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Abstract 

Advancements in neuroimaging techniques afford researchers the opportunity to examine 

the actual brains of living persons, which exponentially contributes to new insights 

regarding brain and behavior phenomena. However, empirical studies investigating stress 

and the hippocampus attend primarily to adult populations - less on children and 

adolescents. Covariates such as the type of trauma, the duration and severity of the abuse, 

genetic predispositions, gender, poverty, and age often present as confounding factors 

that muddle the attempts to establish linkages between interpersonal, environmental, and 

neurobiological correlates. Although researchers primarily agree that traumatic early life 

stress (TELS) has some impact on early brain development, there is a lack of consensus 

around specific causes and the strength of influence. Tenets from Charcot's trauma theory 

and Selye's general adaptation syndrome organized the development of a meta-analysis 

which carefully examined the relationship between TELS and aberrant hippocampal 

development. Study selection was based on PRISMA standards, which provide a 

template of a 27-item qualitative checklist for the writing and reviewing of research using 

secondary data sources. Criteria for inclusion resulted in 22 studies identified for 

preliminary analysis and 9 for the final report. The analysis revealed a vast range in 

individual study effect sizes (d = 0.000 to -1.892). The cumulative analysis of p values 

ranged from p = .005 (random effects) to p < .001 (fixed effects) indicated a relationship 

between TELS and hippocampal development existed and underscored the necessity for 

researchers to shift more attention and resources to how covariates influence effect size 

differences. 
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Chapter 1: Introduction to the Study  

Abnormal hippocampal change is frequently associated with severe episodic or 

chronic stress in the neuroscientific literature. How stress affects the developing brain is 

obscured by several factors and conditions, such as the type of stressor, the duration of 

the stressor, the severity of the stressor, age, genetic predispositions, gender, economic 

deprivation, the timing of the insult, and many other variables not yet uncovered by 

researchers. Although deemed as one of the most frequently studied parts of the brain, 

research relative to hippocampal dysfunction tends to concentrate on related diseases and 

disorders like Alzheimer's and dementia,  borderline personality disorder (BPD), 

posttraumatic stress disorder (PTSD), or major depressive disorder (MDD; Karl et al., 

2006; Nunes et al., 2009; O’Doherty, Chitty, Saddiqui, Bennett, & Lagopoulos, 2015; 

Hollands, Bartolotti, & Lazarov, 2016). Furthermore, there are very few meta-analytic 

studies that investigate traumatic stress and hippocampal morphology. The few meta-

analytical studies which published results on hippocampal dysfunction and traumatic 

stress analyzed data gleaned from adult or mixed-aged populations. Meta-analytical 

research dedicated to studying the relationship between hippocampal development and 

traumatic early life stress (TELS) in primary studies with participants under the age of 30 

at the time of the investigation, may be rare. 

This research comprises the results of a quantitative meta-analysis that assessed 

the magnitude, strength, and direction of the relationship between TELS and 

hippocampal structural and volumetric change as measured by magnetic resonance 

imaging (MRI) in the developing brain. I selected the hippocampus for study because of 
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its crucial role in social adaptation, memory, and learning and because of its association 

with various types of psychiatric disorders and disease. The parameters of inclusion are 

early life experiences of traumatic stress in developing brains, as verified through MRI 

brain scans. Early life experiences, as defined in this research, include those that occurred 

from birth through late adolescence. Traumatic stress includes chronic or episodic 

exposure to any or all the experiences of severe neglect, poverty, physical abuse, sexual 

abuse, and psychological trauma including verbal abuse that results in the experience of 

an intense sense of powerlessness, fear, anxiety, deprivation, isolation, or physical and 

emotional pain (Herman, 1992). The developing brain defines the evolution of the brain's 

structural change and function that occurred from conception until young adulthood 

(Casey, Tottenham, Liston, & Durston, 2005). The use of MRI was fundamental to the 

analysis of this research as the foci included hippocampal structural and volumetric 

changes that are effectively measured through this type of instrumentation.  

In the remainder of this section, I offer the rationale for conducting this research 

project. Included in the Background section of this chapter is a discussion on TELS and a 

brief overview of historical and recent trends in neuropsychological research regarding 

TELS and its impact on the brain. The purpose of the study and the theoretical basis that 

informs the research process are addressed. The rationale for the choice of the 

methodology is reviewed. Also included is an overview of the variables, covariates, and 

how these factors connect to the theoretical precepts. Chapter 1 concludes with a 

summary of the scope, delimitations, limitations, and contributions that can be made as a 

result of the analysis. 
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Background 

Although some stress is considered normal, and even necessary, for adequate 

brain development (Fonzo, 2013; Selye, 1950), exposure to traumatic stress in childhood 

can result in adverse morphological changes in the brains of adult populations (Andersen 

et al., 2008; Carrion, Weems, & Reiss, 2007; Edmiston et al., 2011; Hanson et al., 2010). 

However, evidence substantiating the strength or influence of traumatic stress on 

developing brains, and the way covariates influence this problem, lacks consensus.  

Traumatic stress is characterized by a real or perceived sense of life-threatening 

danger. Herman’s (1992) definition of trauma distinguished the psychological perception 

of traumatic stress by feelings of powerlessness and helplessness. Exposure to TELS has 

been linked to cognitive problems, language delays, and behavioral problems in children 

(Bassuk et al., 2014; Behen et al., 2009; Carrion et al., 2001). Traumatic stress is also a 

cofactor in many psychiatric disturbances, such as depression, PTSD, bipolar disorder, 

and anxiety (Baykara et al., 2012; Kemp & Felmingham, 2008).  Additionally, traumatic 

stress is often the root cause of antisocial behavior, aggression, delinquency, and drug 

abuse (Raineki, Cortés, Belnoue, & Sullivan, 2012; Siever, 2008). 

This meta-analysis measured the effect size of 22 matched studies to analyze the 

magnitude, strength, and direction of the relationship between TELS and aberrant 

morphological changes in the hippocampus. The hippocampus was selected because it 

coordinates or co-facilitates many vital functions, including the regulation of declarative 

memory, spatial relationships, and response inhibitions. Declarative memory organizes 

and stores facts and details of events. Spatial relationships help to determine where we 
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are, how we got there, and where we need to go. The inhibitory response functions 

interpret and regulate afferent and efferent connections to the limbic system, thereby 

contributing to regulating mood and emotion (Hanson & Chung, 2012; Jackowski et al., 

2011; Van der Kolk, 1994). Disruptions in these areas can create long-term consequences 

that extend over a lifetime.  

One of the goals of this study was to contribute new information to the knowledge 

base regarding the relationship between TELS and biological adaptations in the 

hippocampus. During the analysis of data, several covariates, such as type and duration of 

trauma, gender, and age, were identified as significant confounding variables that warrant 

further investigation. Expanding the scientific knowledge of the relationship between all 

variables can further development of clinical interventions that sustain brain and 

psychological health. According to Perry (2009), when clinical interventions are 

explicitly linked to the area where dysregulation originated, in this instance, to the injured 

area of the hippocampus, treatment would be in alignment with the stages of neuronal 

development, and interventions would become more precisely attuned. 

Problem Statement 

TELS is a crucial factor in the modification and reprogramming of the developing 

brain. However, there has been little effort to establish the precise degree of influence 

TELS has on early hippocampal development. Furthermore, many covariates such as the 

type of stressor, the duration and the severity of the stressor, genetic predispositions, 

gender, economic deprivation, racism and discrimination, and timing of the insult (Baker 

et al., 2013; Kaur, 2014; Nemeroff, 2016) serve as a continuous source of debate, and 
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firm conclusions cannot ascertain. The lack of consensus amongst early childhood trauma 

researchers seems to be a systemic problem that may also inhibit the progress of 

standardized investigative procedures and protocols in this particular branch of research. 

As stated earlier, some stress is considered normal, and even necessary, for 

adequate brain development (Fonzo, 2013; Selye, 1950). Chronic exposure to traumatic 

stress in childhood, however, exacerbates certain risks to neuroanatomical development.  

Researchers lack agreement regarding the risk factors and the critical periods of 

sensitivity that may contribute to these aberrant changes. For example, out of a sample of 

33 empirical studies published between 2001 and 2017 that examined hippocampal 

development and TELS in participants of all ages, one study focused on the factor of 

timing relative to hippocampal vulnerability (Andersen et al., 2008; also see Hambrick, 

Brawner, & Perry, 2019). In another study, researchers considered individual differences 

in developing brains as a key in the identification of risk (Koolschijn, van IJzendoorn, 

Bakermans-Kranenburg, & Crone, 2013). A different study concluded that environmental 

factors, such as poverty or illness of a primary caretaker, had more of an impact on how 

the brain developed (Ritchie et al., 2012). These conclusions may all have validity, but 

the literature lacks conclusive evidence and consensus to make any of the conclusions 

absolute. What is now required, more than 30 years into brain and trauma research, is a 

clear and definitive statement describing the exact magnitude, strength, and direction of 

the relationship between traumatic stress in early life and adverse brain development. 

