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Abstract

Neurobiological systems may be particularly susceptible to deleterious impact of childhood 

trauma, and the impact of childhood trauma on development and subsequent functional outcomes 

across the lifespan has been well-documented. The current review addresses the neurobiological 

impact of exposure to interpersonal trauma in childhood in the context of executive function, 

emotion regulation, and dissociation/interoceptive awareness. Subsequent risk for PTSD and 

depression is also discussed. The pathway of risk from childhood trauma to these cognitive, 

emotional, and psychiatric outcomes is addressed in terms of potential structural and functional 

alterations within the hippocampus, prefrontal cortex, and amygdala resulting from chronic or 

repeated activation of the hypothalamic-pituitary-adrenal (HPA) axis and its interaction with and 

influence on genetic and epigenetic processes during sensitive periods of development. 

Implications for practice are discussed.
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Neurobiological Development in the Context of Childhood Adversity

A robust body of research demonstrates that prolonged or repeated exposure to stress and 

trauma can have serious negative consequences for physical and mental health 

(Schneiderman, Ironson, & Siegel, 2005), particularly when stress is experienced early in 
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development (Lupien, Ouellet-Morin, Herba, Juster, & McEwen, 2016). A clear dose-

response relationship exists between exposure to stress or trauma in early life and risk for 

psychiatric morbidity over the lifespan, including for posttraumatic stress disorder (PTSD) 

and depression (Norman et al., 2012). This facilitation of risk may be partly the result of 

cascading neurobiological changes over the course of development which influence 

neurocognitive and emotion regulation abilities and ultimately interfere with adaptive stress 

responses to future stressful events (Teicher, Samson, Anderson, & Ohashi, 2016; Dunn, 

Nishimi, Powers, & Bradley, 2017).

For this review, with regard to childhood stressful and traumatic experiences, we focus on 

findings related to childhood exposure to interpersonal trauma because, relative to non-

interpersonal trauma, interpersonal trauma may be more likely to recur across development 

and to present in multiple forms (Masten & Wright, 1998) such that children are often 

exposed to multiple types of abuse and/or neglect (i.e., physical, sexual, emotional abuse, 

and/or physical and emotional neglect; Finkelhor, Turner, Ormrod, & Hamby, 2009), as well 

as to witnessed family violence (Zolotor, Theodore, Coyne-Beasley, & Runyan, 2007). 

Because children are likely to spend a large majority of their time during the first several 

years of life with family or other caregivers, exposure to violence, abuse, or neglect in a 

primary setting, such as the home, may promote persistent fear and anticipation of 

recurrence and, thus, represent just the kind of stressor that can profoundly alter 

neurobiological development (Tarullo & Gunnar, 2006).

Therefore, the current review considers the impact of childhood interpersonal trauma, as a 

form of chronic stress exposure, on neurobiological development. We address the impact of 

chronic stress exposure on neurobiological development during childhood, in part through 

the potential roles of repeated activation of the physiological stress response system, 

environmental influence on gene expression, and specific sensitive periods of development. 

Given the broad-reaching impact of trauma on development (i.e., multifinality), we focus not 

only on the impact of childhood trauma on neurobiological development with respect to risk 

for specific diagnoses (e.g., depression, PTSD), but also on the impacts on three areas of 

functioning that cut across diagnoses: 1) executive function 2) emotion regulation, and 3) 

dissociation/interoceptive awareness.

Overview of the Neurobiological Impact of Childhood Trauma

Exposure to childhood trauma can impact brain development over time, leading to changes 

in the structure and function of multiple stress-sensitive areas, including the hippocampus, 

prefrontal cortex (PFC), and the amygdala (Cerqueira, Mailliet, Almeida, Jay, & Sousa, 

2007; Stevens et al., 2013; Tomoda et al., 2009; van Harmelen et al., 2014). Under normal 

neurobiological conditions, the hippocampus receives input regarding perceptual 

information (“who and what”) and binds it to contextual information (“when and where”), 

and the PFC facilitates future recollection of and attributions about that information (“why”) 

(Ranganath, 2010). The PFC also modulates amygdala activity via inhibitory mechanisms 

(Banks, Eddy, Angstadt, Nathan, & Phan, 2007) and communicates with the hippocampus to 

promote the consolidation of emotional and perceptual information (Kajiwara, Takashima, 

Mimura, Witter, & Iijima, 2003). Under adverse neurobiological conditions, such as those 
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shaped by frequent or enduring trauma, the individual and connected functions of the 

hippocampus, PFC, and amygdala can be impacted in ways that not only facilitate 

inappropriate associations among perceptual, contextual, and attributional information about 

traumatic events (Acheson, Gresack, & Risbrough, 2012), but also diminish capacity for 

consciously managing recollections of the events and moderating fear responses to the 

recollections. (Stevens et al., 2013). Importantly, the pathways from chronic stress exposure 

during childhood to these differences in brain region structure, function, and connectivity are 

potentially many, and chief among them is the pathway through the stress response system.

Chronic fear, whether in response to actual or anticipated threat, can lead to repeated 

activation of the physiological stress response system, the hypothalamic-pituitary-adrenal 

(HPA) axis, altering the regulation of glucocorticoids, such as cortisol (Tarullo & Gunnar, 

2006; Trickett, Noll, Susman, Shenk, & Putnam, 2010). Childhood trauma is associated with 

HPA axis upregulation (i.e., elevated baseline cortisol, as well as greater increase and slower 

decline of cortisol following stress-exposure; Tarullo & Gunnar, 2006). At elevated levels or 

with repeated exposure, cortisol is thought to have neurotoxic effects, particularly early in 

development (Lupien et al., 2016). Notably, however, lower cortisol levels and attenuated 

cortisol reactivity (i.e., HPA axis downregulation) are observed in some individuals exposed 

to childhood trauma, and the onset of downregulation is typically during adolescence 

(Trickett et al., 2010). Downregulation of the HPA axis follows a period of chronic 

upregulation and may be the result of increased glucocorticoid receptor sensitivity leading to 

blunted stress reactivity and lower baseline cortisol levels, potentially as a compensatory 

strategy. Nevertheless, upregulation and associated neurobiological differences likely 

precede and persist beyond the onset of downregulation (Slattery, Grieve, Ames, Armstrong, 

& Essex, 2013).

The impact of HPA axis dysfunction on the neurobiology of childhood trauma may be better 

understood when considered in the context of genetic and epigenetic processes that influence 

and are influenced by glucocorticoid exposure. Although a more complete consideration is 

beyond the scope of this review (see Sharma, Powers, Bradley, & Ressler, 2016, and Heim & 

Binder, 2012), a particularly relevant area of research is the study of gene-environment (G × 

E) interactions of the FKBP5 gene with childhood adversity. FKBP5 is a gene that 

contributes to the regulation of glucocorticoid receptor sensitivity, and risk variants of 

FKBP5 polymorphisms are associated with reduced receptor sensitivity, which can lead to 

diminished HPA axis negative feedback (i.e., slower “off-switch” for the stress response) 

and subsequent maintenance of glucocorticoids in the absence of threat (Dias, Maddox, 

Klengal, & Ressler, 2015). Sustained elevations of glucocorticoids may interfere with 

neurotrophic gene expression and protein synthesis across the brain, but particularly within 

the hippocampus and PFC, resulting in reduced neurogenesis and neuroplasticity in, as well 

as degraded connectivity between, the two regions (Cerqueira et al., 2007; Daskalakis, De 

Kloet, Yehuda, Malaspina, & Kranz, 2015). There is now substantial evidence of an 

interaction between FKBP5 polymorphisms and early childhood maltreatment in predicting 

adult PTSD symptoms (Binder et al., 2008; Boscarino et al., 2012; Xie et al., 2010). This 

effect is not driven by total trauma exposure and appears directly related to childhood 

exposure, suggesting a developmental window in which FKBP5-mediated cellular 

interactions have lasting effects on neurobiology that increase the risk of developing PTSD 
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in adulthood. G × E interactions of childhood trauma and FKBP5 polymorphisms also 

predict adult risk for other psychopathology, including depression and psychosis (Appel et 

al., 2011; Collip et al., 2013; Zimmerman et al., 2011), and there is emerging evidence of a 

similar G × E effect of FKBP5 polymorphisms and childhood maltreatment on adult 

executive function (Green et al., 2015; Lovallo et al., 2015).

