal cortex. While these
areas are difficult to investigate and interpret, they seem to be some of the most plas-
tic regions. Therefore, we designed a curriculum that teaches children emotion regu-
lation skills and strengthens their executive functioning. In an effort to protect
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children from later stressors, we attempt to provide a supportive and understanding
environment that may reverse or hinder the effect of chronic stress. In order to
increase the accessibility and affordability of interventions to a diverse population,
we decided to implement this at a school level (Berger, Pat-Horenczyk, & Gelkopf,
2007).

We approached the Ravenswood City School District (RCSD) in East Palo Alto,
CA, an area that has historically been under-resourced and high in crime; it was at
one point the number-one murder capital in the United States (Warren, 1993). In
partnership with Pure Edge Incorporated, we developed a mindfulness and yoga
curriculum that RCSD students are now receiving two to three times a week, begin-
ning in kindergarten and lasting through eighth grade. Mindfulness can help chil-
dren strengthen their executive functioning skills by encouraging them to monitor
and sustain their concentration (Flook et al., 2010). Yoga adds on a physical compo-
nent and has also been shown to produce benefits for executive function tasks
(Manjunath & Telles, 2001). The curriculum comprises breathing exercises, posture
exercises, nutrition education, and coping skills.

6.4.1.1 Evaluating the Effectiveness of the Health and Wellness Study

Earlier, we stated the importance of a multimethod approach (Sect. 6.2.3); this is
our approach to the evaluation of the Health and Wellness Program. Our participants
allow us to collect a variety of assessments in this biopsychosocial study, including:
salivary cortisol samples; neuroimaging scans; polysomnography tests; behavioral,
emotional, intellectual functioning tests; and academic data. We are able to learn
about the children’s cortisol levels, brain anatomy and functioning, sleep quality,
behavioral characteristics, emotions, learning abilities, grades, and truancies, among
other things. In the analysis, we will be able to look at the relationships among all
of these domains.

Further, we are working with a nearby school district to act as a control (not
receiving the intervention), as it serves very similar students demographically,
socio-economically, and in terms of adversity. This partnership will allow us to
make between-group comparisons in the evaluation of this intervention when com-
pared to a control group. The goal of this information is to gather three-year longi-
tudinal data in order to make strong developmental correlations.

6.5 Policy

While conducting and publishing studies has been productive, we feel that a neces-
sary second step of translation is disseminating evidence-based interventions. Our
research should impact clinical practice but should also inform policy.
Bronfenbrenner’s ecological system model provides an outline for the influences
during children’s development (1977). He defines the microsystem as being
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composed of activities associated with the innermost circle of the child’s life,
including the parents, school, and friends. He then goes on to explain the next outer
layer, the mesosystem, which he describes as being composed of the relationships
between the entities in the child’s microsystem, e.g., the relationship between the
parent and the child’s teacher. We want to impact more than just those two systems;
we also want to impact the exosystem. Bronfenbrenner describes the exosystem as
consisting of the social institutions that have indirect effects on children (1977). In
order to have an impact at that level, we are participating in two programs that are
aimed at integrating primary and mental health: The Center for Youth Wellness and
Ravenswood Family Health Center.

6.5.1 Center for Youth Wellness

In 2007, we began a multidisciplinary partnership with other individuals and institu-
tions with the aim to provide innovative, trauma-informed care to people in the
community experiencing chronic stress and trauma. Five years later, in 2012, we
founded the Center for Youth Wellness in the community of Bayview Hunter’s Point
in southeast San Francisco, CA (Walker & Carrién, 2015). This community has
experienced high rates of trauma and adversity, including economic difficulties,
community violence, institutionalized racism, and environmental toxins, to name a
few (Katz, 2006). In order to address these needs, we at Stanford Early Life Stress
and Pediatric Anxiety Program partnered with multiple organizations including the
Tipping Point Community, the University of California, San Francisco’s Child
Trauma Research Program, the San Francisco Child Abuse Prevention Center’s
Children’s Advocacy Center, and Bayview Health Center. We also sought to include
people living in the community by forming a community advisory council that was
open not only to direct participants but also to neighborhood residents (Walker &
Carridn, 2015).

At the Center for Youth Wellness, patients will find two organizations in one
building: Bayview Child Health Center and the Children’s Advocacy Center. When
families come in for primary care—for example, a pediatric checkup at the Bayview
Child Health Center—the CYW screens the children for Adverse Childhood
Experiences (ACEs). Briefly, the ACE study was conducted by the Kaiser Foundation
and assessed the presence of categories including physical and emotional abuse and
neglect, sexual abuse, and traumas involving the person’s direct inner circle (Felitti
etal., 1998). The researchers found that as the amount of endorsed ACEs increased,
so did the risk for chronic disease in adulthood. Patients can also receive mental
health services and therapy, including CCT.
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6.5.2 Ravenswood Family Health Center

In 2008, Ravenswood Family Health Center (RFHC) created Integrated Behavioral
Health Services (IBHS), novel in part for placing fellows and clinicians of child and
adolescent psychiatry in the community (Aguirre & Carrién, 2012). Data gathered
the year prior to the aforementioned publication showed that RFHC patients con-
sisted of 40% aged less than 18, 73% Latino, and 90% living under the federal
poverty line (Aguirre & Carrién, 2012).

IBHS aims to help youth who are experiencing or are at risk for behavioral chal-
lenges by providing brief psychosocial services, typically between one and five ses-
sions, in an effort to help as many patients as possible (Aguirre & Carrién, 2012).
Moreover, this model strives to implement early intervention, to engage pediatri-
cians and behavioral health workers, and to provide effective and brief treatment.
Referrals from pediatricians are made to IBHS when the identifying issues are pres-
ent as developmental barriers that can be briefly treated. In other words, if the case
merits longer-term and more involved therapy, referrals will be made outside of the
clinic. Examples of the kinds of issues treated at this facility range from children
presenting behavioral issues at school to youth who have experienced domestic vio-
lence. The data we collected showed that pediatricians are highly satisfied with the
availability and quality of the services provided by IBHS and that they consider the
services provided as critical.

6.6 Summary

PTSD can be harmful to a developing child because it affects many domains of life
including interpersonal relationships and academics. Research also shows that the
effects of trauma on children can have concrete anatomical and biological conse-
quences (Carrién et al., 2007; Weems & Carrién, 2009). For these reasons, it is
imperative to intervene early and to teach children the skills they will need if they
are faced with trauma.

We want to work collaboratively to empower children and equip them to be their
own agents of change. It is vital that they feel empowered to exert control over their
responses to stress, and we hope to be creating a pathway in that direction. By dis-
seminating treatments informed by research, we hope to give young children the
resources they need for successful lives.
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Chapter 7

Epigenetics and Early Life Adversity:
Current Evidence and Considerations
for Epigenetic Studies in the Context
of Child Maltreatment

Andrée-Anne Bouvette-Turcot, Michael J. Meaney, and Kieran J. O’Donnell

Profound developmental origins exist for individual differences in mental health
that extend over the lifespan. Studies of institutionalization (McGoron et al., 2012;
McLaughlin et al., 2013; Nelson et al., 2007; Rutter, Kumsta, Schlotz, & Sonuga-
Barke, 2012) and childhood abuse (Nanni, Uher, & Danese, 2012; Trickett, Noll, &
Putnam, 2011; Widom, DuMont, & Czaja, 2007) reflect the profound influence of
the early social environment on development and mental health. Importantly, child
maltreatment not only predicts the risk for multiple mental disorders, but at least in
the case of depression, also the severity and treatment response (Nanni et al., 2012).

An obvious question concerns the mechanism by which the effects of the early
environment become embedded in the molecular machinery that then regulates
genomic function. In this chapter, we examine the evidence for the environmental
epigenetics hypothesis, which proposes that the sustained effects of environmental
conditions on gene expression are mediated by epigenetics mechanisms. We also
discuss the current status of translational research that examines the role of epi-
genetics in the context of studies of child development. Additionally, we evaluate
the clinical relevance of epigenetics for child/adolescent mental health and high-
light considerations for future studies, which seek to incorporate epigenetic mea-
sures in studies with maltreated youth.
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7.1 Epigenetics

When we think of genomic influences, we most commonly imagine effects associ-
ated with variations in nucleotide sequence such as single nucleotide polymor-
phisms (SNPs). Yet such variations are only one form of information contained
within the genome. Despite the reverence afforded DNA, a gene is basically like any
other molecule in the cell; it is subject to modifications that change both its structure
and function. Epigenetics, stemming from the Greek “epi” meaning “upon” and
“genetics,” refers to a series of chemical modifications to DNA and/or the proteins
DNA is wrapped around, collectively referred to as chromatin.

For reasons of graphic simplicity, we often describe the organization of a gene or
the interactions between DNA and proteins that regulate gene expression (transcrip-
tion factors) as if the DNA were a linear molecule to which transcription factors
gain unimpeded access. The reality of protein-DNA interactions is very different.
DNA is commonly organized in a form that resembles beads lying along a string.
The beads are nucleosomes, which consist of ~146 base pairs of DNA wrapped
around a core of histone proteins (Turner, 2001). The histones and DNA together
are referred to as chromatin; the nucleosome is one unit of chromatin.

Under normal conditions, a tight physical relation exists between the histone
proteins and their accompanying DNA, resulting in a closed nucleosome configura-
tion. This restrictive configuration is maintained, in part, by electrostatic bonds
between the positively charged histones and the negatively charged DNA. The
closed configuration impedes transcription factor binding and is associated with a
reduced level of gene expression. Epigenetic modifications essentially favor either
a closed or open state of chromatin. The functional significance of such modifica-
tions lies in the degree to which chromatin structure gates the ability of transcription
factors to bind to DNA and activate transcription, which leads to gene expression. A
closed nucleosome disfavors transcription factor binding and associates with tran-
scriptional silencing. An increase in transcription factor binding to DNA, and the
subsequent activation of gene expression, commonly requires chemical modifica-
tion of the chromatin that occurs on the histone proteins. These modifications alter
chromatin in a manner that either increases or decreases the ability of transcription
factors to access regulatory sites on the DNA that control gene transcription.

The dynamic alteration of chromatin structure is achieved in part through cova-
lent modifications to the histone proteins at the amino acids that form the histone
protein tails that extend out from the nucleosome. There are several examples of
such modifications, including but not limited to acetylation, phosphorylation, meth-
ylation, and ubiquitylation (see Maze, Noh, & Allis, 2013). In addition to these
chemical modifications, histone proteins at the center of a nucleosome have multi-
ple subtypes (e.g., H2A, H2B, and H3 variants), which influence the structure and
function of surrounding DNA (Skene & Henikoff, 2013).
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7.1.1 DNA Methylation

Another level of regulation occurs not on the histone proteins but directly on the
DNA. Indeed, the classic epigenetic alteration is that of DNA methylation, which
involves the addition of a methyl group (CH;) onto cytosines predominately bound
to guanines (CpGs) in the DNA (Bird, 1986; Holliday, 1989; Razin & Riggs, 1980;
Razin & Cedar, 1993). DNA methylation can also occur on cytosines followed by a
non-guanine base, which is referred to as non-CG or CpH methylation. Non-CG
methylation is especially abundant in pluripotent stem cells and within the brain
(Lister et al., 2013); however, the relevance of non-CG methylation for child neuro-
development is yet to be established.

DNA methylation in the promoter region of a gene is typically associated with
transcriptional repression, although the relationship between DNA methylation and
transcription is context-dependent. For example, DNA methylation outside of the
gene promoter, such as in the gene body, can be positively associated with gene
expression (Maunakea et al., 2010; Shenker & Flanagan, 2012). The repressive
effect of DNA methylation on gene transcription appears to be mediated in one of
two ways (Bird, 2002). First, wide swaths of densely methylated DNA preclude
transcription factor binding to DNA sites, thus silencing gene expression. The sec-
ond manner is subtler and probably far more prevalent in regions with more dynamic
variations in gene transcription, such as the brain. In this case, selected cytosines are
methylated, and the presence of the methyl group attracts a class of proteins known
as methylated-DNA binding proteins (Klose & Bird, 2006). These proteins, in turn,
attract an entire cluster of proteins that form a repressor complex, which includes
active mediators of gene silencing.

DNA demethylation associates with a return to an open, euchromatin state,
which occurs subsequent to specific histone modifications (Weaver et al., 2007).
Candidate mechanisms that control DNA demethylation have recently been
described, including the putative DNA demethylase Growth Arrest and DNA
Damage 45 Beta (GADD45B), as well as oxidation of methylated cytosines to
5-hydroxymethylcytosine (ShmC) followed by nucleotide excision (Hackett et al.,
2013; Ma et al., 2009). In addition to its role in DNA demethylation, ShmC is a
putative epigenetic modification with the potential to regulate gene transcription
(Branco, Ficz, & Reik, 2012; Mellén, Ayata, Dewell, Kriaucionis, & Heintz, 2012).
This novel epigenetic modification may also be of relevance for child neurodevelop-
ment given its enrichment in the brain (Jin, Wu, Li, & Pfeifer, 2011; Kriaucionis &
Heintz, 2009), association with synaptic genes and dynamic regulation in early
development (Ruzov et al., 2011; Szulwach et al., 2011), and emerging evidence of
associations with psychosis (Gavin et al., 2012) and dementia (Chouliaras et al.,
2013).

Collectively, these modifications alter the structure and chemical properties of
the DNA and thus gene expression. As such, modifications to the DNA and its chro-
matin environment can be considered as an additional layer of information that is
contained within the genome. Furthermore, unlike the underlying DNA sequence,
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which remains static across development, epigenetic modifications are dynamically
regulated and responsive to changes in the environment. This is illustrated using the
example of DNA methylation; however, it should be noted that chromatin modifica-
tions and histone variants (Thambirajah et al., unpublished observations) show
similar dynamism across development.

7.2 DNA Methylation in Development

Until very recently, it was thought that DNA methylation patterns on the genome
were overlaid only during early periods in embryonic development. Indeed, DNA
methylation is considered a fundamental feature of cell differentiation. It is impor-
tant to consider a simple feature of cell biology: all cells in the body generally share
the same DNA. Thus the processes of cell specialization, whereby liver cells spe-
cialize in functions related to energy metabolism and brain cells establish the capac-
ity for learning and memory, involves silencing certain regions of the genome in a
manner that is specific for each cell type. Genes associated with gluconeogenesis
are silenced in brain cells but remain active in liver cells. Such processes define the
function of the cell type (e.g., Fan et al., 2005). DNA methylation is considered a
mechanism for the genomic silencing that underlies the cell specialization of the
300 or more different cell types in the human body. Such events occur early in
development and are considered to be highly stable, such that de-differentiation
(whereby a cell loses its specialization) is rare and is often associated with organ
dysfunction and pathologies such as cancer (Hansen et al., 2011; Irizarry et al.,
2009).