Conditions and factors that produce this vulnerability also need to be precisely identified.  
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Although the hippocampus is one of the most frequently studied parts of the brain, 

meta-analytical research, an approach that can significantly enhance investigative efforts, 

are rare. One of the complications in brain and trauma studies is that participant pool per 

study may be small. A sound meta-analysis can collect and analyze data from numerous 

small studies and produce data that a single study cannot provide. 

For this research study, the independent variable (IV) is TELS, and the dependent 

variables (DVs) are hippocampal volume and structure. Inclusion criteria require 

participants under the age of 30 who have had a clinical assessment to substantiate 

exposure to TELS and an MRI scan to determine the extent of hippocampal change. 

Meta-analytical research specific to hippocampal morphology tends to focus on related 

disorders and diseases like BPD, PTSD or MDD (O’Doherty et al., 2015; Nunes et al., 

2009; Karl et al., 2006;). Moreover, most meta-analytic studies, as is the case with 

primary research studies, tend to draw data from middle and older adult populations. 

A search on Google Scholar using keywords representing the research variables 

(e.g.., meta-analysis + traumatic early life stress + hippocampus + MRI), and published 

between 2012 and 2017, produced approximately 11,000 results. A careful review of 

search results produced only 19 meta-analytical research studies like the current study but 

lacked the specificity for inclusion criteria. This meta-analysis could represent a first of 

its kind using the variables outlined for inclusion. Findings from this research can 

significantly contribute to the body of empirical evidence relevant to brain and trauma. 
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Purpose of Study 

This meta-analysis was designed to quantitatively explicate the effects of TELS 

on the hippocampus of the developing brain. The parameters of this research included the 

following definitions: traumatic experiences include sexual abuse, physical abuse, 

exposure to family violence, emotional neglect, physical neglect, poverty, abandonment, 

and psychological abuse. Racism, sexism, and other forms of discrimination, as well as 

exposure to community violence, bullying, and terrorism as traumatic experiences, may 

not be isolated stressors in this research, but are considered and categorized as forms of 

emotional and psychological abuse. Early life, in this research, is defined as the period of 

life experiences that occur between the ages of 0 and late adolescence.  

Summarizing, this study examined the relationship between TELS (IV) and 

hippocampal volume and structure (DVs) as measured through MRI scans in developing 

brains. The hippocampus is an essential part of brain functioning as it contributes to 

memory and spatial relations. The results of this investigation can support ongoing efforts 

to enhance assessment and treatment protocols for the affected population. Future 

investigative efforts to deepen understanding of the complicated relationship between 

TELS and hippocampal change, and the effects of age, gender, and other covariates is 

essential. 

Research Question and Hypotheses 

This study examined the relationship between TELS (IV) and hippocampal 

development, particularly hippocampal structure and volume (DVs) in the developing 

brain.  
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RQ: To what extent does the exposure to TELS impact the structure and 

volumetric measures of the hippocampus in the developing brain? 

H0: There is no relationship between TELs and aberrant morphological changes in 

the hippocampus of the developing brain. 

H1: There is a relationship between TELs and aberrant morphological changes in 

the hippocampus of the developing brain. 

In each of the final selected studies, all criteria for selection were met: a licensed 

clinical professional assessed the nature of the stressor or type of traumatic experience in 

participants who were under the age of 30. MRI measures of controls and 

demographically matched comparison group participants were also documented in the 

empirical research. 

Theoretical Framework: Trauma Theory and Selye’s Adaptation Theories 

The seminal works of Charcot (1881) and Selye (1950) served as the theoretical 

foundation to inform the research methodology in this study. Their theories are discussed 

briefly here and more in-depth in the Literature Review of this study. 

The concept of traumatic stress as an etiological variable of psychiatric and 

physical illness is linked primarily to the 19th-century French neurologist, Jean-Martin 

Charcot. In his work with sexually traumatized women, Charcot began to develop a 

theory that would link traumatic experiences to psychiatric disorders (Kumar, Aslinia, 

Yale, & Mazza, 2011). Before Charcot’s research, physicians generally regarded 

psychological symptoms to be indicative of a physiological disorder. For example, 

hysteria, physicians who diagnosed in women believed the symptoms to originate in the 
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uterus. So, to cure hysteria, the patient would undergo a hysterectomy. Charcot would 

argue that the origin of many disorders such as psychiatric and physical disorders such as 

paralysis, amnesia, sensory loss, or convulsions, could be linked to psychological trauma 

(Ringel, 2012; Kumar et al., 2011). Charcot’s students, like Sigmund Freud and Pierre 

Janet (Ringel, 2012), would further the development of trauma theory.  

Selye’s (1950, 1976) theories of general adaptation syndrome (GAS) and local 

adaptation syndrome (LAS) provided the catalyst that moved research on traumatic stress 

from the psychological to the neurobiological arena. Selye suggested that living 

organisms had the innate ability to adapt themselves to changes in their surroundings. He 

argued that adaptation was an evolutionary process necessitated by the organism’s will to 

survive (Selye, 1952). 

Contemporary neuroscientists, including Bessel Van der Kolk (2003); Michael De 

Bellis (2002); Susan Andersen (2008); Douglas Bremner (2005); Bruce Perry (2009); 

Martin Teicher (2012); and Thomas Frodl (2010) have presented strong evidence that 

suggests traumatic stress, particularly in early life, can produce adverse neurobiological 

responses. Their research observations, also gathered from brain scan imaging 

technology, underscore the enormous capacity traumatic stress has in altering the actual 

physical shape and volume of the human brain. That these alterations are potentially 

adaptive, maladaptive, reversible, or permanent are issues that demand continued 

examination. The theoretical constructs of trauma theory and GAS, combined with 

neuroscientific clinical findings from contemporary researchers, served to inform the way 

I conducted this current analysis.  
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Nature of Study 

The independent variable is TELS, and the dependent variables include 

hippocampal volume and structure. For review, stressors include any or all the following: 

sexual abuse, physical abuse, exposure to family violence, exposure to and the experience 

of severe neglect, including emotional and physical neglect, poverty, abandonment, and 

psychological trauma, including verbal abuse. Hippocampal volume is relative to mass, 

and the hippocampal structure is defined by boundary. Mass and boundary were 

measured through an MRI scan of developing brains. The effect size was analyzed 

against MRI measures of demographically matched comparison group participants with 

no exposure to TELS. Some of the major covariates identified in this body of research 

include age at the time of insult, stages of development, gender, genetic propensities, the 

timing of insult, severity, duration of abuse, and poverty. These confounding variables 

will be addressed in detail in subsequent chapters. 

The clinical studies identified for the final analysis had varying numbers of 

participants ranging from n12 (Veer, 2015) to n63 (Morey, 2016). I conducted a 

cumulative meta-analytical technique which assigned weights to the standard deviations 

of each study. Assigning weights to specific variables balances the evidence so that no 

one individual study can over-shadow another. Cumulative meta-analytic approaches are 

further addressed in Research Design and Rationale.  
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Definition of Terms 

Abandonment includes the failure to provide reasonable support and/or to 

maintain regular contact with a child. Abandonment can be physical, psychological, or 

both (Child Welfare Information Gateway, 2016). 

Developing brain defines the evolution of brain structural change and function 

that occurs from conception until young adulthood (Casey, Tottenham, Liston, & 

Durston, 2005). 

Domestic/Family violence includes actual or threatened physical, sexual, or 

emotional abuse among adults in an intimate partnership or directed at former spouses or 

partners of children who witness or are exposed to domestic violence. Many states 

constitute the witnessing of domestic violence within the neighborhood as a form of child 

abuse (Evans, Davies, & DiLillo, 2008). 

Early childhood trauma refers to exposure to traumatic experiences between birth 

and age 6 (The National Child Traumatic Stress Network, 2017). 

Early life experiences are defined as life experiences occurring from the ages of 0 

to late adolescence (Hambrick, Brawner, & Perry, 2019). 

Hippocampal structure is defined by its shape and borders. The hippocampus 

borders the amygdala, the temporal horn of the lateral ventricle, and the pulvinar, the 

largest nucleus of the thalamus. The hippocampus is segmented into three major 

components, which include the dorsal hippocampus, ventral hippocampus, and the 

intermediate hippocampus. (Lenroot & Giedd, 2006)  
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Hippocampal volume is determined by its mass or density. Calculations are made 

using complicated MRI and tracing procedures which segment the area and distinguishes 

grey matter and white matter and the possible presence (or lack) of other fluids (Hayman, 

Fuller, Pfleger, Meyers, & Jackson, 1998; Keller & Roberts, 2009; Obenaus, Yong-Hing, 

Tong, & Sarty, 2001; Wu et al., 2018). 

Neglect is defined by the inability or unwillingness of a parent or caregiver to 

provide for age-appropriate basic needs, including food, clothing, shelter, and medical 

attention. Neglect can also manifest as educational neglect, exposing a child to dangerous 

living situations, abandonment, leaving the child in the care or custody of persons who 

are incapacitated. Emotional neglect is the lack of adequate nurturing and affection and 

includes withholding love, rejecting a child, and ignoring a child’s emotional needs 

(Child Welfare Information Gateway, 2016). 