In addition to G × E interactions, there appears to be an important role of epigenetic 

mechanisms, such as DNA methylation, in understanding how childhood trauma leads to 

neurobiological changes and subsequent development of psychopathology (Heim and 

Binder, 2012; McGowen et al., 2009). For example, in a sample of low-income, primarily 

African American adults with high levels of trauma exposure across the lifespan, Klengel et 

al. (2013) found evidence that epigenetic mechanisms mediated the G × E effect of early life 

trauma and FKBP5 on the development of PTSD and depression symptoms in adulthood. 

Epigenetic changes in the form of differential transcriptional activation of FKBP5 by 

glucocorticoid receptor activation in the presence of childhood abuse may enhance FKBP5 

responsiveness, leading to both long-term changes in the body’s stress response system and 

alterations of neuronal circuits, resulting in higher risk for trauma-associated psychiatric 

disorders in adults. Similar to G × E effects, the effects on DNA methylation in this study 

were observed only for childhood trauma exposure, further highlighting the potential impact 

of traumatic events occurring in early development.

To fully understand the impact of childhood trauma on neurobiological development, the 

timing of the trauma exposure, as well as its chronicity across the course of development, 

should be taken into account. Foundational to the idea that childhood trauma can impact 

neurobiological development is the observation in human and non-human studies of 

sensitive periods of brain development marked by enhanced plasticity during which 

experience is inordinately influential to neurogenesis, synaptic growth, and organization of 

neural circuits (Heim & Binder, 2012; Knudsen, 2004). Thus, exposure to stress during these 

sensitive periods has the potential to alter the neurobiological landscape in powerful and 

lasting ways (Knudsen, 2004). Trauma occurring during early, sensitive periods of 

development can increase risk for psychological, behavioral, and neurocognitive problems 

across the lifespan. (Cowell, Cicchetti, Rogosch, & Toth, 2015; Dunn et al., 2017; Enlow, 

Egeland, Blood, Wright, & Wright, 2012)

In addition to broader neurobiological sensitivity during periods of early development, 

specific brain regions mature at unequal pace, affording differential, timing-dependent 

impacts of environmental input across development. If childhood trauma exposure acts 

through sensitive periods to impact neurobiological changes, timing-dependent effects on 

brain regions should be observed for relevant developmental periods. Recent research has 

provided some support for this idea showing age-dependent impacts of childhood 

environment, including trauma and abuse, on amygdala, hippocampal, and PFC volume 

(e.g., Pechtel, Lyons-Ruth, Anderson, & Teicher, 2014; Andersen et al., 2008; Rao et al., 

2010). Although brain regions mature at unequal pace, regional development is anything but 

independent. Brain regions are structurally and functionally connected such that regions may 

facilitate or inhibit activity in other regions. Environmental input during sensitive periods 

may not only interfere with the normative development of one specific region, but also the 
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nature of its relationship to other regions (Knudsen, 2004). The hippocampus, PFC, and 

amygdala are part of a network of connected regions (Tottenham & Sheridan, 2010), chronic 

stress reduces connectivity within this network (Cerqueira et al., 2007), and reduced 

connectivity is associated with deficits across multiple domains (Cerqueira et al., 2007; 

Opitz & Friederici, 2003; Wendelken & Bunge, 2010; Stevens et al., 2013). Thus, even if a 

particular brain region, such as the PFC, is most vulnerable during a sensitive period later in 

development, its connectivity to regions, such as the hippocampus, with earlier sensitive 

periods may introduce opportunity for stressful or traumatic experiences earlier in 

development to nevertheless degrade both the structure and the function of that later-peaking 

brain region (Cerqueira et al., 2007).

Importantly, sensitive periods may be prolonged if environmental input is unexpected or 

inconsistent (Knudsen, 2004; Panchanathan & Frankenhuis, 2016). Childhood trauma is 

often characterized by unexpected or inconsistent caregiver interaction (Blair & Raver, 2012; 

Ross & Hill, 2002), and under uncertain conditions, the window of opportunity for 

neurobiological insult—and potentially recovery (Nelson et al., 2007)—remains open 

(Panchanathan & Frankenhuis, 2016). Moreover, unpredictability associated with childhood 

trauma and prolonged periods of neurobiological sensitivity may also contribute to increased 

HPA reactivity and cortisol levels (Sanchez, 2006), thereby potentially further compounding 

neurobiological risk during sensitive periods.

Taken together, these findings suggest that childhood trauma can alter neurobiological 

development, particularly within the hippocampus, PFC, and amygdala, and this may occur 

at least in part as a result of the chronic or repeated activation of the physiological stress 

response system acting together with genetic and epigenetic processes during sensitive 

periods of development. These neurobiological changes can, in turn, influence a number of 

critical cognitive and emotional processes (i.e., executive function, emotion regulation, and 

that, when disturbed, may represent transdiagnostic risk factors for trauma-related 

psychopathology, such as PTSD and depression.

Impact of Childhood Trauma on Executive Function

Executive function refers to a set of processes, supported largely by the PFC, that facilitate 

awareness of and adaptation to internal and external stimuli and goals, thus promoting 

flexible, context-appropriate, and goal-oriented emotional and behavioral responses (Miyake 

et al., 2000). Executive function comprises working memory (i.e., holding onto and actively 

manipulating multiple mental representations), cognitive flexibility (i.e., inhibiting 

previously learned responses to meet new demand), inhibitory control (i.e., inhibiting 

overlearned or automatic responses), and the ability to form abstract concepts. Exposure to 

childhood trauma is associated with relative impairments in each these processes (Cowell et 

al. 2015; DePrince, Weinzierl, & Combs, 2009; Gould et al., 2012; Kavanaugh & Holler, 

2014; Nikulina & Widom, 2013; Nolin & Ethier, 2007; Skowron, Cipriano-Essel, Gatzke-

Kopp, Teti, & Ammerman, 2014; Spann et al., 2012), and such impairment is associated 

with increased risk for PTSD and depression (Aupperle, Melrose, Stein, & Paulus, 2012; 

Joormann, 2010).
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Trauma-related deficits in executive function appear to accumulate in a dose-response 

manner across development, and may be more pronounced if the onset of trauma is early. 

For example, in cross-sectional studies of childhood trauma, DePrince et al. (2009) found 

that for every 1.0 SD increase in the number of exposures to familial interpersonal traumatic 

events, children demonstrate a .30 SD reduction in overall executive function, and Cowell et 

al. (2015) found that inhibitory control and working memory were impaired in children 

exposed to maltreatment, particularly if maltreatment began in infancy and recurred across 

multiple developmental periods. Moreover, these deficits are likely to persist into 

adolescence (Kavanaugh & Holler, 2014; Spann et al., 2012) and adulthood. In retrospective 

studies of adults with self-reported histories of childhood maltreatment, maltreatment is 

negatively associated with adult working memory, inhibitory control, and cognitive 

flexibility (Gould et al., 2012; Navalta, Polcari, Webster, Boghossian, & Teicher, 2006), and 

in a prospective study, maltreatment and particularly neglect during childhood predicted 

cognitive flexibility at age 41 years (Nikulina & Widom, 2013).

Working memory, cognitive flexibility, and inhibitory control are each influenced 

substantially, though not exclusively, by PFC functioning (Miyake et al., 2000), so relative 

deficits observed in these domains in individuals exposed to childhood trauma point to the 

PFC as an important site of neurobiological response to early stress. Relatedly, differences in 

the structure and function of the hippocampus, PFC, and amygdala, as well as differences in 

the structural and functional connectivity of the PFC to both the hippocampus and amygdala 

have been observed between individuals who have and have not experienced childhood 

trauma (Cerqueira et al., 2007; Tomoda et al, 2009; van Harmelen et al., 2014). In fact, in a 

recent review, Teicher et al. (2016) identified the hippocampus, amygdala, and prefrontal 

regions (i.e., orbitofrontal cortices dorsolateral prefrontal) as among the brain regions most 

impacted by childhood maltreatment with prefrontal regions, as well as the anterior 

cingulate cortex, representing the most consistent sites of impact for abuse specifically. 

These maltreatment-related differences in the structure, function, or connectivity of 

prefrontal regions is associated not only with impairments in conflict-monitoring and 

decision-making, but also emotion regulation in adults with maltreatment-related PTSD 

compared to non-maltreated controls (Thomaes et al., 2010; van Harmelen et al., 2014).