7.2.1 Maternal Regulation of Stress Reactivity in the Offspring

Epigenetic modifications, such as DNA methylation, are ideal candidates to explain
the lasting influence of maternal effects on offspring development. Such epigenetic
modifications provide a relatively static genome with the capacity to respond to
environmental challenges. Some of the first epigenetic studies to show an effect of
the early environment focus on variations in maternal behavior in rats in the absence
of any experimental manipulations (i.e., naturally occurring variations in mother—
pup interactions). Variations of maternal care in rats are studied with simple, albeit
time-consuming observations of animals in their home cages (Champagne, 2008;
Champagne, Francis, Mar, & Meaney, 2003). One behavior, pup licking/grooming
(LG), emerges as highly variable across mothers. Dams for which the frequency of
pup LG over the first week after delivery is 1 SD > than the mean for the breeding
cohort are designated as “high LG” mothers. Those for which the frequency of pup
LG lies 1 SD < the mean are considered as “low LG” mothers. Such variations in
the frequency of pup LG are highly stable across individual litters.
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Pup LG is a major source of tactile stimulation for the neonatal rat, which regu-
lates endocrine and cardiovascular function in the pup (Levine, 1994; Schanberg,
Evoniuk, & Kuhn, 1984). The tactile stimulation derived from pup LG increases
levels of growth hormone and decreases that of adrenal glucocorticoids. In line with
this, the male or female adult offspring of High LG mothers show more modest
behavioral and endocrine responses to stress compared to animals reared by Low
LG mothers (Caldji et al., 1998; Francis, Diorio, Liu, & Meaney, 1999; Liu et al.,
1997; Menard, Champagne, & Meaney, 2004; Toki et al., 2007; Weaver et al., 2004).
Specifically, the offspring of High LG mothers show reduced fearfulness and more
modest hypothalamic-pituitary-adrenal (HPA) responses to acute stress. Cross-
fostering studies, in which pups born to High LG mothers are fostered at birth to
Low LG mothers (and vice versa), reveal a direct relationship between maternal
care and the postnatal development of individual differences in behavioral and HPA
responses to stress (Caldji, Diorio, & Meaney, 2003; Caldji, Francis, Sharma,
Plotsky, & Meaney, 2000; Francis et al., 1999; Weaver et al., 2004). In these studies,
the rearing mother determined the phenotype of the offspring. Thus, variations
within a normal range of parental care can dramatically alter phenotypic develop-
ment in the rat.

The differences in the HPA response to stress in the offspring of High and Low
LG mothers are mediated by a maternal effect on the expression of the glucocorti-
coid receptor gene (Nr3cl) in the hippocampus (Liu et al., 1997; Weaver et al.,
2004, 2007). The glucocorticoid receptor is a ligand-gated nuclear receptor, which
when bound by glucocorticoids is activated and translocated to the cell nucleus
where it functions as a transcription factor that regulates gene expression.
Glucocorticoid receptor activation in the hippocampus associates with the activa-
tion of a negative-feedback signal that regulates corticotropin-releasing factor
(CRF) expression in the hypothalamus. Since CRF serves to activate the pituitary-
adrenal stress response, negative-feedback regulation serves to moderate the magni-
tude of the stress response. The offspring of High, compared with Low, LG mothers
show increased hippocampal glucocorticoid receptor expression, more efficient
negative-feedback regulation of CRF, reduced hypothalamic CRF expression, and
more modest HPA responses to stress.

The critical feature of the maternal effects described above is persistence. The
differences in the frequency of pup LG between High and Low LG mothers are
limited to the first week of postnatal life. And yet the differences in gene expression
and neural function are apparent well into adulthood. These findings raise the obvi-
ous question of how an essentially social interaction stably alters the expression of
the genes that regulate that activity of neural systems that mediate endocrine and
behavioral responses to stress. To address this question, we focused on the sustained
effect of maternal care on glucocorticoid receptor gene transcription in the hippo-
campus as a model system for the environmental programming of gene expression.
We hypothesized that maternal licking might activate intracellular signals that
would lead to a stable epigenetic state on the region of the genome that regulates
glucocorticoid receptor expression, thus serving to sustain the “maternal effect” on
glucocorticoid receptor expression.
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The focus of the epigenetic studies with the rodent studies of maternal care is the
nerve growth factor-induced protein A (NGFI-A) consensus sequence in the exon 1,
promoter, which activates glucocorticoid receptor expression in hippocampal neu-
rons. The tactile stimulation associated with pup LG increases serotonin (5-HT)
activity in the hippocampus. In vitro studies with cultured hippocampal neurons
show that 5-HT acts on 5-HT7 receptors to initiate a series of intracellular signals
that culminate with an increase in the expression of NGFI-A and CREB-binding
protein. Comparable effects occur in vivo. Manipulations that increase pup LG by
lactating rats result in an increased level of cAMP as well as NGFI-A (Meaney
et al., 2000). Pups reared by High LG mothers show increased NGFI-A expression
in hippocampal neurons as well as an increased binding of NGFI-A to the exon 1,
promoter sequence (Hellstrom, Dhir, Diorio, & Meaney, 2012; Weaver et al., 2007).
Moreover, the binding of NGFI-A to the exon 1, promoter sequence is actively
regulated by mother—pup interactions, such that there is increased NGFI-A bound to
the exon 1; promoter immediately following a nursing bout but not at a period that
follows 25 minutes without mother—pup contact (Hellstrom et al., 2012).

These findings reflect what is referred to as de novo DNA methylation, whereby
a methyl group is applied to previously unmethylated sites. However, between the
day following birth and the end of the first week of life, the 5° CpG is “demethyl-
ated” in pups reared by High but not Low LG mothers. This difference then persists
into adulthood. Importantly, the period over which the demethylation occurs falls
precisely within that time when High and Low LG mothers differ in the frequency
of pup LG; the difference in pup LG between High and Low LG mothers is not
apparent in the second week of postnatal life (Caldji et al., 1998; Champagne, 2008;
Champagne et al., 2003).

These findings suggest that maternal licking of pups increases NGFI-A levels in
the hippocampal neurons of the offspring, thus altering DNA methylation of the 5’
CpG. But there is a complication. If DNA methylation blocks transcription factor
binding and the 5° CpG site of the exon 1; promoter is heavily methylated in neo-
nates, then how might maternally activated NGFI-A bind to and remodel the exon
1, region? The answer to these questions appears to involve other transcriptional
signals that are affected by maternal care. Levels of the transcription factor specific
protein-1 (SP-1) and the CREB-binding protein are also increased in the hippocam-
pus of pups reared by High LG mothers (Hellstrom et al., 2012; Weaver et al., 2007).
The exon 1, promoter contains a DNA sequence that binds SP-1, and this region
overlaps with that for NGFI-A. SP-1 can actively target both methylation and
demethylation of CpG sites (Brandeis et al., 1994; Macleod, Charlton, Mullins, &
Bird, 1994). The 5°CpG site is the region of overlap in the binding sites. The CREB-
binding protein, on the other hand, acts as a histone acetyltransferase, an enzyme
capable of acetylating histone tails, including the exon 1; region, opening chromatin
and permitting the binding of transcription factors such as NGFI-A and SP-1.
Increasing histone acetylation can lead to transcription factor binding at previously
methylated sites and the subsequent demethylation of these regions (Fan et al.,
2005; Szyf, Weaver, Champagne, Diorio, & Meaney, 2005). Thus we suggest that
the binding of this complex of proteins including NGFI-A, the CREB-binding
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protein, and SP-1 is critical in activating the process of demethylation. The results
to date are certainly consistent with this model.

The findings discussed above suggest that maternally induced increases in hip-
pocampal NGFI-A levels can initiate the remodeling of DNA methylation at the
regions of the DNA that regulate glucocorticoid receptor expression. The NGFI-A
transcription factor binds to multiple sites across the genome. If NGFI-A related
complexes target demethylation, then one might assume that other NGFI-A sensi-
tive regions should show a maternal effect on DNA methylation and gene expres-
sion comparable to that observed with the glucocorticoid receptor. Zhang et al.
(2010) showed that the hippocampal expression of the GADI gene that encodes for
glutamic acid decarboxylase, an enzyme in the production of the neurotransmitter
GABA, is increased in the adult offspring of High LG mothers. This effect is associ-
ated with altered DNA methylation of an NGFI-A response element in a manner
comparable to that for the glucocorticoid receptor gene. These studies highlight
perhaps the most likely candidate mechanism to explain environmental regulation
of the epigenome, i.e., via transcriptional factor-mediated remodeling of DNA
methylation. It should be noted that steroid receptors such the glucocorticoid, estro-
gen, progesterone, and estrogen receptors have the capacity to bind DNA and thus
influence variation in DNA methylation.

In summary, the maternally induced changes in specific intracellular signals in
hippocampal neurons can physically remodel the epigenome. The increased binding
of NGFI-A that derives from pup LG appears critical for the demethylation of the
exon 1, promoter. We suggest that this process involves accompanying increases in
SP-1 and the CREB-binding protein and that the combination of these factors results
in the active demethylation of the exon 1, promoter, a model with support from
recent studies in embryonic stem cells (Lienert et al., 2011). The events described to
date represent a model by which the biological pathways activated by a social event
may become imprinted onto the genome. This imprint is then physically apparent in
the adult genome, resulting in stable alterations (or programming) of gene expres-
sion. Similar findings have now been reported for other models of early life stress in
rodents (Mueller & Bale, 2008; Murgatroyd et al., 2009) and non-human primates
(Provencal et al., 2012) demonstrating lasting maternal effects on the epigenome
and associated neurobehavioral phenotype of her offspring. The evidence for simi-
lar processes in humans is discussed below.

7.3 Clinical Studies of the Early Environment and DNA
Methylation

A critical question is whether adversity experienced early in development in humans
is linked to the stable epigenetic regulation of gene expression, as in rodents.
Translational studies using human postmortem brain samples have begun to address
this question. Approximately a third of individuals who die by suicide have histories
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of childhood adversity, including childhood sexual and physical abuse, as well as
parental neglect. Labonté et al. (2012) and McGowan et al. (2009) showed decreased
hippocampal GR expression in samples from suicide completers with histories of
childhood maltreatment compared with controls (sudden, involuntary fatalities).
Psychological autopsies (forensic interviews with family members) have been used
to establish the developmental history and mental health status of suicide com-
pleters (Dumais et al., 2005; Zouk, Tousignant, Seguin, Lesage, & Turecki, 2006).
McGowan et al. (2009) found no association between a history of mood disorders
or substance use and hippocampal GR expression. Rather, decreased hippocampal
GR expression was associated with a history of childhood maltreatment. In fact,
there were no differences in hippocampal GR expression in samples from suicides
negative for a history of childhood maltreatment. Instead, the differences in hippo-
campal GR expression were unique to suicide completers with a history of child-
hood maltreatment.

Splice variant analysis, comparable to that performed in rats, revealed decreased
expression of non-coding exons 1, l¢, g and 1y in suicides with a history of child-
hood maltreatment compared with both controls and suicides without a history of
maltreatment. These expression differences correlated with differential DNA meth-
ylation patterns between groups in the corresponding exon 1 variant promoters. The
exon 1 sequence is of particular interest as it is the homolog of the rat exon 15, is
highly expressed in brain, and contains an NGFI-A response element (McGowan
et al.,, 2009; Turner & Muller, 2005). Moreover, the exon lr sequence shows
increased DNA methylation and decreased NGFI-A binding in samples from sui-
cide completers with a history of maltreatment. These findings bear considerable
similarity to the maternal effect in rats and are suggestive of early-environment
regulation of the neural epigenome in humans. Studies in independent human sam-
ples investigating the effects of early-environmental adversity on exon 1z methyla-
tion reported consistent results (Radtke et al., 2011; Tyrka, Price, Marsit, Walters, &
Carpenter, 2012 and see below), with a recent systematic review concluding that
89% of human studies and 70% of animal studies were directionally consistent with
early adversity predicting increased DNA methylation of the glucocorticoid recep-
tor (Turecki & Meaney, 2014).

The English and Romanian Adoptees (ERA) study (Rutter et al., 2012; Sonuga-
Barke et al., 2017) and the Bucharest Early Intervention Project (BEIP) highlight
the profound influence of the early care environment on child neurodevelopment
and vulnerability for mental disorders (McGoron et al., 2012; Nelson et al., 2007,
O’Connor, Rutter, Beckett, Keaveney, & Kreppner, 2000; Rutter et al., 2012;
Sheridan, Fox, Zeanah, McLaughlin, & Nelson, 2012). Such cohorts are fertile
ground for epigenetic studies. Kumsta et al. (2016) find some evidence to suggest
early institutionalization influences variation in the DNA methylome. The authors
identify a differentially methylation region (DMR) in CYP2E! in adolescents
(15 years of age) with a history of extended institutionalization (>6 months; n = 16)
relative to individuals who were institutionalized for <6 months. DNA methylation
of this region is also associated with aspects of IQ and social cognition (Kumsta
et al., 2016). Conversely, Non et al. (2016) adopt a more targeted approach and
report associations between history of institutionalization and DNA methylation of
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SLC6A4 and FKBPS5 in adolescents from the BEIP (n = 117; n = 82 ever institution-
alized and n = 35 never institutionalized). Findings from Grigorenko and colleagues
indicate that such children deprived of parental care show distinct epigenetic
changes at least into adolescence (Naumova et al., 2016). Naumova et al. (2012)
assessed the methylation status of approximately 27,000 CpGs in 14 children raised
in federal institutions and 14 controls, ranging between 8 and 14 years of age
(Naumova et al., 2012). The authors observed that 3.5% of CpG sites show evidence
of differential methylation. A shift towards hypermethylation of target genes associ-
ated with immune response and cellular signaling was observed in the institutional-
ized group. The functional effects of these epigenetic changes on vulnerability for
psychopathology have not been reported; however, this study provides proof of
principle that the absence of parental care influences DNA methylation in humans.

Additional genome-wide analyses of DNA methylation reveal the pervasive
effect of early adversity on the methylome (Essex et al., 2013; Labonté et al., 2012;
Mehta et al., 2013; Yang et al., 2013). Turecki and colleagues characterized the
effects of childhood abuse on DNA methylation using adult hippocampal samples
(Labonté et al., 2012) and reported differential methylation of 362 gene promoters
in hippocampal neurons associated with cellular/neuronal plasticity. Yang et al.
(2013) reported a greater number of differentially methylated targets (2868) affected
by childhood abuse; however, this analysis was conducted closer in time to the
exposure and used a mixed cell population from saliva. Similarly, maternal stress,
especially early in infancy, is predictive of DNA methylation profiles assessed in
buccal epithelial cells at age 15 years (Essex et al., 2013). More recently, Mehta
etal. (2013) showed that childhood adversity associates with coordinated epigenetic
and transcriptional changes in peripheral blood cells from adults with PTSD (Mehta
et al., 2013). Interestingly, despite a similar clinical presentation for both groups
(i.e., PTSD), early life adversity was associated with an almost unique transcrip-
tional profile relative to PTSD patients without early life exposure, suggesting dif-
ferential regulation of gene transcription in this group. These cross-sectional
analyses of children with a history of institutionalization provide proof of principle
of the effect of early social deprivation on variation in DNA methylation. Future
studies will be required to determine if these changes in DNA methylation are pre-
dictive of adult psychopathology.