Neuroanatomy is a branch of neurology focused on the anatomical structures of 

the nervous system (APA, 2017). 

Neurobiology is the scientific study of the biological processes of the nervous 

system (APA, 2017)). 

Neurology focuses on the anatomy, physiology, and organic diseases of the 

nervous system in both research and diagnosis of diseases (APA, 2017)). 

Neuroscience focuses on the development, structure, function, chemistry, and 

pathology of the nervous system (APA, 2017). 
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Neuroanatomical hand tracing is an imaging technique that utilizes computerized 

tracing devices that capture the boundaries of tissue and visually reproduces the 

connections of neuronal branches (Köbbert et al., 2000). 

Neuroimaging instruments include computed tomography, diffusion tensor 

imaging, functional MRI, positron emission tomography, MRI, magnetic resonance 

spectrometry (Laviña, 2016; Rinne-Albers, Van Der Wee, Lamers-Winkelman, & 

Vermeiren, 2013). 

Physical abuse is the intentional and excessive infliction of physical pain that 

results in psychological damage or physical injury, and in extreme cases, death (Child 

Welfare Information Gateway, 2016). 

Posttraumatic stress disorder (PTSD) is an anxiety disorder rooted in traumatic 

events such as combat, natural disaster, crime, or accidents. It may impact personal 

relationships and health (APA, 2017). 

Sexual abuse includes an array of sexual behaviors such as exposure to or 

victimization in pornography, physical bodily contact that includes actual penetration to 

fondling, abusive language of a sexual nature, genital exposure. These acts can occur 

between same-age children or a child and an older person (Child Welfare Information 

Gateway, 2016). 

Toxic stress is the accumulation of stressors that trigger prolonged activation of 

the stress response systems, which poses risks of damage to or disruptions in the 

development of brain architecture and other organ systems, thereby increasing the risks 

for stress-related disease and cognitive impairment (Franke, 2014). 



14 

 

 

Traumatic early life stress, as defined in this study, refers to traumatic 

experiences occurring between birth through late adolescence. Traumatic stress includes 

any of the following: sexual abuse, physical abuse, exposure to family violence, exposure 

to and the experience of severe neglect including emotional and physical neglect, 

poverty, abandonment, and psychological trauma, including verbal abuse. These 

experiences result in an intense sense of powerlessness, fear, anxiety, deprivation, 

isolation, physical and emotional pain, and a pervasive absence, either real or perceived, 

in safety, security, and belonging needs (Herman, 1992). 

Traumatic grief occurs when a child’s ability to experience the typical process of 

bereavement is compromised, rendering the child either frozen or stuck in the grief 

process, resulting in severe psychological and emotional impairment (The National Child 

Traumatic Stress Network, 2017). 

Assumptions 

The impetus for this research project is rooted in the assumption that the safety, 

health, and well-being of any child are significantly enhanced through empirical 

knowledge. Most researchers concur that the developmental and neurobiological 

responses to trauma and stress in the human body are poorly understood; therefore, 

continued effort to grasp the complexity of TELS is crucial to the welfare of the victims.  

For this analysis, I assumed that the empirical studies selected for review were 

employing the highest ethical standards while conducting research with human subjects 

while utilizing the most effective scientific protocols, with results recorded in entirety. I 

also assumed that the statistical protocols used to measure data from each selected study 
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were followed to increase reliability and validity. I assumed that all participants included 

in the selected empirical studies were free from severe psychiatric disturbances and the 

use of medications or intoxicants that could impact results during scanning. I understood 

that brain differences in the participants could be influenced by neurobiological diathesis. 

Additionally, it is reasonable to assume that the timing, chronicity, and experience of 

reported trauma may differ significantly between groups, thereby contributing to 

variations in how data is viewed and recorded. Lastly, I assumed that any between-study 

variances would have a minimal effect on the final statistical results. 

Scope and Delimitations 

This research only focused on the relationship between TELS and hippocampal 

structure and volume. Various parts of the limbic system, like the amygdala, are also 

referenced if they are an integral part of the limbic system.  

I analyzed data from 9 empirical studies that assessed the relationship between 

early traumatic stress and hippocampal structural and volumetric changes in participants 

under the age of 30. Jackson & Turner (2017) demonstrated that a sound meta-analysis 

requires five or more studies to achieve statistical power to detect effects when using a 

random-effects approach. 

Although it could have been possible to study other areas of the brain, such as the 

amygdala or prefrontal cortex, I chose to focus on the hippocampus because of the 

significance of social, emotional, and cognitive functioning concerning health and well-

being. By understanding the relationship between TELS and hippocampal change, future 
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investigative efforts to elucidate the covariates of age, stages of development, and 

specific stressors can be justified. 

The studies under analysis were published between 2001 and 2017. All were 

focused on hippocampal development and TELS. All but one study included both control 

and demographically aged-matched comparison groups. All studies used both clinical 

assessment instruments and MRI scans to evaluate the relationship between the IV and 

DV variables.  

Many research studies on TELS and brain development recruited participants 

within the same study whose ages spanned across the human lifetime. It is outside of the 

scope of this research to include all age groups. The age span of this study, childhood to 

early adulthood years, reflects changes that could occur while the hippocampus is still in 

physiological development. Isolating morphological changes that occur during the 

developmental stages may help resolve certain debates. One such debate, for example, is 

focused on whether smaller hippocampal volume is a causative factor increasing 

pathological risks versus chronic stress as the cause of smaller hippocampal volume, 

which then increases the risks for pathology (Gianaros et al., 2007; Lindgren, Bergdahl, 

& Nyberg, 2016). Certain factors, such as the age at the time of insult versus the age at 

the time of the study, as well as the type, duration, and severity of the stressor(s), could 

pose as confounding variables relative to morphology in brain development. I did not 

address these variables in detail but referenced any unusual or significant findings and the 

possibilities associated with interpretations of data. 
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This research project only included studies that utilized MRI technology to 

measure hippocampal volume and structure in documented cases involving TELS. Data 

collected from other types of brain scan devices do not align with the purpose of this 

research. For example, fMRI assesses the relationship between behavior and biochemical 

activity in the brain during testing. Other types of brain imaging technology, including 

diffusion tensor imaging, positron emission tomography, and computed tomography, 

measure different functions of the brain.  

Finally, it is recognized that many factors can influence brain development and 

subsequent personality, behavioral, social, and emotional response mechanisms. 

However, it is beyond the scope of this research to account for all the individual, cultural-

social, gender, and genetic differences that serve as confounding factors. There will be 

references made to covariates that frequently appear in association with relative effect 

size. Otherwise, the primary focus of the meta-analysis is to identify the magnitude, 

strength, and direction of the effect size between the IV and DVs under study. 

Limitations 

Ensuring homogeneity in selected research studies has been the most difficult 

challenge of this study. For example, the variation in ages of participants and the numbers 

of participants studied may pose as mitigating factors. In the initial review process for 

this meta-analysis, the numeric range of participants varied from 15 to 427 participants 

with an age range of 5 weeks to 87 years. Huge variances in sample size and age 

differences can influence the interpretation of data significantly. As stated previously, the 

literature search for inclusion targeted an age range from 3 to 28 years of age. 
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The types of clinical assessment tools used in research studies vary. However, all 

the tools are similar in assessing types of abuse and age at the time of the original trauma. 

These variations may significantly influence the way the clinical assessment data is 

interpreted, and gradients of stress are measured. Efforts have been made to ensure that 

common questions to assess types of trauma appear throughout the 22 studies in this 

research, and the presence of emotional, physical, or psychological trauma is clearly 

documented. For this study, allowances have been made to accept the clinical assessment 

protocols as valid if references to stress or maltreatment are identified in the assessment 

questionnaire or interview. Any significant differences amongst the selected studies 

under review will be referenced.  

The use of MRI technology is critical to the analysis of this project because the 

measures of hippocampal structure and volume correlated with levels of traumatic stress 

are the primary variables under investigation. The studies reviewed were from 2001 to 

2017 and reflect the rapidity of growth in the MRI technology employed over these years. 

Different magnification properties of MRI instruments, as well as neuroanatomical hand 

tracing techniques used to assess brain size, will reflect the structural and volumetric 

changes, if any, in the hippocampus. One project may use a 1.5 Tesla machine, and 

another may use a 3 Tesla machine, although it has been reported that these instruments 

function similarly when scanning for structure and volumetric measures (Wood, Bassett, 

Foerster, Spry, & Tong, 2012a). Accurate interpretations of any brain scan are highly 

dependent on the capacity of magnification properties of the machine as well as the skill 

of the technician in decoding the images. It is beyond the scope of this review, and the 
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current level of my technological expertise, to analyze or predict how the differences in 

technology may influence the interpretation of data. 