Impact of Childhood Trauma on Emotion Regulation

Emotion regulation refers to a broad set of strategies to manage cognitive, behavioral, and 

physiological responses to emotion (Cole, Martin, & Dennis, 2004) and encompasses a 

number of components, including awareness, understanding, and acceptance of emotional 

experiences (Gratz & Roemer, 2004). Developmental research points to an important impact 

of trauma on children’s emotional awareness, understanding, and regulation (Shields, Ryan, 

& Cicchetti, 2001; Shipman, Zeman, Penza, & Champion, 2000), which are typically 

developed in part through interactions with parents and other supportive adults (Bariola, 

Gullone, Hughes, 2011; Parke, 1994). Because exposure to childhood maltreatment often 

includes abuse or neglect from a primary caregiver or the presence of violence within the 

home, children are less likely to be exposed to modeling of appropriate emotional labeling, 

expression, and regulation behaviors often modeled by primary caregivers and may therefore 

develop deficits in appropriate emotion regulation.
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In addition to the potential absence or scarcity of appropriate models, emotion regulation 

may also be diminished in the context of childhood trauma due to its partial reliance on 

executive function—itself diminished by childhood trauma. Executive function contributes 

to emotion regulation by controlling the contents of working memory to prevent excessive 

attention to negative thoughts or stimuli (Joormann, 2010), shifting to new coping strategies 

when old ones are no longer effective (Gilliom, Shaw, Beck, Schonberg, & Lukon, 2002), 

and inhibiting automatic emotional, behavioral, or cognitive responses that do not fit the 

situation or one’s goals (Carlson & Wang, 2007), such as during cognitive reappraisal 

(Goldin, McRae, Ramel, & Gross, 2008).

Emotion dysregulation is considered a transdiagnostic risk factor for a broad range of 

psychiatric morbidity (Werner & Gross, 2010), including PTSD and depression (Bradley et 

al., 2011a), and exposure to childhood trauma is associated with emotion regulation deficits 

across the lifespan (Cloitre, Miranda, Stovall-McClough, & Han, 2005; Kim & Cicchetti, 

2010; McLaughlin, Peverill, Gold, Alves, & Sheridan, 2015; Powers, Etkin, Gyurak, 

Bradley, & Jovanovic, 2015). Similar to executive function, emotion regulation is most 

impacted by trauma that occurs early and often (Kim & Cicchetti, 2010). Associated deficits 

are diverse and may present as attentional bias to negative or threatening stimuli, trouble 

recognizing emotions in the self or others, and difficulty effectively modulating or 

reappraising distress (McLaughlin et al., 2015; Pollak, 2008; Tottenham et al., 2010).

Neuroimaging studies demonstrate an association of emotion regulation and childhood 

trauma in terms of both neurobiological structure and function and behavioral strategies. In a 

study of institutionally-raised children, Tottenham et al. (2010) found that prolonged 

placement was associated with increased attention to negatively-valenced stimuli, as well as 

with enlarged amygdala, a finding which could represent potential for a relative 

disadvantage of the PFC in modulating amygdala. For example, in a study of adolescents 

with histories of childhood maltreatment, McLaughlin et al. (2015) also found a bias toward 

negatively-valenced stimuli and, relative to non-maltreated adolescences, greater recruitment 

of the PFC during cognitive reappraisal to achieve comparable reduction of amygdala 

activity. In this study, both maltreated and non-maltreated adolescents were able to 

demonstrate emotion regulation ability via amygdala modulation, but maltreated adolescents 

expended more executive resources to so regulate, which could decrease the availability of 

those resources for regulating subsequent distress (Muraven & Baumeister, 2000). It is 

possible, therefore, for some individuals to present with a pattern of apparent emotion 

regulation—perhaps even overregulation—followed by depletion of regulatory resources. 

Efforts to overregulate may be associated with aspects of dissociation.

Impact of Childhood Trauma on Dissociation and Interoceptive Awareness

Dissociation refers to a state of altered conscious awareness of or engagement with one’s 

internal or external experience and can manifest in numerous ways, including as feelings of 

unreality or separation from oneself or surroundings (i.e., derealization and 

depersonalization, respectively) or a sense that one’s identity is fragmented or that one is 

disconnected from one’s own body (Briere, Hodges, & Godbout, 2010). Dissociation often 

manifests in response to perceived threats that may be viewed on unmanageable or too 
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painful, and dissociative symptoms are often observed in individuals who have experienced 

childhood maltreatment, particularly sexual abuse, as a means of near total avoidance of 

thoughts, emotions, or sensations associated with traumatic memories (Putnam, Helmers, 

Horowitz, & Trickett, 1995; Stein et al., 2013; Steuwe, Lanius, & Frewen, 2012; Trickett, 

Noll, & Putnam, 2011).

Notably, individuals with histories of childhood trauma often report depersonalized 

dissociation, or feeling disconnected from their own bodies (Simeon, Guralnik, Knutelska, 

Hollander, & Schmeidler, 2001) and, paradoxically, often have high incidences of chronic 

somatic disorders and concerns (Friedrich & Shafer, 1994; McFarlane, Atchison, 

Rafalowicz, & Papay, 1994). Given these findings, it is not surprising that dissociation has 

been linked to impairments in interoception, or awareness of somatic states. For some 

individuals exposed to trauma—particularly abuse—attending to their current physiological 

state can evoke trauma-related reminders and subsequent distress and is thus avoided 

(Lanius et al., 2010).

The neurobiology of dissociative processes in childhood abuse survivors is distinct from a 

typical fear response. Compared to the “fight or flight” response thought to characterize 

PTSD, dissociative maltreated individuals often exhibit a pattern of autonomic response has 

been likened to a “freeze” response to incoming threat (Scaer, 2011) during which the 

person feels immobile, paralyzed, and detached from their body. The neurobiological 

signature of dissociation reflects a blunted physiological response to stress (Sack, Cillien, & 

Hopper, 2012; Zaba et al., 2015). In fact, highly dissociative maltreated individuals often do 

not demonstrate the expected increases in physiological arousal and overall sympathetic 

response to trauma-related stressors (Lanius et al., 2010). A proposed model of PTSD 

describes highly dissociative traumatized individuals as “overmodulators” of affect, who 

tend to demonstrate increased neural response in brain regions that are involved with control 

of emotional responses (i.e., medial prefrontal cortical regions), and dampened response in 

fear processing regions (i.e., the amygdala) as they attempt to control distressful emotional 

states (Lanius et al., 2010).

Opportunities for Intervention

Even in the midst of trauma, many children demonstrate sustained neurobiological resilience 

across development and into adulthood, due in part to the presence of protective social or 

biological factors (Dias et al., 2015; Gunnar & Donzella, 2002). For example, although 

childhood trauma may promote chronic HPA axis reactivity often leading to neurobiological 

changes, HPA axis functioning is not disturbed in every individual exposed to childhood 

trauma. Neurobiological resilience may be due in part to protective factors in the 

environment (e.g., social buffering; Gunnar & Donzella, 2002). Supportive and responsive 

parents, peers, or other adult caregiver can be important buffers against the effects of 

childhood trauma on neurobiological development (Gunnar & Donzella, 2002). Even in an 

inadequate or threatening environment, a child who expects to be attended to and protected 

may feel less distressed and may demonstrate less frequent or intense physiological response 

to stressors (Gunnar & Donzella, 2002), thereby limiting the opportunity for cortisol-related 

insult. Thus, enhancing social support for at-risk children may be an important intervention 
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tool to promote resilience in executive function and emotion regulation and to reduce 

reliance on dissociative strategies, in addition to treating early symptoms of PTSD and/or 

depression.

At the same time, individuals who are less resilient in terms of neurobiological changes, 

executive function, emotion regulation, or psychiatric morbidity can still benefit from 

psychotherapeutic and pharmacological intervention even in adulthood (Cloitre, Koenen, 

Cohen, & Han, 2002; Tyrka, Burgers, Philip, Price, & Carpenter, 2013). In fact, 

psychotherapy for adults with PTSD may calm HPA axis reactivity, decrease amygdala 

activity, and increase PFC and hippocampal activity, and pharmacotherapy may even 

promote structural changes (Olff, de Vries, Güzelcan, Assies, & Gersons, 2007; Thomaes et 

al., 2014). Additionally, psychotherapy with neurofeedback training may decrease 

depression and improve emotion regulation by facilitating upregulation of parts of the PFC 

and brain areas associated with positive emotion (Linden et al., 2012).