Collectively, these studies suggest that the early social environment influences
epigenetic mechanisms in both neural tissue and peripheral sources. A question
remains about the functional importance of these changes, which will need to be
addressed with appropriate in vitro models examining individual sites. Moreover,
the statistical models used to detect “affected”” CpGs remain an issue of some debate,
and existing reports of the actual number of differentially methylated CpG sites
should be considered as estimates. For example, the Illumina MethylationEPIC
Beadchip (850 K array), currently considered the gold standard for large-scale epi-
genetic epidemiology, surveys less than 4% of the human DNA methylome. As
such, the number of CpGs associated with a phenotype of interest is likely to vary as
a function of the amount of the DNA methylome assessed. Perhaps a greater concern
is the degree to which DNA methylation profiles established in peripheral sources of
DNA are informative about epigenetic mechanisms within the brain (see Table 7.1).
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7.4 Tissue Specificity: DNA Methylation in the Blood
and Brain

As discussed above, DNA methylation is, in part, responsible for cell-fate specifica-
tion. As such, DNA methylation is tissue and indeed cell-type specific (Deaton
et al., 2011; Rakyan et al., 2008; Varley et al., 2013). This specificity poses a chal-
lenge to researchers studying DNA methylation in the context of child psychiatry
where access to neural tissue is unavailable. A number of recent studies have
addressed this issue by comparing DNA methylation profiles in both the blood and
brain (Davies et al., 2012; Edgar, Jones, Robinson, & Kobor, 2017; Farre et al.,
2015; Provengal et al., 2012; Ursini et al., 2011).

Ursini et al. (2011) reported findings from a clinical sample in which an interac-
tion between stressful life events and Catechol-o-methyltransferase genotype pre-
dicted COMT methylation in peripheral blood and working memory performance
during an fMRI task. The authors used adult rat prefrontal cortex and blood samples
to demonstrate a moderate correlation between COMT methylation across tissues
(r = 0.50); however, the degree of association in human samples is unknown. This
study used a very appropriate approach, as the correspondence between methylation
states in the brain and peripheral tissues is likely to vary as a function of genomic
region. Such a focus on candidate genes is a valuable compliment to studies using
genome-wide assessment.

Provencgal et al. (2012) use a genome-wide approach to describe the long-term
effects of the early rearing environment on DNA methylation in the blood and brain
of adult rhesus macaques. Maternal versus peer rearing, a manipulation that leads to
persistent and marked changes in behavior and stress reactivity, associates with dif-
ferential methylation of 1981 probes in the prefrontal cortex but only 227 sites in a
selected peripheral T cell population. A weak correlation was observed between
differentially methylated probes between the two tissues (r = 0.07). It should be
noted that this study focused exclusively on gene promoter methylation. In humans,
Davies et al. (2012) provide a comprehensive description of DNA methylation in six
cortical regions, the cerebellum, and matched peripheral whole blood samples. In
their findings, DNA methylation within each brain region clustered together and
was clearly distinct from blood. Remarkably, between-individual differences in
DNA methylation identified in blood were moderately correlated with between-
individual differences in brain samples (r = 0.66—0.76). This study contrasts with
the findings of Provencal et al. (2012), which examined direct correlations of abso-
lute methylation levels across tissues rather than between-individual differences
across tissues. Collectively, these studies suggest that peripheral sources of DNA
may be somewhat informative for identifying individual differences in DNA meth-
ylation of relevance to neural processes. However, an important caveat to the Davies
et al. (2012) study, and to genome-wide analyses in general, is that large regions of
the genome (e.g., retrotransposons) should be highly methylated regardless of cell
type. The inclusion of such regions into analyses is likely to inflate the degree of
correspondence across cell types.
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More recently, Edgar, Jones, Meaney, Turecki, and Kobor (2017) have estab-
lished a blood-brain DNA methylome resource, which facilitates a direct compari-
son of the cross-tissue concordance of DNA methylation levels in blood and brain
(Edgar, Jones, Meaney, et al., 2017). The Blood-Brain Epigenetic Concordance tool
provides variance and concordance estimates across ~450,000 CpG sites contained
on the [llumina humanmethylation450 (450 K array) using data from 16 individuals
with paired blood and brain samples. Such resources, using a wider range of periph-
eral tissues, will be required to address issues of cross-tissue concordance for early
life adversity effects on DNA methylation.

In addition to questions regarding tissue specificity, an increasing number of
studies assess the stability of DNA methylation over time. This issue is critical for
studies examining the potential of DNA methylation marks to serve as biomarkers
for later psychopathology. The role of DNA methylation in developmental pro-
cesses such as X-inactivation, genomic imprinting, and tissue differentiation sug-
gests that DNA methylation is a highly stable epigenetic modification. Nevertheless,
at certain sites DNA methylation can be dynamic (e.g., Herb et al., 2012; Lister
etal., 2013; Martinowich et al., 2003; Nelson, Kavalali, & Monteggia, 2008). Cross-
sectional, longitudinal, and twin studies now describe variation in DNA methylation
across development. A study in newborns and centenarians reports more widespread
hypomethylation and greater variability in DNA methylation between CpG sites in
the elderly relative to the more uniformly methylated newborn DNA (Heyn et al.,
2012). Similarly, Fraga et al. (2005) show increasing epigenetic discordance in
monozygotic twins across ages. However, discordance in DNA methylation between
monozygotic twins exists even at birth, suggesting intrauterine effects (Gordon
et al., 2012; and see Kaminsky et al., 2009). Indeed, rates of change may not be
linear across the lifespan, with studies suggesting more dynamic change between 3
and 17 years (Alisch et al., 2012). Two longitudinal studies examine the stability of
DNA methylation in infancy. Wang et al. (2012) examined DNA methylation at
approximately 27,000 CpGs in cord and venous blood samples at birth and the first
24 months of life (average follow-up was 12 months of age). The authors found
remarkable stability over time with significant changes occurring at <1% of probes
assessed (Wang et al., 2012). In contrast, Martino et al. (2011) show more dynamic
change in mononuclear DNA methylation in their study of 0-5-year-olds. DNA
methylation profiles from female newborns and 1- and 5-year-olds tended to form
distinct clusters, while the 2.5-year-old group clustered with both 1- and 5-year-
olds. Such individual differences in DNA methylation in the postnatal period may
point to differential susceptibility of certain individuals to environmental factors
that influence DNA methylation (Martino et al., 2011). Moreover, there is also very
likely to be variation in the stability of DNA methylation as a function of cell type,
with perhaps the more phenotypically variable cells associated with immune func-
tion showing greater variation than those in other cell types. In a more recent study,
Martino et al. (2013) examined longitudinal changes in DNA methylation of buccal
epithelial cells in monozygotic twins using the 450 K array. The authors observed
an interesting pattern of twin-twin discordance that varied as a function of obstetric
outcomes (e.g., birth weight). Interestingly, while some twin pairs showed a trend
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towards increasing concordance over time, some twin pairs showed increasing dis-
cordance across the first 18 months of life, suggesting a differential effect of the
early environment on DNA methylome maturation across twin pairs. The clinical
relevance of such findings is unknown; however, it is of interest that despite a largely
similar genetic background, these twins showed differences in the rate of change in
DNA methylation at specific sites.

The finding that DNA methylation changes over time and across age groups has
led to the development of epigenetic predictors of chronological age. The “epigen-
etic clock” derived from DNA methylation of 353 CpGs (Horvath, 2013) has
emerged as a cross-tissue index of biological aging. Epigenetic age acceleration
(Aage) (chronological minus epigenetic age) represents a feature of the DNA meth-
ylome associated with cumulative lifetime stress (Zannas et al., 2015) and is predic-
tive of cognitive fitness, mortality, and a range of health outcomes across multiple
cohorts (Chen et al., 2016; Horvath et al., 2012; Marioni et al., 2015). Aage predicts
adverse health outcomes often comorbid with exposure to early life adversity and is
increased by lifetime stress exposure (Zannas et al., 2015). This effect of stress on
Aage is mediated by glucocorticoid (GC) remodeling of DNA methylation at
GC-sensitive clock CpGs (Zannas et al., 2015). Notably, dysregulated GC signaling
is often associated with exposure to early adversity, including child maltreatment
(Heim et al., 2001; Trickett, Noll, Susman, Shenk, & Putnam, 2010), suggesting
Aage might be a useful indicator of sensitivity to early life adversity. However, no
study to date has examined the association between Aage and common mental dis-
orders such as major depressive disorder, which often covary with exposure to early
adversity. This seems like a logical avenue for exploration, especially in light of the
findings of Brody, Yu, Chen, Beach, and Miller (2015), who showed that a psycho-
social parenting intervention moderates the effects of parental depression on Aage
in adolescent offspring. Similar analyses within the context of intervention pro-
grams that reduce rates of child maltreatment or mitigate some of the adverse effects
of exposure to maltreatment are lacking. Such evidence is required to evaluate the
utility of the DNA methylome for personalized approaches in the fields of perinatal
psychiatry and child/adolescent mental health.

Likewise, a limitation of the current epigenetic clock is the prediction error
within epigenetic age estimates (~3.6 years). Such a large error may limit the inter-
pretation of age estimates in pediatric cohorts and in cohorts with a narrow age
range. Current efforts to develop a pediatric epigenetic clock (McEwen et al., per-
sonal communication) may prove more informative for studies in maltreated youth.
Finally, a recent study has examined the heritability of Aage (Lu et al., 2016).
Intriguingly, heritability demonstrated tissue specificity, which suggests that both
genetic and environmental influences on epigenetic aging may differentially affect
different tissues. This finding further highlights the need to consider genetic varia-
tion even in studies that use broad indices of the DNA methylome such as the epi-
genetic clock.
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7.5 The Importance of Genotype in Studies
of the Epigenome

Data from twin and multigenerational studies suggest a genetic influence on epigen-
etic modifications such as DNA methylation (Gertz et al., 2011; Kaminsky et al.,
2009; Zhang et al., 2010). Indeed, an exciting area of current (and future) investiga-
tion research in psychiatric (epi)genetics is the integration of genetic and epigenetic
data with relevant measures of the early environment.

Genetic polymorphism and epigenetic modifications both influence gene tran-
scription. It is important to emphasize that these are coordinated and often interde-
pendent processes. For example, 5-methylcytosine is more readily mutated to
thymine, leading to mismatched guanine-thymine pairs, which are further modified
to create an A-T bond. This process may, in part, explain the reduced frequency of
CpGs across the human genome (Deaton & Bird, 2011). Similarly, genotype is an
important determinant of the epigenetic landscape (Lienert et al., 2011). A recent
analysis of DNA methylation in six individuals from a three-generation family illus-
trates that DNA methylation reflects genetic relatedness (Gertz et al., 2011). Gertz
et al. (2011) reported that genotype may account for 80% of the variance in DNA
methylation, finding many of the allele-specific effects identified in the related indi-
viduals were also seen in unrelated individuals. Similarly, widespread effects of
genotype on DNA methylation in the human brain have been reported (Zhang,
Cheng, et al., 2010) with some evidence that genotype-methylation associations are
conserved across peripheral and neural tissues (Docherty et al., 2012; Klengel et al.,
2013), permitting the study of such associations in peripheral tissue.

Genotype may influence DNA methylation in a number of ways. Genetic poly-
morphisms (SNPs, VNTRs, CNVs) may introduce or remove CpGs, thereby adding
(or removing) potential sites for methylation. Genetic polymorphisms that modulate
transcription factor binding may also influence DNA methylation events. Increased
transcription factor binding can protect CpG islands from DNA methylation and
vice versa (Lienert et al., 2011; Macleod et al., 1994; Stadler et al., 2011). Both gene
promoter and more distal regulatory regions appear to be influenced by transcription
factor binding in this way (Schubeler, 2012). Genotypic variation may also act in
trans to influence activity cell signaling pathways that trigger changes in DNA
methylation (Bonder et al., 2017). Collectively, these findings point to a strong asso-
ciation between genotype and DNA methylation. Furthermore, there is emerging
evidence that such genotype-methylation interdependency may be influenced by the
early environment (Klengel et al., 2013; Ursini et al., 2011; Vijayendran, Beach,
Plume, Brody, & Philibert, 2012). These allele-specific effects provide a biological
mechanism to explain statistical G x E associations.

The concept of G x E effects on vulnerability for mental disorder has been a
major paradigm shift in child psychiatry (Caspi & Moffitt, 2006; Meaney, 2010).
Initial reports demonstrated that environmental factors such as childhood maltreat-
ment (Caspi et al., 2002), stressful life events (Caspi et al., 2003), and cannabis use
(Caspi et al., 2005) interact with genetic risk factors to predict risk of later mental
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disorder. These reports have been supported and extended by clinical and basic
research over the past 15 years (Meaney, 2010; however see Risch et al., 2009; but
also Rutter, Thapar, & Pickles, 2009). More recently, G x E effects have been
reported that provide support for the parent-signaling hypothesis. For example, chil-
dren carrying the dopamine receptor D4 (DRD4) 7-repeat allele show significantly
better neurodevelopmental outcomes but only when exposed to high maternal sen-
sitivity or an enriched early care environment (Belsky & Pluess, 2013; Berry,
Deater-Deckard, McCartney, Wang, & Petrill, 2013). Indeed, the presence of the
DRD4 7-repeat allele was associated with increased risk of adverse outcomes in
children exposed to low maternal sensitivity and poor early care.

Despite an increased appreciation for the importance and biological plausibility
of G x E effects, the molecular basis for these associations remains poorly defined.
Epigenetic modifications, such as DNA methylation, provide a mechanism to link
genetic and environmental risk to phenotype (Klengel et al., 2013; Meaney, 2010).
In addition to our work in rats, two recent human studies provide evidence for a
molecular definition of G x E effects. The first, drawn from the Iowa adoption study
(Beach, Brody, Todorov, Gunter, & Philibert, 2010), demonstrates that exposure to
childhood sexual abuse and being a carrier of the short version of the SLC6A4 repeat
polymorphism interact to predict decreased methylation of a CpG within SLC6A4.
While this study, which used immortalized cell lines, failed to find an association
between this interaction term and SLC6A4 mRNA levels, it did provide proof of
principle for G x E influences on epigenetic marks. More recently, Klengel et al.
(2013) provided a comprehensive description of allele-specific demethylation of the
glucocorticoid receptor co-regulator FKBP5 in adults exposed to childhood trauma.
This study demonstrated that polymorphisms in FKBP5 influence the position of
the nucleosome, which when combined with childhood trauma (postulated to
increase circulating cortisol) results in increased risk of PTSD. At the molecular
level, this interaction is associated with stable DNA demethylation, increased tran-
scription of FKBP5, symptoms of glucocorticoid resistance, and reduced hippo-
campal volume. In line with what is known about the capacity for transcription
factors to modulate local DNA methylation levels, a large emphasis is placed on the
presence of a glucocorticoid response element, which may be an important mediator
of these demethylation events (Klengel et al., 2013). Ursini et al. (2011) also pro-
vide evidence that environmental stress and genotype may interact to produce
allele-specific changes in DNA methylation, which are in turn associated with cog-
nitive performance. In summary, these studies build on epidemiological analyses of
G x E effects by providing a functional mechanism to link genetic risk factors and
adverse environmental exposures to sustained physiological changes relevant to
mental health. Undoubtedly, both candidate gene and genome-wide analyses will
uncover additional genomic regions with epigenetic modification in response to
early adversity (see Table 7.2).