Significance of Study 

Trauma theorists fundamentally agree that consequences of adverse childhood 

factors are significantly influenced by personality, gender, genetics, family dynamics, 

social-cultural factors, poverty, and other variables that determine vulnerability, 

resiliency, or resistance (Butterworth, Cherbuin, Sachdev, & Anstey, 2012; Everaerd et 

al., 2012; Garmezy & Streitman, 1974). What remains uncertain is the processes involved 

that produce the disproportionately high rates of severe mental health conditions 

diagnosed yearly in some young people but not in others. According to the Citizens 

Commission on Human Rights (CCHR, 2017), there are over 8 million children between 

the ages of birth and 17 years of age who are prescribed various types of psychotropic 

medications. With 74 million children under the age of 18 in the United States (United 

States Census, 2018), this means that 10.81% of the child population is suffering from a 

diagnosable mental illness. In 2017, the Centers for Disease Control and Prevention 

(CDC) identified suicide as the second leading cause of death for persons aged 10–24.  

The economic burden linked to the experiences of TELS is enormous. According 

to the CDC, the costs incurred through every new child protective cases in any given year 

can exceed 124 billion dollars when expenses for case management, criminal justice fees, 

disease, and health care expenditures, foster care or institutional care, and special 

education are considered (as cited in Fang, Brown, Florence, & Mercy, 2012).  Peterson, 
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Florence, and Klevens (2018) estimated the economic burden of child maltreatment in the 

United States to be at 2 trillion dollars.  

The insight gathered from this study could be shared with policymakers, program 

administrators, grant funders, and other entities who legislate and fund efforts to protect 

and treat this vulnerable population. The research can also support efforts to support the 

development of new and innovative clinical approaches to early identification, 

intervention, and treatment of the numerous consequences produced by TELS. 

Summary 

The hippocampus is one of the most frequently studied parts of the brain, yet 

meta-analytical research specific to hippocampal morphology is scarce, particularly with 

populations under the age of 30. Most scientific research dedicated to the study of stress 

and its interaction with the brain has been focused on the aftermath of psychiatric disease 

and disorders in adult populations. This meta-analysis seeks to elucidate the effects of 

TELS on the hippocampus of the developing brain. TELS includes sexual abuse, physical 

abuse, exposure to family violence, emotional neglect, physical neglect, poverty, 

abandonment, and psychological abuse. The research question is: to what extent does the 

exposure to TELS impact the shape or the volumetric measures of the hippocampus in 

developing brains?  

The data used in the preliminary analysis was taken from 22 research studies that 

were published between 2001 and 2017. Nine of these studies were selected for the final 

analysis. All nine empirical studies were focused on hippocampal development and 

TELS; all but one study used both control and demographically aged-matched 
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comparison groups. All studies used clinical assessment instruments and an MRI scan to 

evaluate the relationship between TELS and hippocampal volume and structural changes. 

The number of control group participants totaled n294; comparison group 

participants totaled n474. The number of male participants in the final studies totaled 

n129; the numbers of non-White participants represented less than 7% of the total 

population of N=768 participants.  Knowledge gleaned from this current research can 

also support the continued efforts to improve clinical interventions for the prevention, 

early identification, and treatment of psychiatric disorders and behavioral problems 

stemming from TELS.  
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Chapter 2: Literature Review 

Introduction to Literature Review 

Recent neuroscientific studies have consistently linked TELS to specific 

abnormalities in the developing brain (Anderson, 2012, 2008; Carrion, 2007, 2001; De 

Bellis, 2006, 2002). How stress affects the brain is obfuscated by several factors and 

conditions, such as the type of stressor, the duration of the stressor, the severity of the 

stressor, age, genetic predispositions, gender, economic deprivation, and the timing of the 

insult. The current meta-analysis examined the degree of influence TELS has in 

relationship to aberrant development in the hippocampal region of the developing brain. 

The analysis included 22 MRI-supported studies published between 2001 and 2017 with 

participants representing early childhood through young adulthood, and who have been 

assessed as TELS survivors. Nine of these studies were chosen for closer analysis and 

comprised the focus of this project. Current and historical research from peer-reviewed 

publications is presented in this section to support the justification of continued research 

in TELS and its impact on hippocampal development. 

The Literature Review begins with a highlight of the search strategies used to 

gather data followed by a discussion of trauma theory and general adaptation theory, 

which are the theoretical foundations guiding this meta-analysis. The subsequent section 

links these seminal theories to the research hypothesis by assimilating the data from 

current research to provide a contemporary overview of the brain’s response to traumatic 

stress.  
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The main body of the Literature Review is divided into several subsections, 

including the anatomy and function of the hippocampus; a discussion on how TELS 

influences its development; and how these variables relate to psychopathology and 

disease. A basic understanding of the role of MRI is also included. I present a brief 

discussion on the various types of MRI instruments utilized in the studies selected for 

analysis, as well as the various types of clinical assessment tools used to determine the 

type and severity of TELS experiences measured in the control group. The concluding 

section summarizes the key findings of the Literature Review and identifies the studies 

used for data analysis. 

Literature Search Strategy 

I conducted a comprehensive literature search through Academic Search 

Complete, Biomedical Informatics Research Network, Research Gate, ERIC, EBSCO, 

Collaborative Research in Computational Neuroscience – Data Sharing; ProQuest, 

Science Direct, Google Scholar, PsycINFO, CINHAHL, IUCAT, NIH/NIM MEDLINE, 

PubMed, Pdf Search Engine and a variety of library sources including Walden 

University, Kent State University, and the University of Michigan. 

Keywords and search terms included the following: aberrant brain development, 

child brain development, childhood trauma, child maltreatment, complex traumatology, 

domestic violence, early childhood stress, family violence, human brain development, 

MRI, domestic abuse, early deprivation, early life stress, exposure to violence, family 

violence, general adaptation theory, hippocampus, hippocampal anatomy, hippocampal 

functions, hippocampal volume, hippocampal structure, magnetic resonance imagery, 
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neurosequential model of therapeutics, neuroanatomy, neurobiology, neuroplasticity, 

neurophysiology, neuropsychiatric, posttraumatic stress, poverty and hippocampal 

development, psychopathology and stress, racism and hippocampal development, stress 

and the brain, trauma theory, and traumatic stress. 

Theoretical Framework  

The focus of this research, which addresses the correlations between TELS and 

hippocampal development, requires a synthesis of two major theories in neurology and 

neurobiology. Trauma theory, a construct first introduced by 19th-century French 

neurologist Charcot (New Sydenham Society, 1877), and Selye’s (1950, 1976) theories of 

GAS and LAS serve as demarcations for this project.  

Trauma Theory  

Trauma theory represents a multi-faceted organic phenomenon with its evolution 

branching to and from many different individual and sociocultural perspectives. The term 

trauma theory did not appear in psychological literature until the 1990s (Radstone, 2007). 

Charcot’s work with traumatized women is seminal in the development of contemporary 

theories into the complicated relationship between trauma and mental health. Psychiatric 

disorders during Charcot’s time were believed to be rooted in physiological disease or 

illness. For example, hysteria, which was a common diagnosis for women, was diagnosed 

as a symptom of a diseased uterus. Therefore, the intervention for hysteria was to 

administer a complete hysterectomy. Most of the women in the Salpêtrière Hospital, 

whom Charcot observed, had histories of various forms of severe violence, including rape 

and sexual abuse (Kumar et al., 2011; Ringel, 2012). Charcot argued that the origin of 
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symptoms in his patients, such as paralysis, amnesia, sensory loss, or convulsions, was 

not physiological but psychological. Equally important, especially in the contemporary 

field of neuroscience, Charcot’s pioneering research in cerebral localization began the 

examination into the connections between specific sites in the brain and corresponding 

nervous system functions (Kumar et al., 2011; Charcot, 1881) 

Two of Charcot’s students, Pierre Janet (Hart & Horst, 1989) and Sigmund Freud 

(Webster, 2014), incorporated Charcot’s beliefs regarding psychological trauma into the 

developments of their theories. Janet was among the first to identify the capacity 

traumatic memory carried for inducing intense emotional reactions, which are symptoms 

we now address as PTSD reactions. Janet also expanded the theory of disassociation—the 

experience of physical and emotional detachment—as a reaction to protect oneself 

against trauma (Hart & Horst, 1989).  

Freud, in conjunction with his beliefs about repressed memory, developed the 

theory of reenactment (e.g., the compulsion to repeat trauma; Levy, 1998). Freud 

believed that the individual’s compulsion to recreate or relive the traumatic experience 

continually was an unconscious attempt to resolve the cycle of experience that the 

original infliction had disrupted (Frankel, 1998; Hart & Horst, 1989; Van der Kolk, 

2000). Whereas disassociation can be viewed as an avoidant behavior and reenactment as 

an attempt to resolve conflict, both processes represented the individual’s attempts to 

manage the overwhelming residue wrought from the traumatic experience. Charcot, 

Janet, and Freud agreed that it was the individual’s unconscious attempt to manage the 
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trauma that resulted in the subsequent development of psychiatric disorders such as 

hysteria or war neurosis, which I discuss in the subsequent paragraphs. 