It is important, however, to consider environmental factors that may impact the success of 

trauma-related intervention. For example, for individuals living in environments with 

continued elevated risk of trauma exposure (e.g., neighborhoods with high rates of crime), 

therapists should be careful to consider that some fears may be based on realistic threats. In 

addition, particularly for individuals with few resources, little previous experience with 

mental health services, or discomfort seeking mental health services, offering interventions 

in and tailored to familiar and accessible settings (e.g., primary care clinics), may be critical 

for increasing access to care and reducing stigma (Machtinger, Cuca, Khanna, Rose, & 

Kimberg, 2015). Furthermore, using alternative approaches, such as mindfulness, that focus 

less directly on trauma but incorporate mind-body awareness and enhancing emotion 

regulation and interoceptive awareness may be more tolerable for individuals with complex 

trauma histories and symptom presentations who may otherwise refuse standard trauma-

focused interventions. Dissociative symptoms are known to interfere with recovery from 

trauma, and can impede engagement in trauma-focused treatments; attempts to attend to 

trauma memories during imaginal exposure therapy often produce increased feelings of 

detachment with one’s self and surroundings, interfering with adequate extinction of learned 

fear responses. Given their inherent focus on increasing interoception and emotion tolerance, 

mindfulness-based treatments have been proposed as a choice treatment option for 

childhood abuse survivors, and have shown long-term efficacy in treating symptoms of 

dissociation in addition to depression, PTSD, and overall anxiety (Earley et al., 2014; Price, 

Wells, Donovan, & Rue, 2012). Enhancing awareness of body states during mindfulness-

based practices is a naturally attractive target for highly dissociative childhood trauma 

survivors, and is the focus of a current clinical trial designed for this population 

(NCT02754557); this trial uses physiological feedback to enhance participants’ ability to 

maintain focus on breathing and associated body and emotional states during mindfulness 

meditation. Although intervening in childhood trauma-related psychopathology is 

challenging (Nanni, Uher, & Danese, 2012), recovery is very much possible (Ehring et al., 

2014) and may be even more effective if adapted to patients’ individual needs and concerns 

(Cloitre, 2014).
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Importantly, although childhood trauma is associated with risk for psychopathology, many 

individuals will not develop a diagnosable mental illness, will not present for treatment, but 

will nevertheless exhibit dysregulated physiological stress response and neurobiological 

changes—imprints of childhood trauma that can nevertheless inhibit management of daily 

stressors and overall well-being (Geoffroy, Pereira, Li, & Power, 2016; Juul et al., 2016; 

McLaughlin et al., 2015; Spann et al., 2012). Given that the impact of childhood trauma can 

persist across the lifespan in manners both subtle and profound, efforts should be made to 

reduce its occurrence and intervene early. Early interventions could include increasing 

access to mental health services for parents and children (Poobalan et al., 2007), educating 

physicians and parents about the importance of positive parent-child interactions to 

neurobiological development (Gunnar & Donzella, 2002), and promoting a better 

understanding of trauma-related cognitive, emotional, or behavioral problems that may 

present in a classroom (Brunzell, Stokes, & Waters, 2016).

Limitations

This review should be considered in light of the following limitations. First, much of the 

reported literature is based on retrospective studies of childhood trauma, limiting the ability 

to make causal interpretations; however, some prospective studies do lend support to 

interpretations of childhood maltreatment as potentially contributing to risk for depression, 

PTSD, and dissociation, as well as to deficits in executive function and emotion regulation 

(Enlow et al., 2012; Geoffroy et al., 2016; Nikulina & Widom, 2013; Trickett et al., 2011; 

Zimmermann et al., 2011).

Second, the potential causes of childhood trauma-related changes to neurobiological 

development presented in the current review are by no means exhaustive. For example, this 

review does not address the impacts of poverty or racism, both of which have been shown to 

exert pernicious influence on neurobiological development (Blair & Raver, 2012; Chae et 

al., 2014). Children living in poverty are confronted with distressed and less responsive 

caregivers, and may also be at increased risk of experiencing maltreatment (Blair & Raver, 

2012; Brooks-Gunn, Schneider, & Waldfogel, 2013). Furthermore, African-American and 

Hispanic children are disproportionately impacted by poverty (Macartney, 2011), and 

compared to all other racial/ethnic groups, African-American children are more likely to be 

exposed to violence (Goldmann et al., 2011) and to demonstrate dysregulated HPA axis 

functioning in infancy, childhood, and adulthood (Blair et al., 2011; Kuzawa & Sweet, 

2009). Although outside the scope of this review, these findings highlight the troubling 

intersection of poverty and racism with trauma that must not be ignored when addressing the 

role of childhood trauma in adult functioning.

In addition, this review does not address all physiological sequelae of childhood trauma that 

may impact neurobiological development. For example, inflammation is elevated across 

development for individuals exposed to childhood trauma (Coelho, Viola, Walss-Bass, 

Brietzke, & Grassi-Oliveira, 2014), increasing risk to physical and mental health and 

contributing additional influence to neurobiological development (Hagberg & Mallard, 

2005). Finally, this review does not address potential intergenerational effects of trauma on 

neurobiological development. Elevated cortisol levels in utero are associated with long-term 
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relative deficits in neurocognitive ability (LeWinn et al., 2009), and childhood trauma may 

also interfere with later parenting behavior (Smith, Cross, Winkler, Jovanovic, & Bradley, 

2014), potentially creating adverse conditions in the next generation. Certainly, 

consideration of intergenerational effects is important for better understanding the individual 

effects in broader context.

Conclusion

Childhood trauma, particularly if experienced early and often, is associated with 

neurobiological changes that may influence important processes, such as executive function 

and emotion regulation, as well as increase risk for dissociation and trauma-related 

disorders, such as PTSD and depression. This neurocognitive, emotion regulation, and 

psychiatric risk may result from cascading changes to neurobiology facilitated by chronic 

HPA axis reactivity and interaction with genetic and epigenetic processes during sensitive 

periods in development in ways that ultimately interfere with the structure, function, and 

functional connectively of the hippocampus, PFC, and amygdala and limit resilience to 

future stressors.

Acknowledgments

We thank the Grady Trauma Project research staff and coordinators, Angelo Brown, Allen W. Graham, and Rebecca 
Roffman, as well as the nurses in the Clinical Research Network of Grady Health Systems. Funding from the 
National Institute of Child Health and Human Development (HD018264), and the National Institute of Mental 
Health (MH100122-01, MH071537, and MH102890) supported this work. The contents of this manuscript do not 
reflect the views of the Department of Veterans Affairs or the United States Government

References

Acheson DT, Gresack JE, Risbrough VB. 2012; Hippocampal dysfunction effects on context memory: 
Possible etiology for posttraumatic stress disorder. Neuropharmacology. 62(2):674–685. DOI: 
10.1016/j.neuropharm.2011.04.029 [PubMed: 21596050] 

Andersen SL, Teicher MH. 2008; Stress, sensitive periods and maturational events in adolescent 
depression. Trends in Neurosciences. 31(4):183–191. DOI: 10.1016/j.tins.2008.01.004 [PubMed: 
18329735] 

Appel K, Schwahn C, Mahler J, Schulz A, Spitzer C, Fenske K, Grabe HJ. 2011; Moderation of adult 
depression by a polymorphism in the FKBP5 gene and childhood physical abuse in the general 
population. Neuropsychopharmacology. 36:1982–91. DOI: 10.1038/npp.2011.81 [PubMed: 
21654733] 

Aupperle RL, Melrose AJ, Stein MB, Paulus MP. 2012; Executive function and PTSD: Disengaging 
from trauma. Neuropharmacology. 62(2):686–694. DOI: 10.1016/j.neuropharm.2011.02.008 
[PubMed: 21349277] 

Banks SJ, Eddy KT, Angstadt M, Nathan PJ, Phan KL. 2007; Amygdala–frontal connectivity during 
emotion regulation. Social Cognitive and Affective Neuroscience. 2(4):303–312. DOI: 10.1093/
scan/nsm029 [PubMed: 18985136] 

Bariola E, Gullone E, Hughes EK. 2011; Child and adolescent emotion regulation: The role of parental 
emotion regulation and expression. Clinical Child and Family Psychology Review. 14(2):198–212. 
DOI: 10.1007/s10567-011-0092-5 [PubMed: 21424275] 

Bartko SJ, Winters BD, Cowell RA, Saksida LM, Bussey TJ. 2007; Perirhinal cortex resolves feature 
ambiguity in configural object recognition and perceptual oddity tasks. Learning & Memory. 
14(12):821–832. DOI: 10.1101/lm.749207 [PubMed: 18086825] 

Cross et al. Page 11

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Binder EB, Bradley RG, Liu W, Epstein MP, Deveau TC, Mercer KB, Schwartz AC. 2008; Association 
of FKBP5 polymorphisms and childhood abuse with risk of posttraumatic stress disorder symptoms 
in adults. JAMA. 299(11):1291–1305. DOI: 10.1001/jama.299.11.1291 [PubMed: 18349090] 