105

7 Epigenetics and Early Life Adversity: Current Evidence and Considerations...

(panunuoo)

1OCAN
JO uone[AyIow padnpar yPIm

SIOPIOSIP 9SN-90UEISqNS
pue Kjarxue ‘oarssardop
pue K)ISIoApe A[1ed

)M SUOTJBIOOSSY :S)[npe
ur 1ojowold uad 103dodar

PIBIOOSSE SEM JUSUBAT W 1D€IN JuSUBINEW Iy uone[AyIow | PIOOII000on[S 931400Na[ (9107) opereq
pooyp[Iyd 0} armsodxg Jo g uoxyg pooyp[IyD 0re VNA 74 oy Jo UONBAYIAAL | PUE “INOPIY ‘BNIAL,

souas 9IS pue uoneZI[euonmNsuI

SdEA oq urpim sans Hdy oy Apred

oyr10ads Je uonejAyIow YN 01 21nsodxa Im PAJeIoOSse

PooNPaI POMOYS dIed [BUOHMIISUT $V9DTIS ST SoUQS PojeaI-ssms
ur own a1ow juads oym uIp[IyD) Sd gy | uonezijeuonnnsug L1 Surouonbasoifg je uone[Ayow YNA | (9107) ‘Te 30 uoN

[HCdAD JO s 1e)s

uonduosuern ay Sutuueds

Quad [ZdAD uoI3aI1 © SSOI0€ uone[Ayiow

oy} Jo uor3al e ur uone[AYIow | ()] SWOSOWOIYD VN PIseaIoul yim

VN paseaiour pamoys | uo (14zdAD) PaJBIS0SSE ST pOOYP[IYd
uoneardap reuonmnsut A[1e | ouad 147 0SHd A1reo ur uoneardop (9102)
Qwanx9 0} pasodxo uaIp[IyD) QWOIYD0LD) | UONEZI[RUONNISUT 6F | UOISIOAUOD Ay[nsig [eroosoyoAsd a10A08 “Te 30 Byswny]

amsodxo
Mo[m

G¢ pue BIUBZUER], UT UIPIIYD (IIM

amsodxa Apmis v :(DINOJ) 2uad
uoneAyow asnqe unodouewordoord ayy | (9107) Heq[d pue
VNA DINOJ pasearout U3y s ur suoneoyrpow onoudgide | ‘sornodonossedeq
pamoys dnoi3 amsodxa UQIP[IYD pue ‘yi[eay [ejuow ‘Osnqe ‘NeUdWLIOH
asnqe Y31y oy} ur udIp[iy) JINOd asnqy GE | UOISIOAUOD QYNSIg | PIYD SUOWE SUONRIIOSSY ‘ayipey ‘1oyooH
s3urpuy urejy Niblig| amsodxg N SPOUIOIN ML (s1eaK) sroyIny

yoeoxdde oua3 ojepipued € yjim sonouadido pue K)1s10Ape A[TB2 UO SAIPNIS JO MAIAIAQ 'L IqBL



A.-A. Bouvette-Turcot et al.

106

SIayjow pasodxa-uou sa douanbas
SuIpod ZHEYN Ay UIyIm

pareoo] sHd) jo uone[Ayjew
PaseaIoul pey os[e SIYIow
pasodxy "dnoi3 pasodxe-uou oy
03 paredwod 4] uoxa [DHEYN Y
JO UONR[AYIOW PISLAIOUT POMOYS

STXe YJH 9y Jo £30701q
pue sonouadidy :ssons
[BUIOJEW JO UOISSIWSUET)

UQIP[IYD JIaY) pue aproouds 1sing, ZOAN [euonerouagsuer +102)
Y 0) pasodxa a1om Jey) SO 1DCUN astd ST Surouanbasoifg pue 9p1oouasd 1sing, Ay, ‘[& 39 pnoLdg
AS.Ld 1NOY)IM SUBIOIOA JIOPIOSIP SSANS
0) paredwood se (SQNGJ) S[[ed onewnen)sod yJim SUBIOIA
Ieoponuouowr pooyq Teroydrrad Jo poojq rexeydrrad
ur uoneAylow 1jowoxd ur | 1oj0wold ouad
AT-TDEUN PIseaIddp pamoys 101d9o91 P1091110900N[3 (S102)
AS.Ld Y1M SUBISIOA JeqUIO)) 1DCAN astd 721 | uoIsIoAu0d Aynsig JO UONR[AYIoW JOMO] ‘[€ 19 Bpnyax
10dD 18 ¢d g3 Jo uone[Kyow
PISELAIOIP YIIM PAJBIOOSSE
sem seoudLIadxe JuswBn W
pue ewnen Jo 21008 Aisodwod y
Cpue (Sda31D)
1 sndD 18 uoneAylow g rUINEI) Qua3 ¢ urajoxd Jurpuiq
PISLAIOP POMOYS JUSUBATI R pue JusuBAI[RW Surouanbasoikd | 9G] JO uoneAYIow pue
JO AI0ISIY & (LM UAIP[IYD) Sdd>d POOYPIIYD VLI 91g[nsIq wnipo§ yueuneanTewW pooyp[iy) | (S107) e 10 BYIAL
Sdd>d Jo 9°Ms
/€ UIq 8 UOTJR[AYIoW PISLaIoP
POMOYS SIOAIAINS }SNEOO[OY
Jjo Sundsyjo ‘A[Sunsenuo) uone[Ayjow
Sd > Jo 9aus Sdd>]d Uo $109))9
/€ UIq 18 UOTJR[AY}oW PaseaIoul arsodxa SurouanbasorAd |  [euoneIauaSIoIUT paonpur (9102)
PeY SIOAIAINS JSNBIO[OH SdId JSNBOO[OH ov JIY[NSIq WNIPOS amsodxe 1snedojoy ‘[€ 19 epnyax
s3urpuy urejy Nibklog| amsodxyg N SPOYISIAL AL (s1eak) sroyny
(panunuoo) gL J1qeL,



107

7 Epigenetics and Early Life Adversity: Current Evidence and Considerations...

SIQLITED Q[[[E YSH 10} A[UO

SUOT}ORIUI
ewneI) pooypryo-ouds

nq uone[Ayowop ¢ Pim SurouonbasorAd SQJRIPAW UOTIR[AY)oUIdp (€102)
PIIBIO0SSE sk BUWINEL) pOOYP[ID) Sdd3d | ewnen pooypriyn 46C1 aynsiq wnipos | YNA $dq dyroads-ofeyy Te 19 [o5ua[y
UuonR[AYIoW PIseaIdap Sundsyjo
pamoys dS.Ld pey siuared yroq JOATAINS 1SNEO0[OY Ul QU3
9soym I0J udIp[Iyd ‘A[Sunsenuo)) 101d90a1 P1oo110509N[3
uone[Aypow 193oword 9y jo uone[n3al onouagido
a1 -dD pasealoul pamoys dS.Ld ds.1d reurored uo qSId [eusered (¥100)
pey SIayie] 9soym UdIp[IYD SR (9) puE [BUIBIA! 7T | UOISIOAUOD QYINSIg | PpuR [BUIAJBW JO SIdUANPU] ‘I8 19 epnyox




108 A.-A. Bouvette-Turcot et al.

7.6 Methodological Considerations for Studies of Epigenetics
in Child Psychiatry

The importance of epigenetics for studies of maltreated youth is emphasized by a
recent wave of epigenome-wide association studies. These analyses are beginning
to uncover disease-risk markers in peripheral tissue for conditions often associated
with exposure to early adversity, such as schizophrenia and bipolar disorder
(Dempster et al., 2011; Hannon et al., 2016), major depression (Byrne et al., 2013;
Sabunciyan et al., 2012), posttraumatic stress disorder (Mehta et al., 2013; Smith
et al., 2011), and autism (Berko et al., 2014; Wong et al., 2013). A critical question
in the field of epigenetic epidemiology is the choice of tissue for such studies. For
studies of neurodevelopment and mental health, an argument has been made in sup-
port of saliva (Smith et al., 2015) or buccal epithelial cells (Berko et al., 2014;
Kumsta et al., 2016). This is largely due to brain and buccal cells sharing the same
lineage, i.e., arising from the ectoderm. There is some suggestive evidence in sup-
port of this argument; however, a definitive study is required (Isagawa, Wang,
Kobayashi, Itoh, & Maeda, 2011; Papavassiliou et al., 2009).

A related issue in such studies is the issue of cellular heterogeneity (Lappalainen
& Greally, 2017). While methods exist to statistically predict the proportion of
major cell types in blood and buccal samples from DNA methylation data, such
reference-based methods do not fully capture the diversity of cell types that exist in
these biosamples. Indeed, this issue of confounding by cell type has been identified
previously where cell type has been shown to inflate the number of CpGs associated
with disease status (Liu et al., 2013), early institutionalization (Esposito et al.,
2016), or SES experienced in early life (Lam et al., 2012). The question arises as to
how the early environment influences the proportion of cells in a given biosample to
give rise to such confounding effects.

Several of the EWAS studies described above employed microarray-based plat-
forms for methylation analyses. Currently, the 850 K array provides the most com-
prehensive genome-wide coverage (>850,000 CpG and non-CG sites) at a cost that
permits its use in larger scale, epidemiological-like studies. It should be noted that
despite improved genome-wide coverage, this array provides quantitative data on
>4% of the 28 million CpGs contained in the human genome. An advantage of the
850 K array is that it includes increased coverage of enhancer sites, which are gain-
ing increased prominence in studies of environmental regulation of the genome
(Pidsley et al., 2016). Next-generation sequencing approaches to methylation analy-
ses such as reduced representation of bisulfite sequencing and whole-genome bisul-
fite sequencing may reveal novel genomic regions of interest, sensitive to maternal
effects and relevant for child vulnerability for mental disorder; however, the cost of
such sequencing to resolve relatively small differences in DNA methylation may be
prohibitively expensive for large epidemiological studies (Teh et al., 2016).

An additional consideration for future studies is the need to distinguish DNA
methylation (5SmC) from hydroxymethylation (ShmC). Currently, studies that
employ standard bisulfite conversion protocols fail to discriminate between these
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two different epigenetic modifications. Oxidative bisulfite sequencing is promising
in this respect (Booth et al., 2012). Finally, as noted above, epigenetic modifications
do not occur in isolation, nor are they independent of the underlying DNA sequence.
Several in vitro studies have carried out genome-wide surveys of multiple epigene-
tic modifications (DNA methylation, histone posttranslational modifications and
non-coding RNAs) and reveal coordinated epigenetic control of gene transcription
and interactions with genotypes (Lienert et al., 2011; Reddy et al., 2012; Stadler
etal., 2011) as well as evidence of cross-species conservation of specific features of
the epigenome (Xiao et al., 2012). Such combined approaches may prove useful in
clinical studies of early adversity and may help determine if maternal effects associ-
ated with increased risk of mental health problems are also associated with dysregu-
lation in the coordinated epigenetic control of gene expression.

7.7 Epigenetics and Clinical Practice

Genome-wide DNA methylation (the DNA methylome) is dynamic across develop-
ment (Horvath, 2013; Ziller et al., 2013) and is altered by early social experience
(Lam et al., 2012; McGowan et al., 2009).

Nonetheless, challenges remain before measure of the DNA methylome can be
translated to improve clinical practice. As discussed above, the choice of tissue for
studies of the impact of the early environment on child neurodevelopment is yet to
be established. Likewise, while DNA methylation is relatively stable, detailed lon-
gitudinal analyses are required to establish normal rates of DNA methylome matu-
ration. Such studies would provide a better understanding of methylome dynamics
as a function of development. Such data would also be required to better interpret
early adversity effects on DNA methylation and whether such changes are associ-
ated with accelerated or delayed DNA methylome maturation. Prospectively
designed cohorts, incorporating longitudinal biosampling, will clarify the relation-
ship between early life adversity, the DNA methylome, and its predictive value for
mental health outcomes.

7.8 Conclusions

It is clear that early life adversity, such as a history of child maltreatment, predicts a
range of negative developmental outcomes, including an increased vulnerability for
later mental disorders. There is emerging evidence in support of an environmental
epigenetics hypothesis, with evidence that early life adversity associates with varia-
tion in epigenetic modifications such as DNA methylation. However, a question
remains as to whether such effects arise as a function of changes in cell phenotype.
Likewise, the evidence that such epigenetic changes mediate the effects of early life
adversity on child outcomes is rather limited and requires further in-depth study.
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Such efforts represent the logical next steps in advancing epigenetically informed
approaches to personalized medicine. Thus, while epigenetics is an exciting and
rapidly growing field, translating basic scientific findings to improve clinical care
and mental health outcomes will require continued and cautious research efforts.
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Chapter 8
An Integrative Temporal Framework
for Psychological Resilience

Kan Long and George A. Bonanno

Life can be demanding. Most people are exposed to at least one and sometimes
several potentially traumatic events (PTEs) during the course of their lifetime
(Breslau, 2009; Copeland, Keeler, Angold, & Costello, 2007; Norris, 1992).
Importantly, however, it is now well understood that responses to adversity are char-
acterized by significant variability. In the past decade, a growing body of research
has examined these separable patterns of psychological adjustment and illustrated
that human beings are, in part, defined by a capacity for resilience in the face of
highly aversive events.

Researchers first became interested in resilience during the early 1970s, and the
term was initially proposed to explain the process by which ecological systems
absorbed “change and disturbance” (Holling, 1973, p. 14). At the same time, the
concept of psychological resilience also began to emerge in the literature on early
human development (Garmezy, 1972; Rutter, 1979; Werner, Bierman, & French,
1971; Werner & Smith, 1977). Although developmental psychology in this era pri-
marily focused on psychopathology, psychological resilience served as a descriptor
for children who had endured recurrent and chronic adversity, yet grew into func-
tional, capable individuals (DiRago & Vaillant, 2007; Gralinski-Bakker, Hauser,
Stott, Billings, & Allen, 2004; Sampson & Laub, 1992; Vaillant & Davis, 2000). By
the early 1990s, researchers and theorists concerned with trauma exposure and psy-
chological health in adults began to show interest in the idea of psychological resil-
ience, which led to the advent of a different perspective on the construct (Bonanno,
Papa, & O’Neill, 2001; Bonanno, Keltner, Holen, & Horowitz, 1995; Bonanno,
Field, Kovacevic, & Kaltman, 2002; Ryff & Singer, 2002). Namely, research on
trauma and adversity in adults has tended to focus on single, isolated events such as
loss, trauma, or disaster occurring in otherwise normative environments—a trend
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that diverges from the emphasis on chronic adversity and life course outcomes that
is characteristic of developmental research. Thus, when researchers and theorists
turned their attention towards resilience in trauma-exposed adult populations, the
conceptual focus began to shift from distal psychological outcomes occurring in the
extended aftermath of exposure to more proximal patterns of mental health and
psychological adjustment (Bonanno et al., 2001; Bonanno, 2004, 2005; Bonanno,
Westphal, & Mancini, 2011).

While the scientific evidence is most robust with regard to psychological resil-
ience in individuals (Bonanno, Romero, & Klein, 2015), the concept has also
expanded to include a wider range of social constructs and behaviors germane to
families (Hawley & DeHaan, 1996; Patterson, 1988, 2002; Walsh, 1996) and com-
munities (Norris, Stevens, Pfefferbaum, Wyche, & Pfefferbaum, 2008; Sonn &
Fisher, 1998). For instance, psychological resilience in family systems has involved
family communication patterns (McCubbin & McCubbin, 1988), family problem
solving and flexibility (Walsh, 1996), and family identity (Patterson, 2002).
Concurrently, prior work on resilience in communities integrates sense of commu-
nity (Sonn & Fisher, 1998), social capital (Kawachi, 1999), and collective efficacy
(Sampson, Raudenbush, & Earls, 1997).