During the first and second world wars, trauma research made a subtle shift 

towards connecting the psychological experiences to the physiological casualties of 

combat. “Shell-shock” and “war neurosis” (Crocq and Crocq, 2000) became the foci of 

observational research, and the battlefield or veteran’s hospital became laboratories. 

Studies conducted by Sandor Ferenczi, Abram Kardiner, and Herbert Spiegel began to 

shed light on what Kardiner coined as physioneurosis, a term used to explain the extreme 

states of physiological arousal (Van der Kolk, 2000), indicative of the direction research 

was moving towards in connecting trauma with body processes. 

Ferenczi, who served as a medical officer in the Austro-Hungarian army during 

the First World War, referred to shell-shock as a mental “concussion” rooted in the 

experience of an unbearable sense of helplessness (Frankel, 1998). Decades later, 

Herman (1992) would echo Ferenczi’s remarks, stating that “Psychological trauma is an 

affliction of the powerless” (p. 33). Ferenczi believed that mental concussion could lead 

to paralysis (Peláez, 2009). Ferenczi also came to believe that trauma could produce 

physiological symptoms such as tremors and gait disturbances, which he felt represented 

an unconscious effort of the soldier to prevent returning to dangerous situations (Frankel, 

1998). 

Kardiner and Spiegel, who treated soldiers during the First and Second World 

Wars, noted that their patients would become easily agitated or startled by any abruptness 

or change, such as a slap on the back or a misstep, or by sudden tactile stimuli such as a 
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change in temperature (Van der Kolk, 2000). Kardiner conducted his independent 

research during his employ at the United States Veteran’s Hospital #81 (Bronx, NY) 

during World War I and would later record his findings in The Traumatic Neuroses of 

War in 1941, which served as “a guide for the study, treatment, and post-war care of 

those neurotic disturbances which are incidental to war” (Kardiner, p. vi). Kardiner’s 

monograph essentially became the model for the diagnosis and treatment of what we now 

identify as symptoms of PTSD. Spiegel served as a battalion surgeon in North Africa 

during WWII from 1942 to 1946 and would become the first psychiatrist to use hypnosis 

to treat war trauma (Carey, 2010). Spiegel and Kardiner would collaborate to produce 

War Stress and Neurotic Illness in 1947, an update of Kardiner’s first writings on war 

neurosis. 

As an interesting side-note, most of the early trauma theorists were 

psychoanalysts with diverse backgrounds and training. All had been strongly influenced 

by Freud’s work, although many deviated from his fundamental teachings. Ferenczi, for 

example, was one such close friend and confident of Freud’s. However, as it followed 

suit with most psychoanalysts of the day who deviated from fundamental Freudian 

ideology, the relationship between the two became strained following Freud’s strong 

disapproval of some of the concepts in Ferenczi’s paper, Confusion of Tongues Between 

Adults and the Child (Szecsödy, 2007). Kardiner was an anthropologist and later 

completed his education in psychiatric medicine. After fulfilling his psychiatric residency 

requirements, Kardiner traveled to Vienna to study and receive an analysis directly from 

Freud (Farber, 1981). Spiegel, even as a young psychoanalyst, would openly rebel against 
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the Freudian orthodoxy, adhering firmly to his belief that the patient had the innate 

capacity to heal himself (Connery, 2009). 

Contemporary Paradigms 

Although there exists a complicated psychological component in the processes of 

adaptation, the primary focus of this research is on the neurobiological aftermath rather 

than psychiatric or socially maladaptive consequences. As a researcher, I felt it was 

important to understand the seminal roots of trauma theory for the reader to develop a 

more balanced perspective of the neurobiological consequences of trauma. These early 

theories are the catalytic agents to current neurobiological research that seeks to unravel 

how neuropsychiatric disease differentially affects the biochemical functions and 

structure of various parts of the brain (O’Neill et al., 2013; Wisse et al., 2012; Bremner, 

2002). 

The synergistic relationship between theory and research is organic and innately 

expansive; hence, the theoretical paradigms regarding what constitutes traumatic 

experience follow suit. Contemporary discourse on trauma theory draws perspective not 

only from history, but includes politics, culture, race, gender, religion, family, group, and 

individual experiences (Caruth, 1996; Herman, 1992; also, Onwuachi-Willig, 2016; 

Radstone, 2007; Becker-Blease & Freyd, 2005). This more inclusive approach to 

understanding the various ways trauma can manifest necessitates the development of 

research strategies that will measure the impact of experiences like domestic and family 

violence, community violence, sexism, poverty, bullying, terrorism, discrimination, and 

racism. Combining scientific, psychological, and sociological perspectives to include 
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experiences from the individual and the collective has proven immensely valuable to the 

field of trauma research. 

General Adaptation Syndrome and Local Adaptation Syndrome 

Selye’s (1950, 1976) theories of GAS and LAS served as catalytic agents, moving 

research on traumatic stress from the psychological to the neurobiological arena. Selye 

(1950) believed that stress was the most medically and sociologically important subject in 

humanity. Selye was an 18-year-old medical student at the German University (Prague) 

in 1925 when his natural, unbiased curiosity raised questions in his mind as to how so 

many different diseases tended to share the same symptoms. It would be another decade 

before his curiosity spurred him to more closely examine the relationships between 

morphological changes in the organ tissues of his animal subjects and the human-induced 

antigens that the laboratory animals were inoculated with and reacted to. Selye then 

began developing a theory around what appeared to be a natural response for living 

organisms to adapt to stress biologically. He argued that adaptation was an evolutionary 

process necessitated by the organism’s will to survive and mostly dependent upon genetic 

factors. “This was the first time that we used the word stress in its present connotation, as 

a state of non-specific tension in living matter, which manifests itself by tangible 

morphological changes in various organs” (Selye, 1950a, p. 20). Selye believed that 

although specific actions from different agents (e.g., infections, intoxications, trauma, 

heat, cold) were all distinct, the commonality was that they placed the body under stress. 

From this perspective, Selye concluded that the body’s response to stress was a 

stereotypical one, “which is superimposed upon all specific effects” (Selye, 1950, p. 



30 

 

 

234). Selye eventually dropped the term neuroendocrine after realizing that other organs 

of the body, including the cardiovascular, pulmonary, and renal systems, were also 

involved in several stages of the stress response (Szabo, Tache, & Somogyi, 2012). 

However, he would prove relentless in his debate against the idea that morphological 

changes varied and positively correlated to the type or degree of induced stress. Selye 

maintained that “non-specificity” was the main characteristic of any stressor relative to 

the physical body’s reaction. It would take another 40 years for Selye to concede that 

stress reactions could differ significantly and be also significantly influenced by the 

individual’s perceptions and emotional reactions (Szabo et al., 2012). Selye was also 

convinced that normal stress was a natural and necessary component of human existence, 

observing that “total elimination of stress—that is, cessation of demands made upon any 

part of the body, including the cardiovascular, respiratory and nervous systems—would 

be equivalent to death” (Selye, 1976, p. 56). 

Selye would study the effects of stress for well over half a century, with his 

primary participants being laboratory rats. After 15,000 articles and 32 published books, 

his contribution to the theory of general adaptation syndrome would remain his most 

recognized achievement (Szabo, Tache, & Somogyi, 2012). GAS responses are 

characterized by three phases: alarm, resistance, and exhaustion (Selye, 1976).  

Summarizing Selye’s teachings, alarm signals the body that there is a perception of threat 

or danger; resistance invokes the release of hormones to prepare the body for defense or 

flight. Exhaustion occurs when the body has been subjected to intense or chronic periods 

of stress. This stage is where most internal physical damage can occur. Selye coined the 
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term “systemic stress”, which includes stressors that affect the entire body (Selye, 1976).  

LAS, on the other hand, affects a particular part of the body and can produce symptoms 

that are primarily localized, as in a sense organ or muscle group (Selye, 1976). 

Theories regarding the nature of stress and its correlations with health and 

diseases have become much more numerous and complex because of Selye’s works. The 

notion that the neurobiological system of the human body has the capacity to develop 

unique responses at multiple levels to the experience of stress is now widely accepted. 

Contemporary Researchers 

Understanding how brain regions are impacted, linking the time of insult and the 

level of vulnerability of the developing region, understanding genetic biomarkers related 

to stress, along with other potential mediating factors, is paramount to the advancement 

of research aimed at decoding the links between TELS and brain development and in the 

development of appropriate therapeutic interventions. Throughout the study and within 

the final analysis, the following contemporary researchers will be referenced. They have 

made significant contributions to the field of traumatic stress and brain dysfunction, and 

their findings will help to lend structure to the analysis of this project. 