Blair C, Raver CC. 2012; Child development in the context of adversity: Experiential canalization of 
brain and behavior. American Psychologist. 67(4):309.doi: 10.1037/a0027493 [PubMed: 22390355] 

Blair C, Granger DA, Willoughby M, Mills-Koonce R, Cox M, Greenberg MT, Fortunato CK. 2011; 
Salivary cortisol mediates effects of poverty and parenting on executive functions in early 
childhood. Child Development. 82(6):1970–1984. DOI: 10.1111/j.1467-8624.2011.01643.x 
[PubMed: 22026915] 

Bomyea J, Amir N. 2011; The effect of an executive functioning training program on working memory 
capacity and intrusive thoughts. Cognitive Therapy and Research. 35(6):529–535. DOI: 10.1007/
s10608-011-9369-8 [PubMed: 22514357] 

Boscarino JA, Erlich PM, Hoffman SN, Zhang X. 2012; Higher FKBP5, COMT, CHRNA5, and 
CRHR1 allele burdens are associated with PTSD and interact with trauma exposure: Implications 
for neuropsychiatric research and treatment. Neuropsychiatric Disease and Treatment. 8:131–139. 
DOI: 10.2147/NDT.S29508 [PubMed: 22536069] 

Bradley B, DeFife JA, Guarnaccia C, Phifer J, Fani N, Ressler KJ, Westen D. 2011b; Emotion 
dysregulation and negative affect: Association with psychiatric symptoms [CME]. The Journal of 
Clinical Psychiatry. 72(5):1–478. DOI: 10.4088/JCP.10m06409blu

Bradley B, Westen D, Mercer KB, Binder EB, Jovanovic T, Crain D, Heim C. 2011a; Association 
between childhood maltreatment and adult emotional dysregulation in a low-income, urban, 
African American sample: Moderation by oxytocin receptor gene. Development and 
Psychopathology. 23(02):439–452. DOI: 10.1017/S0954579411000162 [PubMed: 23786688] 

Briere J, Hodges M, Godbout N. 2010; Traumatic stress, affect dysregulation, and dysfunctional 
avoidance: A structural equation model. Journal of Traumatic Stress. 23(6):767–774. DOI: 
10.1002/jts.20578 [PubMed: 21171138] 

Brooks-Gunn J, Schneider W, Waldfogel J. 2013; The Great Recession and the risk for child 
maltreatment. Child Abuse & Neglect. 37(10):721–729. DOI: 10.1016/j.chiabu.2013.08.004 
[PubMed: 24045057] 

Brunzell T, Stokes H, Waters L. 2016; Trauma-informed positive education: Using positive psychology 
to strengthen vulnerable students. Contemporary School Psychology. 20(1):63–83. DOI: 10.1007/
s40688-015-0070-x

Carlson SM, Wang TS. 2007; Inhibitory control and emotion regulation in preschool children. 
Cognitive Development. 22(4):489–510. DOI: 10.1016/j.cogdev.2007.08.002

Cerqueira JJ, Mailliet F, Almeida OF, Jay TM, Sousa N. 2007; The prefrontal cortex as a key target of 
the maladaptive response to stress. The Journal of Neuroscience. 27(11):2781–2787. DOI: 
10.1523/JNEUROSCI.4372-06.2007 [PubMed: 17360899] 

Chae DH, Nuru-Jeter AM, Adler NE, Brody GH, Lin J, Blackburn EH, Epel ES. 2014; Discrimination, 
racial bias, and telomere length in African-American men. American Journal of Preventive 
Medicine. 46(2):103–111. DOI: 10.1016/j.amepre.2013.10.020 [PubMed: 24439343] 

Cloitre M. 2014; The" one size fits all" approach to trauma treatment: Should we be satisfied? 
European Journal of Psychotraumatology. 6:27344.doi: 10.3402/ejpt.v6.27344

Cloitre M, Koenen KC, Cohen LR, Han H. 2002; Skills training in affective and interpersonal 
regulation followed by exposure: a phase-based treatment for PTSD related to childhood abuse. 
Journal of Consulting and Clinical Psychology. 70(5):1067.doi: 10.1037/0022-006X.70.5.1067 
[PubMed: 12362957] 

Cloitre M, Miranda R, Stovall-McClough KC, Han H. 2005; Beyond PTSD: Emotion regulation and 
interpersonal problems as predictors of functional impairment in survivors of childhood abuse. 
Behavior Therapy. 36(2):119–124. DOI: 10.1016/S0005-7894(05)80060-7

Coelho R, Viola TW, Walss-Bass C, Brietzke E, Grassi-Oliveira R. 2014; Childhood maltreatment and 
inflammatory markers: A systematic review. Acta Psychiatrica Scandinavica. 129(3):180–192. 
[PubMed: 24205846] 

Cross et al. Page 12

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cole PM, Martin SE, Dennis TA. 2004; Emotion regulation as a scientific construct: Methodological 
challenges and directions for child development research. Child Development. 75(2):317–333. 
DOI: 10.1111/j.1467-8624.2004.00673.x [PubMed: 15056186] 

Collip D, Myin-Germeys I, Wichers M, Jacobs N, Derom C, Thiery E, Van Winkel R. 2013; FKBP5 as 
a possible moderator of the psychosis-inducing effects of childhood trauma. British Journal of 
Psychiatry. 202:261–8. DOI: 10.1192/bjp.bp.112.115972 [PubMed: 23429203] 

Cowell RA, Cicchetti D, Rogosch FA, Toth SL. 2015; Childhood maltreatment and its effect on 
neurocognitive functioning: Timing and chronicity matter. Development and Psychopathology. 
27(02):521–533. DOI: 10.1017/S0954579415000139 [PubMed: 25997769] 

Daskalakis NP, De Kloet ER, Yehuda R, Malaspina D, Kranz TM. 2015; Early life stress effects on 
glucocorticoid—BDNF interplay in the hippocampus. Frontiers in Molecular Neuroscience. 8doi: 
10.3389/fnmol.2015.00068

DePrince AP, Weinzierl KM, Combs MD. 2009; Executive function performance and trauma exposure 
in a community sample of children. Child Abuse & Neglect. 33(6):353–361. DOI: 10.1016/
j.chiabu.2008.08.002 [PubMed: 19477515] 

Dias BG, Maddox SA, Klengel T, Ressler KJ. 2015; Epigenetic mechanisms underlying learning and 
the inheritance of learned behaviors. Trends in Neurosciences. 38(2):96–107. DOI: 10.1016/j.tins.
2014.12.003 [PubMed: 25544352] 

Dunn EC, Nishimi K, Powers A, Bradley B. 2017; Is developmental timing of trauma exposure 
associated with depressive and post-traumatic stress disorder symptoms in adulthood? Journal of 
Psychiatric Research. 84:119–127. DOI: 10.1016/j.jpsychires.2016.09.004 [PubMed: 27728852] 

Earley MD, Chesney MA, Frye J, Greene PA, Berman B, Kimbrough E. 2014; Mindfulness 
intervention for child abuse survivors: A 2.5-year follow-up. Journal of Clinical Psychology. 
70(10):933–941. DOI: 10.1002/jclp.22102 [PubMed: 24844944] 

Ehring T, Welboren R, Morina N, Wicherts JM, Freitag J, Emmelkamp PM. 2014; Meta-analysis of 
psychological treatments for posttraumatic stress disorder in adult survivors of childhood abuse. 
Clinical Psychology Review. 34(8):645–657. DOI: 10.1016/j.cpr.2014.10.004 [PubMed: 
25455628] 

Enlow MB, Egeland B, Blood EA, Wright RO, Wright RJ. 2012; Interpersonal trauma exposure and 
cognitive development in children to age 8 years: A longitudinal study. Journal of Epidemiology 
and Community Health. :1005–1010. DOI: 10.1136/jech-2011-200727 [PubMed: 22493459] 

Finkelhor D, Turner H, Ormrod R, Hamby SL. 2009; Violence, abuse, and crime exposure in a national 
sample of children and youth. Pediatrics. 124(5):1411–1423. DOI: 10.1542/peds.2009-0467 
[PubMed: 19805459] 

Friedrich WN, Schafer LC. 1995; Somatic symptoms in sexually abused children. Journal of Pediatric 
Psychology. 20(5):661–670. DOI: 10.1093/jpepsy/20.5.661 [PubMed: 7500237] 

Geoffroy MC, Pereira SP, Li L, Power C. 2016; Child neglect and maltreatment and childhood-to-
adulthood cognition and mental health in a prospective birth cohort. Journal of the American 
Academy of Child & Adolescent Psychiatry. 55(1):33–40. DOI: 10.1016/j.jaac.2015.10.012 
[PubMed: 26703907] 