The increasing prominence of psychological resilience across divergent litera-
tures in conjunction with a proliferation of research and theory has led to a signifi-
cantly broadened definition of the term (Bonanno et al., 2015; Luthar, Cicchetti, &
Becker, 2000). The current state of affairs is such that resilience has become associ-
ated with a multitude of different meanings in a variety of contexts. For example,
psychological resilience has been defined as the interactive process by which posi-
tive adaptation is cultivated and maintained (Egeland, Carlson, & Sroufe, 1993;
Norris et al., 2008), a post-PTE outcome characterized by healthy functioning and
adjustment (e.g., Bonanno, 2004; Masten, 2007; Norris, Tracy, & Galea, 2009;
Rutter, 2002), a personality trait (e.g., a “resilient” type; Smith et al., 2008), or a
cluster of capacities, characteristics, and resources (Aldrich, 2012; Norris et al.,
2008). Additional conceptual diversity arises from the application of the term resil-
ience in reference to both acute and chronic life stressors (Bonanno & Diminich,
2013) as well as a variety of populations that includes children (Masten, 2001),
adults (Bonanno, 2004), families (Walsh, 2006, 2013), and neighborhoods or com-
munities (Norris et al., 2008).

However, when “resilience” is used in isolation to describe a single construct, the
collection of varying and overlapping meanings lacks sufficient conceptual and sci-
entific precision to drive continued inquiry. In the interest of integrating the dispa-
rate literature on psychological resilience, we propose that the concept of resilience
is best realized as a broad, umbrella phenomenon that encompasses a number of
temporally related elements (Bonanno, 2004, 2005; Bonanno & Diminich, 2013;
Carver, 1998; Cutter et al., 2008; Masten & Narayan, 2012; Norris et al., 2008). In
the following sections, we review a recent, novel framework that endeavors to orga-
nize and advance research and theory on psychological resilience.
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8.1 An Integrative Temporal Framework

Bonanno et al. (2015) proposed an integrative temporal framework that sought com-
mon threads among the vast literature on resilience in individuals, families, and
communities. The authors argued that the study of resilience across diverse fields
should necessarily reference four constituent temporal elements (Fig. 8.1). These
four elements include: (a) baseline or pre-adversity adjustment that serves as the
anchoring reference point, (b) the actual aversive circumstances, (c) post-adversity
resilient outcomes referenced to both the aversive circumstances and baseline
adjustment, and (d) predictors of resilient outcomes measured prior to, during, and
after the aversive circumstances. In the context of this framework, psychological
resilience is conceptualized as a process that unfolds over time (Bonanno, 2012).

8.1.1 Aversive Circumstances

The first temporal element to define is the aversive circumstances themselves.
Despite the temporal precedence of baseline adjustment, it is essential to begin by
asking “resilience to what?” (Bonanno et al., 2015, p. 141). In other words,

Baseline j ili
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Adjustment Circumstance Outcomes
hronic stressor
g AN <& >
€
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£
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Fig. 8.1 The temporal elements of psychological resilience. From Bonanno, G. A., Romero, S. A.,
& Klein, S. 1. (2015). The temporal elements of psychological resilience: An integrative framework
for the study of individuals, families, and communities. Psychological Inquiry 26(2), 139—169
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psychological resilience must be referenced to an actual real-world event or series
of events (Bonanno, 2004, 2012; Luthar et al., 2000), and aversive circumstances
may be distinguished on the basis of three primary features.

8.1.1.1 Acute and Chronic Events

A key distinction can be made between acute and chronic adversity. Generally
speaking, acute and chronic events differ with regard to the intensity and duration of
impact (Bonanno, 2004; Fergus & Zimmerman, 2004). Acute adversity involves an
event that is relatively isolated, demands and/or results in the loss of resources, and
exerts its primary impact over a transient period, typically less than 1 month. For
example, acute events may include a natural disaster, serious transportation acci-
dent, physical assault, terrorist attack, explosion, or fire. In contrast, chronic adver-
sity refers to an event or series of events that exert a recurrent and cumulative impact
on resources and adaptation over the course of many months or years. Chronic
events may consist of emotional or physical neglect, prolonged physical or sexual
abuse, civil war, and political violence.

8.1.1.2 Level of Exposure

Aversive circumstances may also be parsed in terms of level of exposure. While a
group of individuals can experience the same instance of potential trauma over a com-
parable period of time, each person may endure varying degrees of exposure to the
aversive features of the event. By way of example, individuals may contend with dif-
fering levels of exposure to the direct experience of life-threatening events (Bonanno,
Rennicke, & Dekel, 2005; Galatzer-Levy et al., 2013), physical proximity to the epi-
center of an event (Galea et al., 2002; Hoven et al., 2005), and loss of family members
or friends as the result of an event (Norris et al., 2002). Other common characteristics
of exposure include the presence of physical dangers (Norris et al., 2002; Okumura
et al.,, 1998) and injuries (Galea et al., 2007), media consumption (Vasterman,
Yzermans, & Dirkzwager, 2005), and loss of secondary resources related to property
or employment (Hobfoll, 1989, 2002; Norris, Baker, Murphy, & Kaniasty, 2005).

8.1.1.3 Proximal and Distal Exposure

It is also possible to distinguish aversive circumstances on the basis of proximal and
distal exposure. Bonanno, Brewin, Kaniasty, and La Greca (2010) proposed these
terms to differentiate between aversive contexts in which the impact of potential
trauma is immediate versus long-term. As such, the distinction between proximal
and distal exposure largely serves to denote when the impact of a highly aversive
event is most prominent. Proximal exposure refers to the events and consequences
that occur during the approximate period of adversity, such as imminent physical
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danger or the death and serious injury of others as the event unfolds. By contrast,
distal exposure refers to the events and consequences that emerge in the aftermath
of adversity—specifically, the lingering consequences that may take the form of
prolonged injuries, displacement or relocation, and repeated repercussive events
that interfere with daily functioning.

8.1.2 Baseline Adjustment

The second temporal element to establish is baseline or pre-adversity adjustment.
Baseline adjustment refers to the pre-existing or baseline functioning of individuals,
families, or communities prior to the onset of aversive circumstances. Almost all
theories of resilience reference baseline adjustment either explicitly, in their mea-
surements, or implicitly in their conceptual approach. In principle, resilience implies
some previous level of psychological adjustment from which the response to adver-
sity is referenced.

Prospective and longitudinal research on resilience in the face of highly aversive
events has provided compelling evidence for the importance of baseline measures,
by demonstrating that such inclusive designs reduce issues of sampling and memory
bias (Galatzer-Levy, Huang, & Bonanno, 2017), thereby allowing for more reliable
and comprehensive conclusions to be drawn. We note, however, that although it is
preferable to obtain an index of psychological adjustment at baseline, the task poses
notable challenges, and many situations arise in which pre-event assessments are
either not feasible or available. In cases in which the acquisition of such measures
is not possible, it becomes all the more critical that researchers subject measures of
post-event resilient outcomes to careful scrutiny.

8.1.3 Resilient Outcomes

The third temporal element to delineate consists of post-adversity resilient out-
comes. Resilient outcomes refer to the functioning of individuals, families, or com-
munities following aversive circumstances in the aftermath of exposure (i.e.,
post-adversity psychological adjustment).

To date, the two most common approaches to studying highly aversive and
potentially traumatic life events have employed either a binary focus on psychopa-
thology or average-level measures of psychological adjustment. The first of these
approaches has been referred to as the diagnostic approach and centers on the
assumption that diagnostic categories reflecting the presence and absence of psy-
chopathology (i.e., extreme responses) fully capture possible responses to adversity.
As such, a diagnosis of Posttraumatic Stress Disorder (PTSD), Major Depressive
Disorder (MDD), or Complicated Grief (CG) is thought to be indicative of a dys-
functional or abnormal response while the absence of psychopathology is inter-
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preted as a normal or resilient response (e.g., Krystal & Neumeister, 2009; Rutter,
1985; Sarapas et al., 2011; Yehuda & Flory, 2007).

Research on psychopathology conducted under the auspices of the diagnostic
approach has been instrumental in chronicling the adverse consequences and public
health costs of exposure to potential trauma. Despite recognition of the potentially
harmful effects of trauma exposure in the early twentieth century, controversy
abounded regarding the presentation, prevalence, and existence of trauma-related
disorders (Lamprecht & Sack, 2002). Further, the stigmatization of psychological
issues experienced in the wake of potential trauma contributed to a scarcity of avail-
able treatments (Shepard, 2001). When PTSD was formally recognized as a diag-
nostic category in 1980, this critical turning point resulted in a significant expansion
of research and treatment (Foa & Kozak, 1986; Foa, Rothbaum, Riggs, & Murdock,
1991; McNally, 2003). Recently, similar advances have taken place in the field of
bereavement following the proposal of diagnostic criteria for CG (Boelen, de
Keijser, van den Hout, & van den Bout, 2007; Bonanno et al., 2007; Horowitz et al.,
1997; Prigerson et al., 2009; Shear, Frank, Houck, & Reynolds, 2005).

While these advances provided a foundation for our understanding of how indi-
viduals respond to adversity, the diagnostic approach is limited in several ways. The
exclusive reliance on diagnostic categories results in ambiguity regarding the preva-
lence or course of extreme responses. In particular, one crucial problem posed by
the diagnostic approach is the considerable variability in the prevalence rates of
psychopathology across studies, which is most likely derived from a lack of diag-
nostic precision and selection or response biases (Bonanno et al., 2010; Johnson &
Thompson, 2008). A historical examination of trauma research indicates significant
variability in the manifestation of PTSD symptoms (Jones, 2006; Jones & Wessely,
2005; Jones et al., 2003; Sundin, Fear, Iversen, Rona, & Wessely, 2010), and clear
boundaries for the diagnostic category have remained elusive (McNally, 2012).
Indeed, the continued expansion of diagnostic criteria for PTSD geared towards
accommodating a greater emphasis on the subjective experience of trauma has led
to a form of “bracket creep” that may reduce the validity of the diagnosis (McNally,
2003, 2012). A particularly compelling illustration can be found in the current
DSM-5 criteria for PTSD that allows for 636,120 separate symptom combinations
qualifying for the same diagnosis (Galatzer-Levy & Bryant, 2013).

Another issue is that the binary conceptualization of psychological outcomes
offers scant information regarding the distribution of responses to adversity. When
all individuals who do not develop psychopathology following exposure are placed
into a single category of non-psychopathology, any existing variation becomes
obscured by the conflation of resilient outcomes with other non-pathological
responses (Bonanno et al., 2011). In this way, the psychopathology approach pre-
sumes that the course of post-adversity outcomes follows a single homogenous pat-
tern over time (Duncan, Duncan, & Strycker, 2006; Muthén, 2004). However, more
recent work examining the range of responses to aversive events has consistently
demonstrated heterogeneity in outcomes and significant variation among individu-
als (Bonanno, 2004; Bonanno et al., 2011; Galatzer-Levy & Bonanno, 2013).



8 An Integrative Temporal Framework for Psychological Resilience 127

The second approach has been termed the average-level approach and makes use
of average-level data on psychological adjustment in order to examine differences
between the mean response in a group of exposed individuals and a comparison
group (e.g., non-exposed individuals or another patient population). The impact of
the aversive event itself is of greatest interest in the context of the average-level
approach as opposed to that of potential individual differences. Typically, the pat-
tern of PTSD symptoms averaged at the group level takes the form of an initial
elevation in the weeks immediately following exposure, which is then succeeded by
a gradual decline over the course of several years and an eventual return to the
assumed baseline (Breslau, 2001). The use of average-level scores has been fre-
quently applied in studies examining predictors of PTSD or CG, and the approach
has facilitated meta-analytic research involving the synthesis of information across
several data sets (Currier, Neimeyer, & Berman, 2008; Norris et al., 2002).

Yet, the assumption inherent to the average-level approach is that the statistical
mean reflects the normal or modal response to adversity, which represents a signifi-
cant limitation. While the approach provides a description of the outcome distribu-
tion and allows for an identification of longitudinal trends, the use of average-level
data may mask other interesting effects (Bloembergen & Zewail, 1984; Siegler,
1987). This issue is of particular concern to the study of psychological adjustment
in the presence of adversity as the data are often non-normal, and thus the use of
averages can be misleading.

It is ultimately essential to collect repeated and longitudinal measurements in
order to accurately assess resilient outcomes and to model the marked variability in
responses to adversity over time (Bonanno, 2012). However, the average-level
approach fails to capture the heterogeneity of longitudinal distributions and is
unable to identify resilient trajectories or other patterns in the data that are not
encapsulated by the single, average pattern of change (Mancini, Bonanno, & Clark,
2011; Galatzer-Levy & Bonanno, 2012, 2014).

8.1.3.1 The Trajectory Approach

A burgeoning line of research has employed latent growth modeling methods (e.g.,
latent growth mixture modeling, latent class growth analysis) that address the limi-
tations inherent to the diagnostic and average-level approaches by identifying tra-
jectories of psychological adjustment. In this way, the trajectory approach more
successfully models the heterogeneity in responses to highly aversive events over
time. Across numerous studies, four prototypical trajectories of psychological
adjustment have consistently emerged: chronic dysfunction, recovery, delayed reac-
tions, and resilience (e.g., Bonanno, 2004, 2005; Bonanno et al., 2011). A compari-
son across different age groups and types of aversive circumstances has revealed
two distinct resilient trajectories—emergent resilience and minimal-impact resil-
ience (Bonanno & Diminich, 2013). These two forms of resilience are associated
with distinct aversive circumstances: emergent resilience has been observed in the
context of chronic adversity and minimal-impact resilience has been identified
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following acute adversity. Additionally, prior work has tended to link emergent
resilience with developmental populations and minimal-impact resilience with adult
populations. It should be noted, however, that the relationship between type of resil-
ience and age is most likely tied to the differing interests of developmental and adult
researchers, with the former emphasizing chronic aversive events and the latter
focusing on acute aversive events.

8.1.3.2 Emergent Resilience

The trajectory of emergent resilience is characterized by a capacity for weathering
caustic life circumstances as evidenced by the ability to reach normal developmental
milestones and attain psychological health in the aftermath of chronic adversity.
Given that chronic adversity can exert enduring effects on a broad spectrum of psy-
chological and physiological functions (de Kloet, Derijk, & Meijer, 2011; Lupien,
McEwen, Gunnar, & Heim, 2009; Offidani & Ruini, 2012), emergent resilience often
becomes most apparent once the aversive circumstances have subsided. For instance,
a child may experience ongoing difficulties within a chronically abusive family sys-
tem. Yet, this same child could go on to exhibit a pattern of emergent resilience if he
or she were to eventually achieve normal developmental milestones as well as exhibit
healthy psychological adjustment and other age-appropriate competencies (Elder,
1998; Luthar et al., 2000; Masten & Coatsworth, 1998; Waters & Sroufe, 1983).

Much of the prior work on emergent resilience has involved the examination of
chronic exposure to poverty or abuse (Garmezy, 1993; Luthar, 1999; Werner, 1993)
and civil war, among other aversive circumstances (Betancourt & Khan, 2008;
Betancourt, McBain, Newnham, & Brennan, 2013) in developmental populations.
One classic study of emergent resilience investigated life course outcomes in a mul-
tiracial cohort of children exposed to perinatal stress, chronic poverty, chronic
familial discord, and parental psychopathology (Werner, 1993, 1995; Werner &
Smith, 1977, 1992). Children entered the study as newborns and were assessed over
an extended period of 32 years. By late adolescence, children that demonstrated
emergent resilience were observed to be competent, caring, and motivated as well
as successful in several domains including academic endeavors and social function-
ing (Werner, 1993). Upon reaching adulthood, the majority of the resilient individu-
als continued to evidence adaptation and healthy psychological adjustment as
indicated by scholastic and professional achievements that surpassed their high-risk
peers and were comparable to the accomplishments of low-risk peers who had
developed in more stable environments (Werner, 1993).