Van der Kolk (Biography, n.d.) established one of the first clinical research 

centers in the U.S. dedicated to the study and treatment of trauma. His research 

specializes in how trauma impacts different stages of development and incorporates 

emerging findings from neuroscience and attachment disorder research to develop 

empirically-driven treatments for TELS adults and children. 
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Teicher (Martin Teicher, n.d.) established the Developmental Biopsychiatry 

Research Program at McClean Hospital in 1988. His research focus is on identifying the 

sensitive periods when the brain regions are most vulnerable to TELS. He also evaluates 

innovative treatments, including sensory enrichment and mindfulness practices, to treat 

depression, ADHD, and learning disorders in children. 

Andersen’s (Susan L. Andersen, n.d.) work focuses on specific parts of the brain, 

including the prefrontal cortex, amygdala, and hippocampus to assess the underlying 

mechanisms of change during childhood (McLean Hospital. (n.d.). Susan L. Andersen, 

Ph.D. Retrieved from http://www.mcleanhospital.org/biography/susan-andersen). 

Carrion (Victor Carrion – Professor, n.d.) studies the relationship between stress 

and brain development using a variety of methods, including neuroimaging, 

psychophysiology, neuroendocrinology, and phenomenology. He also assesses the 

potential of treatment effects on stress-related conditions in children and adolescents who 

have experienced TELS. 

Bremner’s (J. Douglas Bremner, n.d.) research focused on the study of the neural 

correlates and neurobiology of posttraumatic stress disorder (PTSD) and depression 

related to child maltreatment and combat, utilizing both neuroimaging and 

neurobiological techniques. His current research focus examines the relationship between 

physical and behavioral health and the interchange between body and brain. 

Perry’s (Bruce Perry, M.D., n.d.) work is dedicated to the research of innovative 

treatment strategies for children exposed to TELS. He is an internationally-recognized 

authority on children in crisis, and his conceptual model, the neurosequential model of 
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therapeutics, has been utilized in various clinical settings as a guidepost for the 

development of treatment protocols and applications. 

Frodl’s (Thomas Frodl, n.d.) work focuses on identifying the genetic biomarkers 

related to the pathophysiology of disease, vulnerability, and resilience using innovating 

neuroimaging techniques combined with data from blood markers gleaned from clinical 

trials. He has applied his expertise to explore the effects of stress-related blood markers 

on brain function and structure. 

De Bellis (Michael D. De Bellis, n.d.) has been the lead investigator on a number 

of research projects related to the effects of child maltreatment and developmental 

traumatology for the National Institutes of Health, the University of Pittsburgh, Duke 

University, and New York University Medical Center. His work is focused on 

neurobiological dysfunction, mental illness, and mood disorders in traumatized children. 

Several of the empirical clinical studies selected for this project include studies 

conducted by Anderson (2012, 2008), Carrion (2007, 2001), De Bellis (2006, 2002), and 

Teicher (2012). I will continue to reference the contemporary works of Drs. Bessel Van 

der Kolk, Martin Teicher, Susan Andersen, Victor Carrion, Douglas Bremner, Bruce 

Perry, Thomas Frodl, Michael De Bellis, and other forerunners in the field of traumatic 

stress and neurobiology. 

Summary of Theoretical Foundations 

Trauma theory represents a multi-faceted organic phenomenon, its evolution 

branching to and from many different individual and sociocultural perspectives. The 

seminal works of Jean-Martin Charcot, Pierre Janet, and Sigmund Freud during the latter 
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part of the 19th-century and throughout the first half of the 20th-century produced a 

proliferation of thoughts and ideologies that have significantly influenced the 

development of contemporary thought regarding the complex relationship between 

trauma and mental health. Observations of the mental and psychological aftermath of war 

by Sandor Ferenczi, Abram Kardiner, and Herbert Spiegel began to shed light on the 

concept of physioneurosis, a term used to explain the extreme states of physiological 

arousal, indicative of the direction science was moving towards in connecting trauma 

with body processes. It would be Selye’s theories of GAS and LAS that would catapult 

scientific research on traumatic stress from the psychological to the neurobiological arena 

Contemporary discourse on trauma theory draws perspective from history, 

politics, culture, race, gender, religion, family, group, and individual experiences. This 

more inclusive approach to understanding the various ways trauma can manifest 

necessitates research that will measure the impact of experiences like domestic and 

family violence, community violence, sexism, poverty, bullying, terrorism, 

discrimination, and racism. Brown (1996) articulated that the relationship between theory 

and research was a dialectic transaction, whereas the progressive development in one 

facilitates the progressive development in the other. The ongoing investigations into the 

nature of the relationship between the experiences of trauma and the human mind and 

body certainly exemplify this type of interchange.  
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Integrating Neuroscience and Psychology 

The Hippocampus: Anatomy and Function 

 

Figure 1. Hippocampal regions showing fields.  

(Retrieved from https://medicine.academic.ru/3923y#. Open-source image) 

The hippocampus is a tiny seahorse-shaped organ located in the medial temporal 

lobe. Along with the amygdala, the hippocampus forms the central apex of the limbic 

system. Its actual form is comprised of two interlocking cortex sheets. A visual cross-

section of this area would reveal a clearly defined laminar structure lined with rows of 

pyramidal cells that form a tunnel “s-shape” loop. The tunnel-shaped loop originates 

adjacent to the entorhinal cortex of the medial temporal lobe, which serves as an 

information hub connecting the hippocampus with the neocortex. Information pathways 

within the hippocampus generally flow unidirectionally (Hayman et al., 1998; O’Keefe & 
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Nadel, 1978). These pathways are defined regionally as CA1, CA2, CA3, dentate gyrus 

(DG), and CA4. (CA stands for cornu ammonis which means “curved like a ram’s 

horn”). 

 

Figure 2. Diagram of the mossy fiber projections of the dentate gyrus (DG) 

(Reprinted from “Extracellular proteolysis in the structural and functional plasticity of 

mossy fiber synapses in the hippocampus,” by G. Wiera and J. Mozrzymas, p. 3. 

Copyright 2015) 

CA1 is responsible for the formation of new memories and the retention of stimuli 

(Ramaswamy, 2014). CA2 is not as well understood, although altered formations have 

been linked to autism and Alzheimer’s. CA2 functioning is also associated with synaptic 

plasticity (Caruana, Alexander, & Dudek, 2012). CA3 is a content addressable memory 

station and partners with the DG to detect mismatches, particularly when a familiar object 

is placed within a new spatial relationship (Hasselmo, 2005). CA3 is responsible for 
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storing, assimilating, and rearranging information about patterns and associations of 

projection topology (Myers & Scharfman, 2009; Wiera & Mozrzymas, 2015). 

Additionally, CA3 may be one of the most severely impacted subfields in relationship to 

TELS (Teicher, Anderson, & Polcari, 2012). CA4 is different from the other subfields as 

it looks like a field of fine mossy fibers that appear and seem to function as antennae. 

This subfield, often referred to as the hilar region, assists in stimulating excitatory 

synaptic activity when working in conjunction with the DG (O’Keefe & Nadel, 1978). It 

also appears to facilitate the actions to promote synaptic plasticity in consort with the 

other subfields, including the DG (Wiera & Mozrzymas, 2015). The DG, incidentally, is 

one of the few regions in the brain that has the capacity to generate the production of new 

neurons, which are functionally integrated throughout the adult life span (Jonas & 

Lisman, 2014). 

The hippocampal structure is defined by its shape and borders. Its actual location 

in the temporal lobe borders the amygdala, the temporal horn of the lateral ventricle, and 

the pulvinar, the largest nucleus of the thalamus. Its segmented parts include the dorsal 

hippocampus (DH); ventral hippocampus (VH); and the intermediate hippocampus 

(Lenroot & Giedd, 2006). These parts serve very distinct functions. For example, the 

dorsal hippocampus influences spatial memory, verbal memory, and the ability to 

conceptualize information. Its activity forms a pathway into the medial septal nucleus and 

supramammillary nucleus (SuM). The septal area in humans gives us the ability to 

express prosocial behaviors by creating positive feelings towards others and includes 

feelings such as trust, empathy, and bonding (Morelli, Rameson, & Lieberman, 2014). 
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The SuM controls the theta wave functions of the hippocampus, which are crucial to 

learning, motivation, intuition, and memory (Pan & McNaughton, 2004). 

Hippocampal volume is determined by thickness and density, as measured on 

imaging planes. Ranges of hippocampal volumes extend from 1.73 to 5.68 ml. MRI scans 

composite both gray and white matter density to determine the volume (Keller & Roberts, 

2009; Krogsrud et al., 2014; Shen, Moffat, Resnick, & Davatzikos, 2002). Calculations 

are made using complicated MRI procedures that segment the area and distinguish grey 

matter and white matter and the possible presence (or lack) of other fluids (Obenaus et 

al., 2001; Wu et al., 2018). Reductions in volume have been associated with a number of 

psychiatric disorders, including schizophrenia, depression, autism, Alzheimer’s, and 

memory loss (Hickie et al., 2005; Wible, 2013). 

The development of the hippocampus extends into early adulthood, and its 

integrity is critical to intact memory function. MRI studies show that the most significant 

changes occur prenatally (Graham et al., 2014) and that hippocampal volume rapidly 

spikes around age 2, with gradually decelerating volume increases until mid-adolescence; 

followed by tapering down well into late adolescence (Nagel et al., 2004; Wisse et al., 

2012b).  