Gilliom M, Shaw DS, Beck JE, Schonberg MA, Lukon JL. 2002; Anger regulation in disadvantaged 
preschool boys: Strategies, antecedents, and the development of self-control. Developmental 
Psychology. 38(2):222.doi: 10.1037/0012-1649.38.2.222 [PubMed: 11881758] 

Goldin PR, McRae K, Ramel W, Gross JJ. 2008; The neural bases of emotion regulation: reappraisal 
and suppression of negative emotion. Biological Psychiatry. 63(6):577–586. DOI: 10.1016/
j.biopsych.2007.05.031 [PubMed: 17888411] 

Goldmann E, Aiello A, Uddin M, Delva J, Koenen K, Gant LM, Galea S. 2011; Pervasive exposure to 
violence and posttraumatic stress disorder in a predominantly African American urban 
community: the Detroit Neighborhood Health study. Journal of Traumatic Stress. 24(6):747–751. 
DOI: 10.1002/jts.20705 [PubMed: 22144187] 

Goldsmith HH, Pollak SD, Davidson RJ. 2008; Developmental neuroscience perspectives on emotion 
regulation. Child Development Perspectives. 2(3):132–140. DOI: 10.1111/j.
1750-8606.2008.00055.x [PubMed: 19956786] 

Cross et al. Page 13

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Gould F, Clarke J, Heim C, Harvey PD, Majer M, Nemeroff CB. 2012; The effects of child abuse and 
neglect on cognitive functioning in adulthood. Journal of Psychiatric Research. 46(4):500–506. 
DOI: 10.1016/j.jpsychires.2012.01.005 [PubMed: 22336639] 

Gratz KL, Roemer L. 2004; Multidimensional assessment of emotion regulation and dysregulation: 
Development, factor structure, and initial validation of the difficulties in emotion regulation scale. 
Journal of Psychopathology and Behavioral Assessment. 26(1):41–54. DOI: 10.1023/B:JOBA.
0000007455.08539.94

Green MJ, Raudino A, Cairns MJ, Wu J, Tooney PA, Scott RJ, Carr VJ. 2015; Do common genotypes 
of FK506 binding protein 5 (FKBP5) moderate the effects of childhood maltreatment on cognition 
in schizophrenia and healthy controls? Journal of Psychiatric Research. 70:9–17. [PubMed: 
26424418] 

Gunnar MR, Donzella B. 2002; Social regulation of the cortisol levels in early human development. 
Psychoneuroendocrinology. 27(1):199–220. DOI: 10.1016/S0306-4530(01)00045-2 [PubMed: 
11750779] 

Hagberg H, Mallard C. 2005; Effect of inflammation on central nervous system development and 
vulnerability: Review. Current opinion in Neurology. 18(2):117–123. DOI: 10.1097/01.wco.
0000162851.44897.8f [PubMed: 15791140] 

Heim C, Binder EB. 2012; Current research trends in early life stress and depression: Review of 
human studies on sensitive periods, gene–environment interactions, and epigenetics. Experimental 
Neurology. 233(1):102–111. DOI: 10.1016/j.expneurol.2011.10.032 [PubMed: 22101006] 

Joormann J. 2010; Cognitive inhibition and emotion regulation in depression. Current Directions in 
Psychological Science. 19(3):161–166. DOI: 10.1177/0963721410370293

Juul SH, Hendrix C, Robinson B, Stowe ZN, Newport, D.J. Brennan PA, Johnson KC. 2016; Maternal 
early-life trauma and affective parenting style: The mediating role of HPA-axis function. Archives 
of Women’s Mental Health. 19(1):17–23. DOI: 10.1007/s00737-015-0528-x

Kajiwara R, Takashima I, Mimura Y, Witter MP, Iijima T. 2003; Amygdala input promotes spread of 
excitatory neural activity from perirhinal cortex to the entorhinal–hippocampal circuit. Journal of 
Neurophysiology. 89(4):2176–2184. DOI: 10.1152/jn.01033.2002 [PubMed: 12611981] 

Kavanaugh B, Holler K. 2014; Executive, emotional, and language functioning following childhood 
maltreatment and the influence of pediatric PTSD. Journal of Child & Adolescent Trauma. 7(2):
121–130. DOI: 10.1007/s40653-014-0014-z

Kim J, Cicchetti D. 2010; Longitudinal pathways linking child maltreatment, emotion regulation, peer 
relations, and psychopathology. Journal of Child Psychology and Psychiatry. 51(6):706–716. DOI: 
10.1111/j.1469-7610.2009.02202.x [PubMed: 20050965] 

Klengel T, Mehta D, Anacker C, Rex-Haffner M, Pruessner JC, Pariante CM, Nemeroff CB. 2013; 
Allele-specific FKBP5 DNA demethylation mediates gene-childhood trauma interactions. Nature 
neuroscience. 16(1):33–41. DOI: 10.1038/nn.3275 [PubMed: 23201972] 

Knudsen EI. 2004; Sensitive periods in the development of the brain and behavior. Journal of 
Cognitive Neuroscience. 16(8):1412–1425. DOI: 10.1162/0898929042304796 [PubMed: 
15509387] 

Kuzawa CW, Sweet E. 2009; Epigenetics and the embodiment of race: Developmental origins of US 
racial disparities in cardiovascular health. American Journal of Human Biology. 21(1):2–15. DOI: 
10.1002/ajhb.20822 [PubMed: 18925573] 

Lanius RA, Vermetten E, Loewenstein RJ, Brand B, Schmahl C, Bremner JD, Spiegel D. 2010; 
Emotion modulation in PTSD: Clinical and neurobiological evidence for a dissociative subtype. 
American Journal of Psychiatry. 167(6):640–647. DOI: 10.1176/appi.ajp.2009.09081168 
[PubMed: 20360318] 

LeWinn KZ, Stroud LR, Molnar BE, Ware JH, Koenen KC, Buka SL. 2009; Elevated maternal cortisol 
levels during pregnancy are associated with reduced childhood IQ. International Journal of 
Epidemiology. 38(6):1700–1710. DOI: 10.1093/ije/dyp200 [PubMed: 19423658] 

Linden DE, Habes I, Johnston SJ, Linden S, Tatineni R, Subramanian L, Goebel R. 2012; Real-time 
self-regulation of emotion networks in patients with depression. PloS One. 7(6):e38115.doi: 
10.1371/journal.pone.0038115 [PubMed: 22675513] 

Cross et al. Page 14

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lovallo WR, Enoch MA, Acheson A, Cohoon AJ, Sorocco KH, Hodgkinson CA, Goldman D. 2015; 
Early-life adversity interacts with FKBP5 genotypes: Altered working memory and cardiac stress 
reactivity in the Oklahoma Family Health Patterns Project. Neuropsychopharmacology. :1–9. DOI: 
10.1038/npp.2015.347 [PubMed: 25482168] 

Lupien, SJ, Ouellet-Morin, I, Herba, CM, Juster, R, McEwen, BS. Epigenetics and 
Neuroendocrinology. Springer International Publishing; 2016. From vulnerability to neurotoxicity: 
A developmental approach to the effects of stress on the brain and behavior; 3–48. 

Macartney, SE. Child poverty in the United States 2009 and 2010: Selected race groups and Hispanic 
origin. US Department of Commerce, Economics and Statistics Administration, US Census 
Bureau; 2011. Retrieved from https://www.census.gov/prod/2011pubs/acsbr10-05.pdf

Machtinger EL, Cuca YP, Khanna N, Rose CD, Kimberg LS. 2015; From treatment to healing: The 
promise of trauma-informed primary care. Women’s Health Issues. 25(3):193–197. DOI: 10.1016/
j.whi.2015.03.008 [PubMed: 25965151] 

Masten AS, Wright MOD. 1998; Cumulative risk and protection models of child maltreatment. Journal 
of Aggression, Maltreatment & Trauma. 2(1):7–30. DOI: 10.1300/J146v02n01_02

McFarlane AC, Atchison M, Rafalowicz E, Papay P. 1994; Physical symptoms in post-traumatic stress 
disorder. Journal of Psychosomatic Research. 38(7):715–726. DOI: 
10.1016/0022-3999(94)90024-8 [PubMed: 7877126] 

McGowan PO, Sasaki A, D’alessio AC, Dymov S, Labonté B, Szyf M, Meaney MJ. 2009; Epigenetic 
regulation of the glucocorticoid receptor in human brain associates with childhood abuse. Nature 
Neuroscience. 12(3):342–348. DOI: 10.1038/nn.2270 [PubMed: 19234457] 