Another compelling example of emergent resilience can be found in a more recent
study that examined the trajectories of internalizing symptoms and behavioral prob-
lems in Sierra Leonean youth exposed to the decade-long civil war (Betancourt et al.,
2013). In this sample of war-exposed children and adolescents that included a large
proportion of former child soldiers, the pattern most commonly observed was emblem-
atic of emergent resilience and consisted of moderately elevated to highly elevated
symptoms that gradually approached normal levels only after several years had passed.
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It is relevant to note that even though prior work on emergent resilience is most
prominent in the developmental psychology literature, this type of resilience is not
limited solely to adverse experiences in childhood. Although the majority of
research in adults concerns itself with acute PTEs, previous studies from the adult
literature that investigated psychological adaption and functioning in the context of
chronic adversity have similarly reported emergent resilient outcomes. One study,
in particular, examined the impact of chronic exposure to the Second Intifada in a
large sample of Palestinian adults from the Gaza and West Bank regions (Hobfoll
et al., 2011). The most common response to extreme war violence and mass casu-
alty involved a trajectory of moderately elevated symptoms of PTSD and depression
followed by gradual improvement indicative of emergent resilience.

8.1.3.3 Minimal-Impact Resilience

The trajectory of minimal-impact resilience is characterized by a pattern of low-
level, transient psychological symptoms or distress that remains stable before and
after the aversive event (Bonanno, 2004, 2005; Bonanno et al., 2011). Under condi-
tions of acute adversity, the relatively discrete and isolated nature of events typically
precipitates transient disruptions in normal functioning followed by a fairly rapid
return to baseline adjustment (e.g., Bisconti, Bergeman, & Boker, 2004; Bonanno,
2004). Thus, minimal-impact resilience tends to become apparent shortly after an
acute aversive event occurs.

The corpus of evidence for minimal-impact resilience has arisen predominantly
from research in adult populations (Bonanno & Diminich, 2013; Bonanno et al.,
2015), and across many different types of PTEs, minimal-impact resilience is the
most commonly observed outcome. For instance, the minimal-impact resilience tra-
jectory was identified in the context of exposure to a large-scale terrorist attack
(Bonanno et al., 2005), disease epidemic (Bonanno et al., 2008), natural disaster (La
Greca et al., 2013; Norris et al., 2009; Pietrzak, Van Ness, Fried, Galea, & Norris,
2013; Tang, 2007), mass shooting (Mancini, Littleton, & Grills, 2016; Orcutt,
Bonanno, Hannan, & Miron, 2014), police service (Galatzer-Levy, Madan, Neylan,
Henn-Haase, & Marmar, 2011), and military deployment (Andersen, Karstoft,
Bertelsen, & Madsen, 2014; Berntsen et al., 2012; Bonanno et al., 2012; Porter et al.,
2017). The same pattern of stable, low-level psychological symptoms was found
following bereavement (Bonanno, Field, et al., 2002; Maccallum, Galatzer-Levy, &
Bonanno, 2015), divorce (Malgaroli, Galatzer-Levy, & Bonanno, 2017; Mancini
et al., 2011), and job loss (Mancini et al., 2011). In addition, minimal-impact resil-
ience was also observed in the wake of highly aversive medical events such as trau-
matic injury (Bombardier, Hoekstra, Dikmen, & Fann, 2016; Bonanno, Mancini,
et al., 2012; deRoon-Cassini, Mancini, Bonanno, & Rusch, 2010), cancer diagnosis
(Burton, Galatzer-Levy, & Bonanno, 2015; Deshields, Tibbs, Fan, & Taylor, 2006;
Helgeson, Snyder, & Seltman, 2004; Lam et al., 2010), heart attack (Galatzer-Levy
& Bonanno, 2014), and chronic pain (Zhu, Galatzer-Levy, & Bonanno, 2014).

As a complement to the preponderance of research on minimal-impact resilience in
adult populations, recent developmental work has also identified this type of resilience
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in children and adolescents exposed to acute aversive events (Hong et al., 2014; La
Greca et al., 2013; Le Brocque, Hendrikz, & Kenardy, 2010). In a large sample of
children hospitalized for both life-threatening and benign injuries, the modal response
was a stable trajectory of low-level posttraumatic stress symptoms that mirrored pat-
terns of minimal-impact resilience observed in adults who had experienced traumatic
injury (e.g., deRoon-Cassini et al., 2010). A similar study examined PTSD symptoms
in a diverse group of children from New Orleans who were exposed to Hurricane
Katrina (Self-Brown, Lai, Thompson, McGill, & Kelley, 2013). The children were
assessed at 3, 13, 19, and 25 months post-Katrina and across the sample, and the major-
ity of the disaster-exposed youth exhibited the minimal-impact resilience trajectory.

8.1.4 Predictors of Resilient Outcomes

The fourth and final temporal element to elucidate includes predictors of resilient
outcomes. While myriad factors are touted as resilience promoting and cited as
descriptors or measures of the construct, the association between these factors and
resilient outcomes often derives from an assumption made on the basis of theory or
clinical observation as opposed to empirical study. In the literature on families and
communities, the relationship between factors and resilient outcomes has yet to be
directly tested and, thus, a corresponding gap in the evidence exists. As a point of
contrast, this issue is much less prominent in the literature on individual resilience
by virtue of a robust body of studies that has consistently and even prospectively
linked predictors with resilient outcomes.

Previous reviews have catalogued the scientific evidence for predictors of indi-
vidual resilience in children (Cicchetti & Rogosch, 2012; Fergus & Zimmerman,
2004; Luthar, 2003; Ong, Bergeman, & Boker, 2009; Werner, 1995) and adults
(Bonanno, 2004; Bonanno et al., 2011; Reich, Zautra, & Hall, 2010), as well as
provided a synthesis of the literature across age groups (Bonanno & Diminich,
2013; Masten & Narayan, 2012). Together, these systematic reviews have identified
key predictors empirically linked to resilient outcomes and highlighted two essential
points. The first point concerns the primacy of single predictors. While a diverse set
of variables is consistently and reliably associated with resilience, no single predic-
tor exerts a dominant influence. Rather, each unique factor appears to exert rela-
tively small effects by independently explaining a modest amount of the overall
variance in resilient outcomes (e.g., Bonanno, Galea, Bucciarelli, & Vlahov, 2007,
Werner, 1985). The second point is related to the shifting role of predictors over
time. The matrix of risk and resilience factors is not static, but rather fluid and likely
to change (Bonanno et al., 2010). Some predictors of resilient outcomes will remain
reasonably stable with the passage of time, such as those related to personality
traits, while others will fluctuate in concert with changing life circumstances and the
availability of personal or situational resources (Hobfoll, 1989, 2002).



8 An Integrative Temporal Framework for Psychological Resilience 131

8.1.5 Predictors of Emergent Resilience
8.1.5.1 Caregiver—Child Relationships

One pertinent category of predictors is related to characteristics of the caregiver—
child relationship. Aspects of the parent—child relationship that predict emergent
resilient outcomes include a stable living situation, a consistent and constructive
parental disciplinary style, and a nurturing parent—child dynamic (Conger & Conger,
1992, 2002; DuMont, Widom, & Czaja, 2007; Masten et al., 1999; Werner, 1993;
Wyman et al., 1992). Because chronic adversity often takes a toll on the relationship
between parents and children, supportive relationships with substitute caregivers
(e.g., a grandparent, older sibling, or adult outside of the immediate family) have
also been implicated in emergent resilience (Conger & Conger, 2002; Flores,
Cicchetti, & Rogosch, 2005; Rutter, 1979; Werner, 1995).

8.1.5.2 Personal Qualities, Cognitive Skills, and Emotion

Several individual characteristics have been tied to emergent resilient outcomes.
Personal qualities including self-esteem and positive self-image have been associ-
ated with resilience in the context of childhood adversity (Cicchetti & Rogosch,
1997; DuMont & Provost, 1999; Flores et al., 2005; Werner, 1995; Wyman et al.,
1992). In the cognitive domain, higher intelligence (Masten et al., 1999) as well as
better-developed readings skills (Werner, 1993) and problem-solving abilities
(DuMont & Provost, 1999; Werner, 1995) have also characterized individuals who
demonstrated emergent resilience. In addition, patterns of emotion have similarly
been associated with psychological adjustment and functioning in the presence of
chronic adversity (Werner & Smith, 1982; Cicchetti & Rogosch, 2009; Cicchetti,
Rogosch, Lynch, & Holt, 1993).

8.1.5.3 Flexibility

Another class of predictors relevant to emergent resilience is flexibility in cognitive
processes and emotion regulation (Cicchetti & Rogosch, 1997; Flores et al., 2005).
In a longitudinal study of Palestinian children exposed to potential trauma during
and after the First Intifada period, results revealed that cognitive flexibility was
unrelated to psychological adjustment when traumatic exposure was at its highest
level and instead served as a long-term buffer (Qouta, El-Sarraj, & Punamiki,
2001). Among children who experienced the highest levels of exposure, greater
cognitive flexibility predicted healthier psychological adjustment 3 years later. The
construct of flexibility will be discussed further in the section on predictors of
minimal-impact resilience.
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8.1.5.4 Genes

Research on gene-by-environment interactions in the context of chronic adversity
has continued to expand in recent years (Nugent et al., 2011), and thus far, several
gene polymorphisms have been linked to emergent resilient outcomes. More spe-
cifically, previous research has demonstrated that variation in the serotonin trans-
porter gene (5-HTTLPR), oxytocin (OXTR) and dopamine (DRD4-521C/T)
receptor genes, and the corticotropin-releasing hormone receptor gene (CRHR1)
moderated the effects of childhood maltreatment in individuals who exhibited pat-
terns of emergent resilience (Cicchetti & Rogosch, 2012).

8.1.6 Predictors of Minimal-Impact Resilience
8.1.6.1 Demographics

A host of demographic variables have been examined in previous investigations
with age, gender, and race/ethnicity most frequently referenced as predictors of
minimal-impact resilience.

In terms of age, relevant predictive effects exist at both early and late stages of life.
Younger children were less likely to exhibit a minimal-impact resilience trajectory
than older children when contending with a traumatic injury (Le Brocque et al., 2010)
and experienced greater psychology difficulty than adults following exposure to a
disaster (Norris et al., 2002). Older adults, in turn, demonstrated higher initial levels
of distress in the presence of disasters; however, they ultimately evinced fewer long-
term psychological difficulties than younger adults (Huerta & Horton, 1978; Kato,
Asukai, Miyake, Minakawa, & Nishiyama, 1996; Knight, Gatz, Heller, & Bengtson,
2000) and maintained a higher probability of displaying the minimal-impact resil-
ience trajectory upon exposure to terrorist attack and spousal loss (Bonanno, Galea,
et al., 2007; Mancini et al., 2011). For its part as a predictor of minimal-impact resil-
ience, gender appears to exert a small but reliable effect in both developmental and
adult populations (Ahern, Galea, Resnick, & Vlahov, 2004; Bonanno et al., 2008;
Bonanno, Galea, et al., 2007; Carr et al., 1997a, b; Hoven et al., 2005; Galea, Tracy,
Norris, & Coffey, 2008; Vernberg, La Greca, Silverman, & Prinstein, 1996; Weems
et al., 2010). By contrast, evidence for the predictive utility of race and ethnicity
remains limited as a result of issues arising from a lack of data, racially or ethnically
homogenous samples, or the presence of other confounding variables.

8.1.6.2 Social and Economic Resources
Numerous studies point to the existence of a relationship between social resources

and post-PTE psychological adjustment (Brewin, Andrews, & Valentine, 2000;
Kaniansty & Norris, 2009; LaGreca, Silverman, Vernberg, & Prinstein, 1996). In this
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regard, prior work has reported that the availability of social support and the perceived
quality of this support were uniquely associated with trajectories of minimal-impact
resilience following disasters (Bonanno, Galea, et al., 2007; Bonanno et al., 2008).
Interestingly, prospective bereavement research found that instrumental support from
family and friends (e.g., assistance with domestic or familial responsibilities) pre-
dicted minimal-impact resilient outcomes, whereas social support appeared to be less
essential in buffering against the experience of loss (Bonanno et al., 2002).

While prior work supports an association between the availability of economic
resources and better psychological adjustment following exposure to PTEs, this
relationship has not been found in relation to trajectories of resilience (Bonanno
et al., 2005; Bonanno, Galea, et al., 2007). However, the loss of resources can often
be a stressor or consequence that occurs after a PTE as part of distal exposure.
Previous studies have demonstrated that individuals who incurred a loss of income
following the onset of aversive circumstances were less likely to exhibit the minimal-
impact resilience trajectory (Bonanno, Galea, et al., 2007; Mancini et al., 2011).

8.1.6.3 Personality

While both cross-sectional and prospective studies have tested personality predic-
tors of minimal-impact resilience, the most compelling evidence comes from prior
prospective work as the assessment of personality prior to the onset of adversity
addresses potential issues related to directionality (Bonanno & Mancini, 2008) and
the malleability of personality depending on situational or environmental factors
(McCrae et al., 2000). When measured prior to PTE exposure, low negative affectiv-
ity (Weems et al., 2007), high trait self-enhancement (Gupta & Bonanno, 2010), and
a less ruminative response style (Nolen-Hoeksema & Morrow, 1991) predicted bet-
ter post-PTE psychological adjustment. Similar findings were observed in relation
to pre-event perceived control (Ullman & Newcomb, 1999) and trait resilience
(Ong, Fuller-Rowell, & Bonanno, 2010. Several studies have also directly linked
personality with the minimal-impact resilience trajectory. Quale and Schanke
(2010) assessed trait coping self-efficacy, trait positive affectivity, and trait negative
affectivity shortly after a traumatic injury occurred, and though the study was not
truly prospective, each trait was associated with the minimal-impact resilience tra-
jectory. Further, in a prospective study of responses to heart attack, levels of pre-
event optimism obtained several years prior to the onset of a first heart attack
predicted a trajectory of consistently low depression symptoms indicative of
minimal-impact resilience (Galatzer-Levy & Bonanno, 2014).
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8.1.6.4 Exposure

A higher degree of proximal exposure to stressors and consequences arising during
the period in which a PTE occurs has been associated with increased posttraumatic
stress in children (LaGreca et al., 1996) and adults (Bonanno et al., 2005; Nolen-
Hoeksema & Morrow, 1991) as well as reduced prevalence rates of the minimal-
impact resilience trajectory across both age groups (Bonanno et al., 2005, Bonanno,
Galea, Bucciarelli, & Vlahov, 2006; Le Brocque et al., 2010). That said, the impact
of exposure on rates of resilience is relatively small. For example, prospective stud-
ies of PTSD symptom trajectories in soldiers deployed for combat have consistently
reported prevalence rates of minimal-impact resilience in upwards of 80% of their
samples (Berntsen et al., 2012; Bonanno, Mancini, et al., 2012). A comparison of
PTSD symptom trajectories between soldiers with and without significant combat
exposure demonstrated that despite a modest reduction in minimal-impact resil-
ience outcomes for those with significant combat exposure, rates of resilience
remained over 80% in the exposed group (Donoho, Bonanno, Porter, Kearney, &
Powell, 2017).