There are serious matters of debate within the field of traumatic stress research 

regarding the way data is interpreted. For example, Woons and Hedges (2008) suggested 

that changes in hippocampal volume may not be apparent until a disorder develops in 

adulthood, which would impact the reliability and validity of MRI scan interpretations on 

young populations. Another point of dispute is between the views of aberrant 
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hippocampal structural and volumetric indices as biological precursors for the 

development of pathology rather than the result of traumatic stress (Gilbertson et al., 

2002; Lindgren et al., 2016). These questions are crucial and warrant further investigation 

as the field advances in understanding the correlations between TELS, brain 

development, and psychopathology.  

Gender as a determinant of the hippocampal volume is an area alive with debate 

(Gross et al., 2012; Samplin, Ikuta, Malhotra, Szeszko, & Derosse, 2013; Woon & 

Hedges, 2011). This issue is discussed in more detail later in the sub-section marked 

“Covariates and Debates.” 

Hippocampal Dysfunction  

The hippocampus enables long-term memory and is also associated with spatial 

navigation (Gross et al., 2012; Martin H Teicher, Anderson, & Polcari, 2012). Any loss 

or damage to this area can lead to significant memory loss and can also inhibit the ability 

to form new memories, which in turn, compromises the ability to learn new skills. 

Participants with hippocampal lesions often function poorly on tests that involve recall 

implying that the hippocampus (Oomen et al., 2010).  

The hippocampus is responsible for regulating cortisol levels in humans, but 

under conditions of chronic stress, its functioning is severely compromised (Mello et al., 

2009; Carrion et al., 2007). Cortisol imbalances are linked to depression, anxiety, 

insomnia, and obesity. This tiny area also contains very high levels of glucocorticoid 

receptors ( Jackowski et al., 2011; Carrion, Weems, & Reiss, 2007), which makes it more 

vulnerable to long-term and toxic stress than any other part of the brain.  



40 

 

 

Individuals who suffer aberrant morphology during specific periods of brain 

development are at higher risk of later developing psychopathology, including anxiety, 

depression, posttraumatic stress disorder (PTSD), substance abuse, and psychosis 

(Bremner, 2006; Carrion et al., 2009). Perry (2009) stated that effective therapy must link 

to the innervating neural system, the area in the brain where the original point of 

disruption began. The development of effective therapeutic models is dependent upon the 

depth of insight gleaned from neurobiological research on traumatic stress and brain 

morphology. 

TELS is associated with disruptions in cognitive processes (Bonne et al., 2001; 

DePrince, Weinzierl, & Combs, 2009); in language, visuospatial and attention processing 

(Bellis, n.d.; Chugani et al., 2001; McCrory, De Brito, & Viding, 2010; Behen et al., 

2009); in the psychopathology of PTSD, anxiety, and depression (Carrion et al., 2009) 

and a causal factor in high risk-taking behaviors alcohol and drug abuse (Shonkoff et al., 

2012). Risks of delays are consistently identified in every developmental domain, 

including behavior, emotion, cognition, speech, social, physical, and neurological 

(Spilsbury et al., 2008; Wolfe et al., 2003). Altered brain development is also linked to 

other psychological disturbances as well as linguistic, cognitive and social-emotional 

skill development (Hanson et al., 2014; Lupien, McEwen, Gunnar, & Heim, 2009), which 

can be deemed as supportive evidence for the existence of a high correlation between 

TELS and brain morphology. 

Glucocorticoid (GC) levels in the brain were linked to early-stage, reversible 

dendritic remodeling along the primary channels of the hippocampal area, the CA1, and 
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CA3 pyramidal granule neurons. These hippocampal subfields are responsible for the 

formation of new episodic memory (Sousa et al., 2000; Swaab, 2005; Uno et al., 1989). 

Animal studies have demonstrated that a damaged hippocampus can impair the ability to 

recall learned responses to behavioral cues and contributes to hyperactivity (Carrion et 

al., 2007; Jin et al., 2013; Lin et al., 2013).  

Deciphering the relationship between TELS and hippocampal development is 

vital because the vast range of symptoms appearing in children and young adults 

indicates thought-related disorders, such as traumatic recall, and difficulties in emotional 

regulation, which severely impacts social functioning. Neuropsychological and psycho-

social problems more than likely go unrecognized when complicated by depression, 

substance abuse, and memory problems (American Academy of Child and Adolescent 

Psychiatry, 1998; Carrion and Steiner, 2000a). 

Primary Variables, Covariates, and Debates 

This study examined the relationship between TELS (IV) and hippocampal 

structure and volume (DVs). Hippocampal volume and structure were measured through 

MRI scans in developing brains. The effect size was analyzed against MRI measures of a 

demographically matched comparison group of participants who experienced no TELS. 

Specific indicators of TELS that emerged in this study included child 

maltreatment, sexual abuse, physical abuse, physical neglect, emotional abuse, emotional 

neglect, abandonment, institutionalization, chronic illness of the primary caretaker, and 

low socioeconomic status or poverty. Significant covariates that emerged during the 

analysis of the data included age, gender, genetic predisposition, duration of abuse, and 
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poverty. Other confounding variables included relationship to the perpetrator, severity of 

abuse, multiplicity, the timing of abuse, and frequency. 

Types of Traumatic Stressors 

Child Maltreatment 

In this research study, “child maltreatment” is a generalized term that defined 

numerous forms of abuse and neglect. Researchers sometimes opted to generalize the 

variable rather than identify the numerous trauma types that control group participants 

may have identified during the clinical assessment process. For example, Edmiston’s 

(2011) control group reported physical abuse, physical neglect, emotional abuse, 

emotional neglect, and sexual abuse. This researcher generalized the data under child 

maltreatment to focus more on gender-specific influences rather than specific trauma 

types. 

In addition to the specific trauma types identified in this section, Gerson & 

Rappaport (2013) cited exposure to family or domestic violence. Other trauma experts 

added that TELS could result from racism and discrimination (Sanders-Phillips, 2009), 

and environmental stressors such as overcrowding, noise pollution, and natural disasters 

(Sanders-Phillips, 2009; Weithorn, 2012). 

Sexual Abuse 

Douglas Bremner (see Bremner et al., 1995) was among the first researchers to 

measure differences in hippocampal volume. Later, Bremner conducted an MRI study 

with adult survivors of childhood sexual abuse and found a significant reduction in the 

left hippocampal volume of the adult survivors’ group (Bremner et al.,1997). He 
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replicated the study in 2003 with women survivors of childhood sexual abuse, this time 

adding positron emission tomography (PET scans), and again, findings revealed smaller 

hippocampal volumes in women who suffered PTSD relative to childhood sexual abuse 

(Bremner, Vythilingam, & Vermetten, 2003). However, Teicher, Anderson, & Polcari, 

2012, used a similar research design with young adults (ages 18-22) with histories of 

sexual abuse and found no significant variance when compared with healthy age-matched 

controls. Teicher et al., 2012, suggested that the discrepancies could be attributed to the 

possibility that PTSD effects were gradual, substance-induced (alcohol, for example), or 

that smaller hippocampal volumes were a risk factor of PTSD rather than a consequence.  

Andersen (2008) identified sexual abuse as a significant variable in association 

with decreases in hippocampal volume in young adult women. In Andersen’s study, 

hippocampal volume was reduced in association with childhood sexual abuse 

experienced at ages 3–5 years and ages 11–13 years - a finding that also supports the 

construct of age as a significant covariate.  

Physical Neglect/Physical Abuse 

Researchers classify traumatic stressors to include physical abuse and physical 

neglect (Hambrick et al., 2019; McEwen & Morrison, 2013). Hanson et al., 2014, found 

that children who suffered physical abuse had smaller right hippocampi relative to 

comparison children. Relative to physical neglect, Hanson stated that smaller left 

hippocampi were found in children from low SES. Hanson concluded that for children 

exposed to any form of TELS, higher levels of cumulative stress were associated with 

smaller volumes in the hippocampus.  
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Abandonment/Orphanage/Institutionalization 

Maternal or familial separation leading to adoption, (Gross, Flubacher, Tinnes, 

Heyer, Schelle, Herpfer, et al., 2012; McEwen & Morrison, 2013) presented in many 

studies as a primary stressor. Mehta’s et al., 2009, post-institutionalized (PI) adoptees had 

significantly reduced brain volumes compared with the control group. In another study of 

PI adoptees, Tottenham et al., 2010, using a one-way ANOVA, showed differences 

between control and comparison groups for the amygdala change but not for the 

hippocampal change. Later, researchers would again present data noting large differences 

in structural brain development between PI children and non-adopted controls (Hodel et 

al., 2014; Hanson et al., 2014). In the Hodel study, PI children had smaller left 

hippocampal volumes than non-adopted children.  