McLaughlin KA, Peverill M, Gold AL, Alves S, Sheridan MA. 2015; Child maltreatment and neural 
systems underlying emotion regulation. Journal of the American Academy of Child & Adolescent 
Psychiatry. 54(9):753–762. DOI: 10.1016/j.jaac.2015.06.010 [PubMed: 26299297] 

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. 2000; The unity and 
diversity of executive functions and their contributions to complex “frontal lobe” tasks: A latent 
variable analysis. Cognitive Psychology. 41(1):49–100. DOI: 10.1006/cogp.1999.0734 [PubMed: 
10945922] 

Muraven M, Baumeister RF. 2000; Self-regulation and depletion of limited resources: Does self-
control resemble a muscle? Psychological Bulletin. 126(2):247.doi: 10.1037//0033-2909.126.2.24 
[PubMed: 10748642] 

Nanni V, Uher R, Danese A. 2012; Childhood maltreatment predicts unfavorable course of illness and 
treatment outcome in depression: A meta-analysis. American Journal of Psychiatry. doi: 10.1176/
appi.ajp.2011.11020335

Navalta CP, Polcari A, Webster DM, Boghossian A, Teicher MH. 2006; Effects of childhood sexual 
abuse on neuropsychological and cognitive function in college women. The Journal of 
Neuropsychiatry and Clinical Neurosciences. 18(1):45–53. DOI: 10.1176/jnp.18.1.45 [PubMed: 
16525070] 

Nelson CA, Zeanah CH, Fox NA, Marshall PJ, Smyke AT, Guthrie D. 2007; Cognitive recovery in 
socially deprived young children: The Bucharest Early Intervention Project. Science. 318(5858):
1937–1940. DOI: 10.1126/science.1143921 [PubMed: 18096809] 

Nikulina V, Widom CS. 2013; Child maltreatment and executive functioning in middle adulthood: A 
prospective examination. Neuropsychology. 27(4):417.doi: 10.1037/a0032811 [PubMed: 
23876115] 

Nolin P, Ethier L. 2007; Using neuropsychological profiles to classify neglected children with or 
without physical abuse. Child Abuse & Neglect. 31(6):631–643. DOI: 10.1016/j.chiabu.
2006.12.009 [PubMed: 17617456] 

Norman RE, Byambaa M, De R, Butchart A, Scott J, Vos T. 2012; The long-term health consequences 
of child physical abuse, emotional abuse, and neglect: A systematic review and meta-analysis. 
PLoS Med. 9(11):e1001349.doi: 10.1371/journal.pmed.1001349 [PubMed: 23209385] 

Olff M, de Vries GJ, Güzelcan Y, Assies J, Gersons BP. 2007; Changes in cortisol and DHEA plasma 
levels after psychotherapy for PTSD. Psychoneuroendocrinology. 32(6):619–626. DOI: 10.1016/
j.psyneuen.2007.04.001 [PubMed: 17570603] 

Cross et al. Page 15

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.census.gov/prod/2011pubs/acsbr10-05.pdf


Opitz B, Friederici AD. 2003; Interactions of the hippocampal system and the prefrontal cortex in 
learning language-like rules. Neuroimage. 19(4):1730–1737. DOI: 10.1016/
S1053-8119(03)00170-8 [PubMed: 12948727] 

Panchanathan K, Frankenhuis WE. 2016; The evolution of sensitive periods in a model of incremental 
development. Proceedings of the Royal Society B. 283(1823):20152439.doi: 10.1098/rspb.
2015.2439 [PubMed: 26817766] 

Parke RD. 1994; Progress, paradigms, and unresolved problems: A commentary on recent advances in 
our understanding of children’s emotions. Merrill-Palmer Quarterly. 40(1):157–169.

Pechtel P, Lyons-Ruth K, Anderson CM, Teicher MH. 2014; Sensitive periods of amygdala 
development: The role of maltreatment in preadolescence. Neuroimage. 97:236–244. DOI: 
10.1016/j.neuroimage.2014.04.025 [PubMed: 24736182] 

Pollak SD. 2008; Mechanisms linking early experience and the emergence of emotions illustrations 
from the study of maltreated children. Current Directions in Psychological Science. 17(6):370–
375. DOI: 10.1111/j.1467-8721.2008.00608.x [PubMed: 21701602] 

Poobalan AS, Aucott LS, Ross L, Smith WCS, Helms PJ, Williams JH. 2007; Effects of treating 
postnatal depression on mother–infant interaction and child development. The British Journal of 
Psychiatry. 191(5):378–386. DOI: 10.1192/bjp.bp.106.032789 [PubMed: 17978316] 

Powers A, Etkin A, Gyurak A, Bradley B, Jovanovic T. 2015; Associations between childhood abuse, 
posttraumatic stress disorder, and implicit emotion regulation deficits: Evidence from a low-
income, inner-city population. Psychiatry. 78(3):251–264. DOI: 10.1080/00332747.2015.1069656 
[PubMed: 26391833] 

Price CJ, Wells EA, Donovan DM, Rue T. 2012; Mindful awareness in body-oriented therapy as an 
adjunct to women’s substance use disorder treatment: A pilot feasibility study. Journal of 
Substance Abuse Treatment. 43(1):94–107. DOI: 10.1016/j.jsat.2011.09.016 [PubMed: 22119181] 

Putnam FW, Helmers K, Horowitz LA, Trickett PK. 1995; Hypnotizability and dissociativity in 
sexually abused girls. Child Abuse & Neglect. 19(5):645–655. [PubMed: 7664143] 

Ranganath C. 2010; A unified framework for the functional organization of the medial temporal lobes 
and the phenomenology of episodic memory. Hippocampus. 20(11):1263–1290. DOI: 10.1002/
hipo.20852 [PubMed: 20928833] 

Rao H, Betancourt L, Giannetta JM, Brodsky NL, Korczykowski M, Avants BB, Farah MJ. 2010; 
Early parental care is important for hippocampal maturation: Evidence from brain morphology in 
humans. Neuroimage. 49(1):1144–1150. DOI: 10.1016/j.neuroimage.2009.07.003 [PubMed: 
19595774] 

Ross LT, Hill EM. 2002; Childhood unpredictability, schemas for unpredictability, and risk taking. 
Social Behavior and Personality: An International Journal. 30(5):453–473. DOI: 10.2224/sbp.
2002.30.5.453

Sack M, Cillien M, Hopper JW. 2012; Acute dissociation and cardiac reactivity to script-driven 
imagery in trauma-related disorders. European Journal of Psychotraumatology. 3:17419.doi: 
10.3402/ejpt.v3i0.17419

Sanchez MM. 2006; The impact of early adverse care on HPA axis development: Nonhuman primate 
models. Hormones and Behavior. 50(4):623–631. DOI: 10.1016/j.yhbeh.2006.06.012 [PubMed: 
16914153] 

Scaer RC. 2001; The neurophysiology of dissociation and chronic disease. Applied Psychophysiology 
and Biofeedback. 26(1):73–91. DOI: 10.1023/A:1009571806136 [PubMed: 11387861] 

Schneiderman N, Ironson G, Siegel SD. 2005; Stress and health: Psychological, behavioral, and 
biological determinants. Annual Review of Clinical Psychology. 1:607.doi: 10.1146/
annurev.clinpsy.1.102803.144141

Sharma S, Powers A, Bradley B, Ressler KJ. 2016; Gene × environment determinants of stress-and 
anxiety-related disorders. Annual Review of Psychology. 67:239–261. DOI: 10.1146/annurev-
psych-122414-033408

Shields A, Ryan RM, Cicchetti D. 2001; Narrative representations of caregivers and emotion 
dysregulation as predictors of maltreated children’s rejection by peers. Developmental Psychology. 
37(3):321.doi: 10.1037//0012-1649.37.3.321 [PubMed: 11370909] 

Cross et al. Page 16

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Shipman K, Zeman J, Penza S, Champion K. 2000; Emotion management skills in sexually maltreated 
and nonmaltreated girls: A developmental psychopathology perspective. Development and 
Psychopathology. 12(01):47–62. DOI: 10.1017/S0954579400001036F [PubMed: 10774595] 

Simeon D, Guralnik O, Knutelska M, Hollander E, Schmeidler J. 2001; Hypothalamic-pituitary-
adrenal axis dysregulation in depersonalization disorder. Neuropsychopharmacology. 25(5):793–
795. DOI: 10.1016/S0893-133X(01)00288-3 [PubMed: 11682263] 