8.1.6.5 Past and Present Stress

A number of studies have illustrated that prior exposure to potential trauma and the
presence of current life stress confers greater risk for PTSD (Brewin et al., 2000)
and reduces the odds of minimal-impact resilient outcomes following PTEs
(Bonanno, Galea, et al., 2007). However, the evidence is equivocal given that much
of the prior work has employed retrospective measures. Although prospective data
is relatively rare, Breslau, Peterson, and Schultz (2008) found that prior exposure to
PTEs did not necessarily increase risk; instead, only PTEs that precipitated the
development of PTSD predicted psychological adjustment upon subsequent expo-
sure. While it seems plausible that the converse could similarly be inferred, it
remains unclear whether a previous display of minimal-impact resilience following
exposure to PTEs would then predict subsequent resilience.

8.1.6.6 Positive Emotion

The salutary effects of positive emotions extend across multiple contexts
(Lyubomirsky, King, & Diener, 2005; Seligman & Csikszentmihalyi, 2000), and
these benefits often manifest themselves most prominently in the presence of adver-
sity (Bonanno, 2004, 2005; Moskowitz, Folkman, & Acree, 2003; Ong, Bergeman,
& Chow, 2010). One prospective bereavement study reported that positive emotions
mediated the relationship between spousal loss and alterations in diurnal cortisol
response (Ong, Fuller-Rowell, Bonanno, & Almeida, 2011). Two separate prospec-
tive studies of 9/11 have likewise illustrated the link between positive emotion and
psychological adaptation. In the first study, college students who expressed genuine
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smiles during a monologue about their life after the terrorist attacks following a sad-
ness induction evinced better psychological adjustment 2 years later. In the second
investigation, self-reported positive emotions mediated the relationships between
pre-event ego resilience and post-event depression (Fredrickson, Tugade, Waugh, &
Larkin, 2003). Recent work on trait emotion has complemented these findings by
establishing that trait positive emotion functions as a prospective buffer of post-
event distress with the protective effect becoming increasingly pronounced at the
highest levels of exposure (Long & Bonanno, 2017).

8.1.6.7 Appraisal and Coping

Any highly aversive event may be appraised in many ways, and the nature of the
interpretation can predict minimal-impact resilient outcomes (Lazarus & Folkman,
1984). The appraisal of a PTE as threatening or harmful (i.e., a threat appraisal) or as
an opportunity for growth or mastery (i.e., a challenge appraisal; Ferguson, Matthews,
& Cox, 1999) influences the ensuing psychological responses. Longitudinal studies
of spinal cord injury found that patients who made threat appraisals experienced
higher anxiety over time (Kennedy, Lude, Efstrom, & Smithson, 2011). Yet, patients
who interpreted their spinal cord injury as a challenge to be met rather than exclu-
sively as a threat experienced lower levels of depression. Consistent with this pattern,
spinal cord injury patients who exhibited the minimal-impact resilience trajectory
tended to form challenge appraisals as opposed to threat appraisals (Bonanno,
Kennedy, Galatzer-Levy, Lude, & Elfstrom, 2012). A related factor that has been
associated with long-term outcomes following PTEs is coping strategy (e.g., Nezu &
Carnevale, 1987; Buckelew et al., 1990; Frank et al., 1987; Elfstrom, Kennedy, Lude,
& Taylor, 2007; Kennedy et al., 2000). For example, resilient spinal cord patients
were characterized by a proclivity towards more adaptive coping strategies involving
acceptance or a “fighting spirit” rather than those related to social reliance or behav-
ioral disengagement (Bonanno, Kennedy, et al., 2012).

8.1.6.8 Flexibility

The final category of predictors encompasses flexibility in self-regulation (Bonanno,
2005; Cheng, 2001; Kashdan & Rottenberg, 2010). This type of flexibility is of
particular importance given that the characteristics and features of highly aversive
events vary significantly as do the behaviors and strategies that may be most useful
in these circumstances. Accordingly, regulatory flexibility refers to one’s ability to
adequately assess situational demands, to employ many different behaviors or strat-
egies, and to make adjustments as the optimal strategies for a given situation change
over time (Bonanno & Burton, 2013).

Coping flexibility has routinely emerged as factor that influences minimal-impact
resilient outcomes. Though coping strategies are frequently labeled as either adaptive
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or maladaptive in the literature, the success of coping efforts primarily stems from
whether or not the selected strategy is the best fit for the characteristics and demands
of a situation (Aspinwall & Taylor, 1997; Block, 1993; Lazarus & Folkman, 1984).
Bonanno et al. (2011) examined psychological responses to terrorist violence in a
sample of Israeli college students and found that low coping flexibility was associated
with higher posttraumatic stress at elevated levels of exposure, whereas high coping
flexibility corresponded to relatively minimal changes in posttraumatic stress across
levels of exposure (Bonanno et al., 2011). In a comparable study of PTEs in American
college students, individuals exhibiting the minimal-impact resilience trajectory were
more likely to use optimistic coping strategies geared towards maintaining normal
goals and plans rather than strategies centered on interrupting normal activities to
focus on the potential trauma (Galatzer-Levy, Burton, & Bonanno, 2012).

Expressive flexibility serves as another predictor of resilient outcomes (Bonanno,
2001; Consedine, Magai, & Bonanno, 2002; Gupta & Bonanno, 2011, Gross, 1999).
Bonanno et al. (2004) first operationalized expressive flexibility as the capacity for
enhancing and suppressing emotional facial expressions based on situational
demands using a within-subjects paradigm. In a sample of New York City under-
graduates who had entered college just prior to the 9/11 terrorist attacks, higher
expressive flexibility (i.e., a greater ability to both up- and downregulate emotional
expression) predicted lower psychological distress 2 years later. Follow-up studies
that tracked this group of participants over extended periods of time provided con-
vergent findings. One such study reported that expressive flexibility was similarly
associated with a minimal-impact resilience trajectory of stable, low distress
(Burton, Galatzer-Levy, & Bonanno, 2012). In another follow-up study, participants
who demonstrated greater expressive flexibility in the presence of a subliminal
threat prime evidenced better health and well-being as rated by their close friends
(Westphal, Seivert, & Bonanno, 2010).

8.1.6.9 Genes

Research on the relationship between genetic variation and resilient outcomes in the
presence of acute adversity is nascent. Presently, our lab is working on a new area
of research examining single nucleotide polymorphisms in individuals who demon-
strate the minimal-impact resilience trajectory following PTEs to determine whether
genetic variation differentiates resilience from other response trajectories.

8.1.7 Conclusion

Even in the most challenging and aversive of circumstances, people carry on.
Research on the human capacity for psychological resilience in the face of potential
trauma and adversity has grown exponentially in the last decade. In order to guide
future research and theory on psychological resilience, we present an integrative
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framework that conceptualizes the construct as a process comprising four temporal
elements: baseline or pre-adversity adjustment, aversive circumstances, post-
adversity resilient outcomes, and predictors of resilient outcomes. By highlighting
both areas of existing knowledge and avenues worthy of further pursuit, our integra-
tive temporal framework weaves together perspectives from multiple disciplines
and sets the stage for the next phase of research on psychological resilience.
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Chapter 9
Conclusions and Panel Discussion

Jennie G. Noll and Idan Shalev

The chapters included in this volume represent the bulk of the proceedings from
“New Frontiers in the Biology of Stress, Maltreatment and Trauma: Opportunities
for translation, resilience and reversibility,” held from September 30 to October 1,
2015. Li and Danese focus on Biological Embedding of Child Maltreatment through
Inflammation. This chapter provides an overview of the role of inflammation as a
key mediator in explaining the link between childhood adversity and risk of psycho-
pathology, with a specific focus on the effects of childhood maltreatment on depres-
sion. The authors conclude with the possibility of targeting the inflammatory system
in depressed individuals with a history of childhood adversity by using anti-inflam-
matory drugs.

Heim discusses the Psychobiological Consequences of Child Maltreatment. This
chapter describes results implicating the nervous, immune, glucocorticoid, and oxy-
tocin systems, as well as physical changes in the brain as key mediators and/or
outcomes of early life adversity. The role of genetics and epigenetics in moderating
and mediating these processes, respectively, is also discussed. The author concludes
with a call for mechanism-informed interventions for survivors of child abuse by
targeting specific biomarkers and physiological systems and by employing longitu-
dinal prospective designs.

Ellis’s chapter, Toward an Adaptation-Based Approach to Resilience, provides a
novel perspective on resiliency in the face of early adversity. Ellis presents an
adaptation-based approach, incorporating a developmental programming framework,
to better understand and explain why some individuals thrive while others struggle
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when exposed to harsh environments. This perspective offers a different approach by
defining the stress-induced changes as ‘“‘specialization,” that is, a developmental
adaptation that enhances the survival of individuals in an ecologically relevant envi-
ronment. Ellis further discusses the tradeoffs that are inherent in this approach and
offers a new look for designing and thinking about education, policy, and interven-
tion studies for children who grow up in harsh environments.

Rock, Geier, Noll, and De Bellis address the role of Brain Development in
Maltreated Children With and Without PTSD. This chapter summarizes key neurobio-
logical findings in maltreated children, focusing on developmental effects, sex differ-
ences, cognitive skills, and the development of post-traumatic stress disorder (PTSD)
among affected children. The authors highlight the advantageous perspective of con-
sidering the effects of maltreatment when treating survivors of childhood trauma as
well as considering individual differences in devising new treatment strategies.

Herringa discusses the topic of Childhood Maltreatment and Pediatric PTSD:
Abnormalities in threat neural circuitry. This chapter elaborates on the effects of
childhood maltreatment and PTSD, with an emphasis on functional brain abnor-
malities such as threat processing. Herringa proposes an adaptive model wherein
childhood maltreatment leads to heightened reactivity in the amygdala, which helps
to fine-tune threat processing, and thus enables the child to survive in harsh condi-
tions. The author further discusses other brain regulatory systems related to mal-
adaptive outcomes among survivors of child maltreatment and how delineating
neurobiological mechanisms can advance prevention and intervention studies.

Altamirano, Basile, and Carrion present the topic of Pediatric Posttraumatic
Stress, incorporating behavioral, emotional, anatomical, and biological aspects.
This chapter further elucidates treatment options for survivors, highlighting indi-
vidual therapies as well as large-scale preventive interventions such as yoga and
mindfulness curricula at schools. The authors’ aim is to implement evidence-based
research for pediatric PTSD treatment that could inform policy changes.

Bouvette-Turcot, Meaney, and O’Donnell discuss Epigenetics and Early Life
Adversity: Current Evidence and Considerations for Epigenetic Studies in the
Context of Child Maltreatment. This chapter considers the importance of epigenetic
processes in the context of early life adversity. The authors describe the mechanisms
by which epigenetics can leave a fingerprint that can result in an enduring phenotype
of dysfunctional physiological and neurobiological function. Both pre-clinical and
clinical studies are discussed, along with important methodological considerations.
The authors conclude that further in-depth research is needed to advance our under-
standing of epigenetic processes before they can be implemented in clinical studies.

Long and Bonano describe An Integrative Temporal Framework for Psychological
Resilience. This concluding chapter extends upon previous models of resiliency and
provides a new conceptual framework. The authors highlight four temporally related
elements, how they unfold over time, and their essential roles in adaptive function-
ing in the face of trauma. The authors further provide predictors of emergent resil-
ience, including caregiver—child relationships, cognitive skills and emotions,
flexibility, and genes. The framework presented in the chapter sets the stage for
further research on resilience for survivors of early trauma.
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The final session of the conference included an open discussion in which audi-
ence members were encouraged to ask questions of the distinguished panel. The
focus of the panel discussion was not to glean clarification of the research pre-
sented—there was ample time to do that at the end of each talk—but rather to ask
the panel about the next essential steps in the progression of this science and to
provide advice for the next generation of scientists in this area. The group was
charged with identifying the essential “stepping stones” to rapid progression of
ideas and collaborative efforts that had not yet been fully realized until this unique
group was brought together. Most of those who presented their work at the confer-
ence have produced chapters for this volume. However, several individuals were
unable to contribute a chapter (Appendix A includes the conference agenda). The
discussion excerpted herewith includes both presenters who contributed chapters
and those who did not. Out of respect for each scholar, the names of those who
responded to questions are not published in this panel discussion. Instead, the tenor
and each question and its answer are summarized so as to protect the identity of
those who asked questions as well as those who responded. In cases in which sev-
eral individuals responded to questions, P1, P2, P3,...PX correspond to sequential
responses in the order delivered and do not necessarily denote differing individuals.
It should also be noted that the following questions and answers were edited to be
succinct summaries of transcripts and represent the basic points that were conveyed
in the panel discussion. These summaries are the interpretations of the authors of
this chapter and are not meant to reflect word-for-word quotations of speakers.

Question 1: Are there community-based interventions that are designed to
mitigate the impact of stress on child development?

Answer. P1: There is work funded by the Institute for Educational Sciences
addressing achievement disparities in this country, especially for highly mobile chil-
dren where it might be very difficult to intervene with a strategy that requires
12 months or 2 years of intervention. The most important thing for families in a
shelter environment is to stabilize their environment in good quality housing with
good quality care available for their children. In collaboration with shelters over
time, we can create early childhood programs that are very accessible for these
highly mobile families—something that other programs like Head Start cannot
accommodate. What is needed is a practical program that can be implemented in a
short period of time, such as Tools of the Mind (Bodrova & Leong, 2007). Tools of
the Mind is an intervention for child development with a particular focus on execu-
tive function skills delivered in short-term boosts to facilitate “top-down” control
skills. The intervention has been developed with several strategies in mind. One
strategy is to include the intervention in classrooms for 3—5-year-olds to provide
children a “boost” before they enter regular preschool or kindergarten programs. The
approach trains teachers to tweak regular classroom activities to enhance the reflec-
tion training and practice of cognitive flexibility. There is also a family component to
basically educate parents about little things they can do every day to help their chil-
dren practice some of these self-control skills. Also, the connection between stress
and sleep regulation is becoming increasingly important to understand within the
context of these types of interventions. Hence, it will be exciting to be able to mea-
sure change in the biological processes that have been discussed at this conference.
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Question 2: Can you say a bit more about regulatory flexibility being
adaptive?

Answer. P1: Flexibility is adaptive not because one can do multiple things, but
because one can do different things. You might develop a propensity toward a cer-
tain strategy because you’re good at it or because you’re adapting to your environ-
ment. But the question is, “Can you not use that strategy in another situation?” For
example, if you grow up in a hostile environment and then are removed from that
environment, can you readapt? Feedback is another piece of flexibility. If you get
the feedback that something is not working, can you switch, or are you too rigid?
We need to be able to measure people’s behavior in situations—not simply self-
report measures—because you get a lot more complexity.

P2: Even if our interventions are designed to promote adaptation in one context,
how do we know that those skills won’t be maladaptive in another context? For
example, for very disadvantaged children, we want them to succeed in a regular
school context where a completely different set of skills is required than what is
required in chaotic home or neighborhood environments. Naturally occurring adap-
tation, perhaps being as comfortable on the street as in the school environment,
requires a lot of flexibility because not everything we might want a kid to do in a
middle-class school environment is going to work out for them on dangerous streets.