Skowron EA, Cipriano-Essel E, Gatzke-Kopp LM, Teti DM, Ammerman RT. 2014; Early adversity, 
RSA, and inhibitory control: Evidence of children’s neurobiological sensitivity to social context. 
Developmental Psychobiology. 56(5):964–978. DOI: 10.1002/dev.21175 [PubMed: 24142832] 

Slattery MJ, Grieve AJ, Ames ME, Armstrong JM, Essex MJ. 2013; Neurocognitive function and state 
cognitive stress appraisal predict cortisol reactivity to an acute psychosocial stressor in 
adolescents. Psychoneuroendocrinology. 38(8):1318–1327. DOI: 10.1016/j.psyneuen.2012.11.017 
[PubMed: 23253895] 

Smith AL, Cross D, Winkler J, Jovanovic T, Bradley B. 2014; Emotional dysregulation and negative 
affect mediate the relationship between maternal history of child maltreatment and maternal child 
abuse potential. Journal of Family Violence. 29(5):483–494. DOI: 10.1007/s10896-014-9606-5

Spann MN, Mayes LC, Kalmar JH, Guiney J, Womer FY, Pittman B, Blumberg HP. 2012; Childhood 
abuse and neglect and cognitive flexibility in adolescents. Child Neuropsychology. 18(2):182–189. 
DOI: 10.1080/09297049.2011.595400 [PubMed: 21942637] 

Stein DJ, Koenen KC, Friedman MJ, Hill E, McLaughlin KA, Petukhova M, Bunting B. 2013; 
Dissociation in posttraumatic stress disorder: Evidence from the world mental health surveys. 
Biological psychiatry. 73(4):302–312. DOI: 10.1016/j.biopsych.2012.08.022 [PubMed: 
23059051] 

Steuwe C, Lanius RA, Frewen PA. 2012; Evidence for a dissociative subtype of PTSD by latent profile 
and confirmatory factor analyses in a civilian sample. Depression and Anxiety. 29(8):689–700. 
DOI: 10.1002/da.21944 [PubMed: 22653764] 

Stevens JS, Jovanovic T, Fani N, Ely TD, Glover EM, Bradley B, Ressler KJ. 2013; Disrupted 
amygdala-prefrontal functional connectivity in civilian women with posttraumatic stress disorder. 
Journal of Psychiatric Research. 47(10):1469–1478. DOI: 10.1016/j.jpsychires.2013.05.031 
[PubMed: 23827769] 

Tarullo AR, Gunnar MR. 2006; Child maltreatment and the developing HPA axis. Hormones and 
Behavior. 50(4):632–639. DOI: 10.1016/j.yhbeh.2006.06.010 [PubMed: 16876168] 

Teicher MH, Andersen SL, Polcari A, Anderson CM, Navalta CP, Kim DM. 2003; The neurobiological 
consequences of early stress and childhood maltreatment. Neuroscience & Biobehavioral 
Reviews. 27(1):33–44. DOI: 10.1016/S0149-7634(03)00007-1 [PubMed: 12732221] 

Teicher MH, Samson JA, Anderson CM, Ohashi K. 2016; The effects of childhood maltreatment on 
brain structure, function and connectivity. Nature Reviews Neuroscience. 17(10):652–666. DOI: 
10.1038/nrn.2016.111 [PubMed: 27640984] 

Thomaes K, Dorrepaal E, Draijer N, de Ruiter MB, van Balkom AJ, Smit JH, Veltman DJ. 2010; 
Reduced anterior cingulate and orbitofrontal volumes in child abuse-related complex PTSD. 
Journal of Clinical Psychiatry. 71(12):1636.doi: 10.4088/JCP.08m04754blu [PubMed: 20673548] 

Thomaes K, Dorrepaal E, Draijer N, Jansma EP, Veltman DJ, van Balkom AJ. 2014; Can 
pharmacological and psychological treatment change brain structure and function in PTSD? A 
systematic review. Journal of Psychiatric Research. 50:1–15. [PubMed: 24321592] 

Tomoda A, Suzuki H, Rabi K, Sheu YS, Polcari A, Teicher MH. 2009; Reduced prefrontal cortical 
gray matter volume in young adults exposed to harsh corporal punishment. Neuroimage. 47:T66–
T71. DOI: 10.1016/j.neuroimage.2009.03.005 [PubMed: 19285558] 

Tottenham N, Sheridan MA. 2010; A review of adversity, the amygdala and the hippocampus: A 
consideration of developmental timing. Frontiers in Human Neuroscience. 3:1–18. DOI: 10.3389/
neuro.09.068.2009

Tottenham N, Hare TA, Quinn BT, McCarry TW, Nurse M, Gilhooly T, Thomas KM. 2010; Prolonged 
institutional rearing is associated with atypically large amygdala volume and difficulties in 
emotion regulation. Developmental Science. 13(1):46–61. DOI: 10.1111/j.
1467-7687.2009.00852.x [PubMed: 20121862] 

Cross et al. Page 17

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Trickett PK, Noll JG, Putnam FW. 2011; The impact of sexual abuse on female development: Lessons 
from a multigenerational, longitudinal research study. Development and Psychopathology. 
23(02):453–476. [PubMed: 23786689] 

Trickett PK, Noll JG, Susman EJ, Shenk CE, Putnam FW. 2010; Attenuation of cortisol across 
development for victims of sexual abuse. Development and Psychopathology. 22(01):165–175. 
DOI: 10.1017/S0954579409990332 [PubMed: 20102654] 

Tyrka AR, Burgers DE, Philip NS, Price LH, Carpenter LL. 2013; The neurobiological correlates of 
childhood adversity and implications for treatment. Acta Psychiatrica Scandinavica. 128(6):434–
447. DOI: 10.1111/acps.12143 [PubMed: 23662634] 

van Harmelen AL, van Tol MJ, Dalgleish T, van der Wee NJ, Veltman DJ, Aleman A, Elzinga BM. 
2014; Hypoactive medial prefrontal cortex functioning in adults reporting childhood emotional 
maltreatment. Social Cognitive and Affective Neuroscience. 9(12):2026–2033. DOI: 10.1093/
scan/nsu008 [PubMed: 24493840] 

Wendelken C, Bunge SA. 2010; Transitive inference: Distinct contributions of rostrolateral prefrontal 
cortex and the hippocampus. Journal of Cognitive Neuroscience. 22(5):837–847. DOI: 10.1162/
jocn.2009.21226 [PubMed: 19320546] 

Werner, K, Gross, JJ. Emotion regulation and psychopathology: A conceptual framework. In: Kring, 
AM, Sloan, DM, editors. Emotion Regulation and Psychopathology: A Transdiagnostic 
Approach to Etiology and Treatment. New York: Guilford Press; 2010. 31–37. 

Xie P, Kranzler HR, Poling J, Stein MB, Anton RF, Farrer LA, Gelernter J. 2010; Interaction of 
FKBP5 with childhood adversity on risk for post-traumatic stress disorder. 
Neuropsychopharmacology. 35(8):1684–1692. DOI: 10.1038/npp.2010.37 [PubMed: 20393453] 

Zaba M, Kirmeier T, Ionescu IA, Wollweber B, Buell DR, Gall-Kleebach DJ, Holsboer F. 2015; 
Identification and characterization of HPA-axis reactivity endophenotypes in a cohort of female 
PTSD patients. Psychoneuroendocrinology. 55:102–115. [PubMed: 25745955] 

Zimmermann P, Brückl T, Nocon A, Pfister H, Binder EB, Uhr M, Ising M. 2011; Interaction of 
FKBP5 gene variants and adverse life events in predicting depression onset: results from a 10-
year prospective community study. American Journal of Psychiatry. 168(10):1107–1116. DOI: 
10.1176/appi.ajp.2011.10111577 [PubMed: 21865530] 

Zolotor AJ, Theodore AD, Coyne-Beasley T, Runyan DK. 2007; Intimate partner violence and child 
maltreatment: Overlapping risk. Brief Treatment and Crisis Intervention. 7(4):305.doi: 10.1093/
brief-treatment/mhm021

Cross et al. Page 18

Clin Psychol (New York). Author manuscript; available in PMC 2019 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Neurobiological Development in the Context of Childhood Adversity
	Overview of the Neurobiological Impact of Childhood Trauma
	Impact of Childhood Trauma on Executive Function
	Impact of Childhood Trauma on Emotion Regulation
	Impact of Childhood Trauma on Dissociation and Interoceptive Awareness
	Opportunities for Intervention
	Limitations
	Conclusion
	References