P3: Then there is the notion of “early inoculation,” or experience with mild
stressors preparing one for being able to adapt. Some of the primate work suggests
that certain types of preparations for upcoming stressors, like early experience with
separation when it’s going to be permanent later on, can help the young primate deal
with that eventual loss. But timing seems to be crucial. The same experience that
can have long-term inoculating effects may actually have long-term adverse conse-
quences if introduced at the wrong developmental point. Do we know anything
more about the rules that govern these types of inoculation, and how would we
come to better understand those processes? What about overprotecting children?

Kids need practice in dealing with things on their own. For example, they need
to learn how to fall safely if they’re learning to ice skate. Experiencing separations
like having babysitters or going off to daycare will help prepare a child to go off to
school. There’s also a whole different literature on preparing children for antici-
pated stressors: e.g., at what age can you really prepare a child for the separations
of hospitalization, or medical treatments, and that sort of thing? You know, there are
some things you can do cognitively, but children need to have some practice. But
from every study I’ve ever looked at, the response to stressors looks very nonlinear.
It looks like some challenges, some stressors, are positive, but then you move rap-
idly into a counterproductive phase. I assume it’s developmentally very sensitive,
just the way we know that it is in primates with separation and as we know it is with
things like developing protection from asthma. It matters when you’re exposed to
microorganisms: if you’re exposed late, the same microorganisms can trigger really
bad reactions; if you’re exposed early, it can develop a stronger immune system.

Question 3: Coming from an animal and genetics background do you think
that maybe we’re measuring children too far apart, that measurement is not
necessarily getting at these processes for adolescents who are at risk or are in
family systems where you can’t necessarily get the history through the par-
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ents? What do you think can be done to help better capture these dynamic
processes?

Answer. P1: Examining data right after an event, and at very proximal time
points, you may still be able to model the same parameters as more rapid and even
longer term effects. We did, for example, a spinal cord injury study, and to ascertain
what happens right after the injury, we see fairly recognizable patterns. But we need
to remember, since everything we measure has error, if you get finer, and finer, and
finer, you’re just getting more error, which will need to be modeled. It may be best
to have very proximal data and go from there.

P2: Our measurement timeframes need to fit with the processes and change that
we’re trying to capture. There are some things that, if you measure it too quickly,
you can’t get a sense of the directionality because everything is embedded in covari-
ation. If you take too long, you miss all the in-between processes and cascades. The
situation, for example, of people living in an emergency shelter provides a very
unique opportunity to look very closely at some of the processes of change—day-
to-day or even moment-to-moment—providing some important opportunities to
watch and understand adaptation as it’s unfolding.

P3: Depending on what the topic is, there are also modal points that are very
important to capture. For example, when researching how people react to getting
cancer, there are clear points of change, and we have to know what those points are
and get data around those particular points. And so depending on what the topic is,
whether it’s life in a shelter or a traumatic incident, there typically modal points that
are theoretically (or developmentally) important to describe in addition to those
most proximal to the event.

Question 4: While it seems that flexibility is certainly important, do you also
agree that stability is important, or the ability to predict or have an expectation
about the future? For example, there is some work showing that plasticity
might be extremely useful in limited developmental periods but detrimental if
constant.

Answer. P1: You can think about curvilinear relationships: being so flexible that
you change at a whim. Context sensitivity, for example, assumes that one is reading
the context accurately, figuring out what is needed, and then adjusting to that need.

P2: This may be just another general reflection on flexibility. One of the most
powerful ways that parents regulate the lives of kids is to read the environment and
then adjust; parents adjust their behavior in many ways, even to impending danger,
for example. If you take a warm, permissive parent and move that parent into a
dangerous environment like the inner city of Chicago, that parent will shift strate-
gies to protect the well-being of her children. She will become extremely strict, for
example, while maintaining the warmth that provides access and emotional
stability.

Question 5: How can the findings presented here be shared? How do we
engage the community, both survivors and those who are advocating for
survivors?

Answer. P1: Special dissemination events can be organized, perhaps by the
funding agencies that could involve politicians, advocacy groups, and even victims.
If these key stakeholders could be allocated time to speak about how the research
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informed public health policies and clinical care, this could allow conversations
about how we could bring common research together with the expectations of advo-
cacy groups.

P2: An often-quoted line is that you are not really a scientist unless you can com-
municate your findings to the public (Babbie, 2007). But that’s really become more
of an uphill battle because of the immensity of the media.

P3: There is a real concern, on the part of very good neuroscientists, about how
neuroscience is being perceived in much of the public discourse as giving simple,
deterministic answers to complicated issues. There is a “dumbing down” and having
conceptions (or misconceptions) maintained because journalists wanted sound
bites. We need to get out of that habit. There is no readily available answer except
to better educate those who are conducting the interviews and making sure that sci-
ence is being given its due without dumbing it down.

P3: The question is really, “To whom are you communicating?” If you’re com-
municating to politicians, for example, they may be driven by ideology and are not
interested in the evidence base. We need to strive to educate politicians about
evidence-based decision-making, perhaps bringing in the economics of the argu-
ment. If you're disseminating for the sake of communication, then you want to be
understood. If you’re disseminating for the sake of change, then you need to know
who are the best agents of change and how do you work with them in partnership.
Patient groups often turn out to be the best agent of change.

P4: If we can appeal based on health care cost and other public costs, that will
also be helpful in imploring change.

P5: You need a really great and compelling story that grabs people. And you have
to wrap it in stories, not just data, graphs, and slides, as these things just go into the
vapor. You have to grab people at the level of emotions on the stories, and you have
to have a compelling message. So, as a field, we need to really work with marketing
and advertising people to deliver a potentially profound message.

P6: This is an extremely important issue and question and is one of the most
compelling reasons a resilience framework makes sense. Although it’s inherently a
risk and resilience framework, communicating the goals of the work, recruiting
participants, and communicating the message is very different when it’s within the
framework of trying to understand how adversity affects the lives of children and
what we can do about it to promote healthier outcomes.

We also need to learn how to communicate—to get trained in how to communi-
cate and to practice doing so. We need to practice getting the message right and
understanding the goal of your talk and who the audience is. We need to get over the
assumption that we should not talk to the press because “they always get it wrong”
or they “misquote.” What we need is formal training on how to package our ideas
and talk to the media. We also underestimate how much our data can speak if we
package them in compelling ways. For example, things may look hopeless if you
just present averages, but when you show the individual variation, that lots of kids
are actually doing well, and there are ways to improve kids’ well-being, this is what
is compelling. The people in this room (and at this conference) need to be commu-
nicating with each other, because otherwise it will all be filtered through ambassa-
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dors who may not represent the best of our science. We don’t want others to speak
for us. It is vitally important that we take on that task of communicating with our
participants, our legislatures, and the press.

Question 6: What is the next essential step in this science; in the transla-
tion—particularly at glucocorticoid receptor or the molecular level—to the
level of the person or the child, to the family or the community?

P1: It will be extremely important that we have multiple levels of consideration
requiring multidisciplinary teams. We need venues for collaboration, like this con-
ference, to understand how these things work independently and together. One of
the most important next steps will be to mobilize the funders and funding to do the
kind of research that has been presented here.

P2: Many of us face methodological or analytical issues when trying to collect
longitudinal data representing multiple levels of analysis, everything from the
genomic level up to societal levels or community levels and everything in between.
While we are pretty good at analyzing data within a single level of analysis, we’re
not very good at crossing levels. We don’t know the rules, for example, of how to
model the relationship between changes in glucocorticoid expression, cortisol out-
put, and emotional reactivity in a sensible way over time. In many cases, you're
collecting the data on different time scales, representing differing degrees of preci-
sion. The whole issue of causality gets muddled even if you have longitudinal data
because there are external events that can cause changes in gene methylation or
expression, which in turn feeds back up to biological processes. So the question of,
“what causes what” in the traditional way won’t work. We need a new set of rules,
a new set of guidelines, and some standards by which we can understand relation-
ships between events or measures between one level of analysis and another. And
then how do we test the efficacy of those models?

P3: We live on a planet where political conflict and climate change have forced
people to come together to understand what happens in these crises and to think
ahead about preparing for disaster. It has been illuminating to watch these processes
when people from very different levels of analysis try to figure out what should be
done. We have lots of issues facing us that require more integrated approaches across
levels. Some of the folks at other levels or other fields like ecology have some inter-
esting statistical modeling strategies for the behavior of dynamic systems that are
complex. There have been some gains in these fields that perhaps we can learn from.

P4: Many scientists in this area are torn between two different directions. One is
that we look at the sense of exposure period for risk. For example in some of our
analyses, 14 years of age seems to be a very critical spot in that both males and
females who experience maltreatment at that age have the most predictive response
for showing or developing major depression later on in life. But this comes from
pooling cross-sectional research together. An obvious choice is to conduct the defin-
itive longitudinal study to target specific periods of risk and malleability—neuro-
biologically, molecularly, and clinically. The other is the strong emphasis on the
distinction between psychiatric conditions with and without maltreatment, which
we call the “ecophenotype.” We need to be more persuasive in this argument, and
we need additional data that would allow us to parse out psychiatric diagnosis from
maltreatment, and vice versa.
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PS: Wouldn’t it be great to turn to pediatricians and say, “Here’s a test that you
can use at the level of the individual child to see whether the adversity that you
know has occurred has had an impact that is predictive of a particular outcome,” and
have it be deliverable and usable within their clinical practice? And then to deal with
the issues of comorbidities in pediatric settings? These comorbidities probably have
a common origin but are interfacing.

P6: And we get asked all the time, “How can we find an objective diagnostic test
to verify experiences?” In order to be definitive, we need to do a better job to estab-
lish causality because most of the research in this area is cross-sectional, especially
when we study adults and long-term consequences. We may need to combine large-
scale longitudinal cohorts because we cannot start at zero and go until 80 years. We
may need to capitalize on what we have already established to answer new
questions.

Reversibility is also very important. Many of the biological systems that we
think are changed by early adversity could be modified or counteracted. We should
not be afraid to also explore novel pharmacological ways to reach the consequences
of child maltreatment. For example, one of the talks in this conference showed that
FK506 Binding Protein 5 (FKBPS) is one target that could be modified or blocked
to normalize glucocorticoid regulation. Animal models can also be informed by
human research findings to answer such questions and help in establishing
causality.

P7: We should also be thinking about how to work with practitioners to more
fully understand how interventions work. If we understand how they work, we
might be able to then understand how we can modify them to make them work bet-
ter for more people.

P8: We should all be moving toward understanding the casual mechanisms asso-
ciated with the impact of maltreatment of children. A recent article in Nature show-
cased why interdisciplinary research matters and how funding agencies don’t really
understand because they are supportive of only one discipline. We really need to
combine forces, combine different expertise, to see advancements that will come
from new technologies.

P9: In another sense, multidisciplinary doesn’t necessarily mean multilevel per
se. In other words, “How does the field of child maltreatment grow with the field of
stress, with the field of aging, with the field of obesity?” How do different fields
grow together, to inform each other’s science?

Question 7: What is the best intervention that’s never been tested?

Answer. P1: Rough play, as a kind of inoculation. I'm sort of piggybacking on
Tremblay’s (Paquette, Carbonneau, Dubeau, Bigras, & Tremblay, 2003) work, but
interactive highly social vigorous physical play.

P3: Like reintroducing recess. Get kids playing more.

P4: We should develop a study to understand how children from high-adversity
contexts become good at learning, memory, reasoning, problems solving, etc. Then
use this information to leverage better interventions.

PS: There is some good evidence beginning to emerge that things like play and
exercise could be very valuable and have an impact on plasticity.
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Question 8: What is your advice or charge to the next generation of
scientists?

Answer. P1: Be ready to train kids from the very beginning to be interested in
interdisciplinary research.

P2: Study individual differences.

P3: Embrace the new technologies. Be very proficient in the area of big data and
big data analytics.

P4: Break down silos. Perhaps to begin the breakdown is to get rid of the concept
of stress altogether. We should be talking about adversities, individual differences,
and reversibility.

P5: Don’t be afraid to think outside of the box. The only way we can make real
progress is to not repeat what has been done before. Be creative. And be integrative,
talk to people, and go to conferences like this one.

Appendix A: New Frontiers in the Biology of Stress,
Maltreatment, and Trauma: Opportunities for Translation,
Resilience, and Reversibility

Conference Agenda

Day 1: Wednesday, September 30

8:30-8:35 a.m. Call to Order

8:35-8:55 a.m. Introductory Remarks

Network Director Jennie Noll, Ph.D., Penn State.
President Eric Barron, Ph.D., Penn State

Session I Endocrinology and Immunology

Integrative speaker: Christine Heim, Ph.D.

Moderator: Idan Shalev, Ph.D., Penn State

9:00-9:35 a.m. Andrea Danese, M.D., Ph.D., King’s College London

9:35-10:10 a.m. | Hannah Schreier, Ph.D., Penn State

10:10-10:45 a.m. | Bruce Ellis, Ph.D., University of Arizona

10:45-11:00 a.m. | Coffee Break

11:00-11:45 a.m. | Christine Heim, Ph.D., Penn State and Charité Universititsmedizin Berlin
11:45 a.m.—Noon | Open Discussion

Noon—1:00 p.m. | Lunch

Session 11 Brain Development

Integrative speaker: Martin Teicher, M.D., Ph.D.

Moderator: Carlo Panlilio, Ph.D., Penn State

1:00-1:35 p.m. Michael De Bellis, M.D., Ph.D., Duke University

1:35-2:10 p.m. Ryan Herringa, M.D., Ph.D., University of Wisconsin

2:10-2:45 p.m. Victor Carriéon, M.D., Stanford University

2:45-3:30 p.m. Martin Teicher, M.D., Ph.D., McLean Hospital and Harvard Medical School
3:30-3:45 p.m. Open Discussion

(continued)
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Day 2: Thursday, October 1

8:30-8:35 a.m. Introductory Remarks

Network Director Jennie Noll, Ph.D., Penn State.
Session 111 Genomics

Integrative speaker: Michael Meaney, Ph.D.
Moderator: Chad Shenk, Ph.D., Penn State
8:35-9:10 a.m. Kieran O’Donnell, Ph.D., McGill University
9:10-9:45 a.m. Bekh Bradley-Davino, Ph.D., Emory University and Atlanta VAMC
9:45-10:20 a.m. |Idan Shalev, Ph.D., Penn State

10:20-10:30 a.m. | Coffee Break

10:30-11:15 a.m. | Michael Meaney, Ph.D., McGill University
11:15-11:30 a.m. | Open Discussion

11:30-12:30 p.m. | Lunch

Session IV Resilience and Reversibility

Moderator: Jennie Noll, Ph.D., Penn State
12:30-1:15 p.m. | Ann Masten, Ph.D., University of Minnesota
1:15-2:00 p.m. George Bonanno, Ph.D., Columbia University
2:00-2:45 p.m. Stephen Suomi, Ph.D., NICHD

2:45-3:00 p.m. Questions and Open Discussion

Session V Opportunities for Translation Panel Discussion
Moderator: Jennie Noll, Ph.D., Penn State

3:00-3:45 p.m. Integrative Speakers, plus session attendees, will convene in front of the
conference audience to field questions, facilitate conversation, and enhance
discussion

3:45-3:50 p.m. Closing Remarks (Jennie Noll, Ph.D.)
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