Emotional Neglect/Emotional Abuse 

Edmiston’s (2011) results concluded that emotional maltreatment inversely 

correlated with hippocampal development. According to Edmiston, emotional 

maltreatment seemed to have a more substantial influence on negative self-concept and 

depressive symptoms. In this study, physical abuse was reported by sixteen subjects, 

physical neglect by eighteen subjects, emotional abuse by twenty-three, emotional 

neglect by thirty-four, and sexual abuse by six. It is important to note that many of the 

studies under analysis coupled emotional neglect and emotional abuse with the term 

“child maltreatment”. However, in future research endeavors, these particular stressors 

should be isolated and more closely examined. 
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Chronic Illness of Primary Caretaker 

In an animal study conducted by Karten, Olariu, & Cameron, 2005,  rat pups 

separated for three hours per day from their mothers experienced a decrease in the 

production of new dentate granule cells (GCs) in adulthood.  GCs integrate information 

from the different mossy fibers and generate new patterns of neuronal activity. They are 

the only neuronal type generated in the adult hippocampus. Hence, the conclusion of this 

study suggests that TELS can permanently damage the hippocampus-dependent learning 

and memory processes and increase susceptibility to depression. Human studies indicate 

that moderate to severe exposure to psycho-social adversities which include debilitation 

or mental illness of the primary caretaker (Walsh, Dalgleish, Lombardo, Dunn, Van 

Harmelan, Ban, et al., 2014), or parental death or chronic physical illness (Petchtel, Pia; 

Pizzagalli, 2011) can place a child at high risk for aberrant hippocampal (and whole 

brain) development. 

Poverty/Low SES 

Poverty and abandonment were consistently linked to adverse hippocampal 

development, notably smaller overall volumetric measures and smaller left hippocampal 

size (Butterworth et al., 2012; Duval et al., 2017; Hanson et al., 2014; Hodel et al., 2015; 

Lawson et al., 2017; Piccolo & Noble, 2017; Tottenham et al., 2010). Yu et al., 2017, and 

Hanson et al., 2014, reported differences in reductions in both left and right hippocampi 

in children with low SES. It is important to note that Luby et al., 2013, and Wang et al., 

2016, found that caregiving behavior and self-esteem can mediate the impact of stress-
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related to poverty. Those kinds of findings lend support to further research into how 

specific conditions or experiences can promote resilience in vulnerable children. 

 

Covariates  

Gender and Age  

Gender may play a role in plasticity. McEwen & Milner (2007) determined that 

estradiol was responsible for spine density and synaptogenesis in the CA1 region. 

Estradiol is a female sex hormone produced in the ovaries. Gender may also play a vital 

role in the risk of developing psychopathology when coupled with TELS. Everaerd, 

Gerritsen, Rijpkema, Frodl, Franke & Fernandez, et al. (2012) reported that gender 

modulated the effects of the 5-HTTLPR genotype relative to childhood maltreatment and 

hippocampal morphology. 5-HTTLPR is a serotonin transporter-linked polymorphic 

region that has been associated with depression. The Everaerd study concluded that 

females who suffered severe forms of childhood maltreatment had much smaller 

hippocampi than males, even those males who may have been carriers of the gene. Frodl, 

Reinhold, Koutsouleris, Reiser, & Meisenzahl, 2010, also supported the notion of gender 

functioning as a primary variable in the relationship between decreases in hippocampal 

volume as detected in patients with MDD.  

In one of Carrion’s studies (2001), smaller hippocampal volumes (an average of 

8.5% smaller) were detected in groups who had been screened for PTSD, but the average 

did not prove significant when contrasted with total brain volume. However, he did 

discover that the clinical group demonstrated attenuation of frontal lobe asymmetry and 
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smaller total brain and cerebral volumes when compared with the control group. In a 

subsequent study, however, Carrion (2007) linked hippocampal reductions when 

controlling for pubertal maturation and gender over time (a 12 to 18-month interval). 

Chen, Hamilton, and Gotlib (2010) also confirmed reduced left hippocampal volume in 

high-risk girls with a family history of depression. However, Tupler and De Bellis (2006) 

argued that the age of trauma onset and level of psychopathology were the primary 

causes of risk for psychiatric disorders regardless of age or gender. De Bellis had 

conducted three separate pediatric tests and determined that volumetric measures could 

not be detected in children under the age of 12 (De Bellis et al., 2002). 

Age changes in volume and structure are reportedly more apparent and visible 

during adolescence (Korgaonkar et al., 2013; Mehta et al., 2009; Morey et al., 2016; Rao 

et al., 2010a) and not in children under the age of 12 (De Bellis et al., 2002). Korgaonkar 

(2013) noted a significant difference in cortical thickness and volume in TELS adolescent 

participants in his study when compared with older participants. He proposed that these 

differences may reflect the levels of vulnerability in adolescent brains during this phase 

of neurodevelopment. Cortical thickness is associated with intelligence, while cortical 

volume is related to the reduced thickness, which has been associated with diseases like 

Alzheimer’s, schizophrenia, and dementia. Kogaonkar also concluded that relief from 

traumatic stress or effective management of symptoms consequential of traumatic stress 

could help the volume levels to return to more balanced states. 

Everaerd (2016) could not detect volumetric changes in late adolescence. 

However, many other studies did report that volume and structure were more apparent 
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and visible during adolescence (Korgaonkar et al., 2013; Mehta et al., 2009; Morey, 

Haswell, Hooper, & Bellis, 2016; Rao et al., 2010). This is an area that will require 

continued research. 

Duration 

Chronic stress results from the experience of emotional or psychological pressure 

endured over extended periods of time. Bagley and Moghaddam (1997) found that 

prolonged stress, coupled with increased levels of glucocorticoids, have proved disruptive 

to hippocampal neurogenesis. In cases of extreme and chronic stress, volumetric declines 

were noted with increased risk for metabolic injury and cellular death in the cornu 

ammonis (CA) regions of the hippocampus (Czeh and Lucassen, 2007; Harlan et al., 

2006; Sousa and Almeida, 2002). Wang and his colleagues reached a similar conclusion - 

that extended exposure to stress suppresses neurogenesis and dendritic branching in these 

particular subfields - when they confirmed an association between PTSD and selective 

volume loss in the CA3/dentate gyrus subfields of the hippocampus (Wang et al., 2010). 

Additionally, Frodl et al., 2010 and De Kloet, 2003, concluded that excess glutamatergic 

transmission into the hippocampus could worsen cellular damage or even contribute to 

cellular death. Glutamate is a potent excitatory neurotransmitter that has been associated 

with hyperalgesia, anxiety, restlessness, and poor concentration (Liou, 2011).  

Perry (2009) explained that when the stress response is repetitive and extremely 

prolonged, the neural networks undergo a “use-dependent” molecular change (p. 244), 

which alters the baseline activity and reactivity of the individual’s stress response system. 

In effect, the brain becomes re-wired, signaling a persistent state of danger to the 
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traumatized individual. Additionally, chronic stress can severely compromise the 

functioning of memory and mood, limiting the ability to discriminate between conditions 

that may be dangerous versus safe (Shin et al., 2006). The sense of ever-present danger 

and the inability to perceive danger are symptoms of PTSD. 

Cardiovascular disease, asthma, fibromyalgia, obesity, diabetes, eczema, and even 

cancer, have been linked to chronic stress (Cohen, Janicki-Deverts, & Miller, 2007; Frodl 

& O’Keane, 2013). Chronic or excessive stress strains or inhibits the return to 

homeostasis and negatively impacts the neuroendocrine, immune, cardiovascular, and 

neurological functions of the body/mind producing a state of allostatic load (McEwen, 

Gray, & Nasca, 2015). Neurobiological studies have also linked chronic and traumatic 

stress to telomere erosion, which contributes to cellular aging and disease (Shalev et al., 

2012).  

Chronic stress has also been associated with executive function deficiencies in 

rats and primates as well as humans (Hanson et al., 2012; Holmes & Wellman, 2009; 

Sánchez, Hearn, Do, Rilling, & Herndon, 1998). Executive function skills govern 

impulse control, emotional regulation, thinking, memory, self-monitoring, planning and 

prioritizing, task initiation, and organization. Animal studies involving hippocampal 

functioning found correlations between memory, hippocampal morphology, and inhibited 

neurogenesis when exposed to ongoing stress (O’Mahony et al., 2009). An exciting and 

potentially powerful outcome of the O’Mahoney study was that these adverse outcomes 

were reversible with treatment, demonstrating the brain’s capacity for plasticity. Insights 
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such as the one just described serving as an impetus in the quest to unravel the complex 

questions related to the brain’s response to chronic and traumatic stress. 

Genetic Predisposition 

Perry (2006) explained that traumatic experiences could contribute to the 

abnormal organization of vital neural systems in the developing brain. Both Perry and 

Andersen concurred that the nature, timing, genetic predisposition, and duration of the 

stressor(s) are cofactors that deserve a much more rigorous investigation.  

Data from human studies suggest the possibility of a linear relationship between 

PTSD, depression symptoms, and TELS relative to hippocampal functioning. A renegade 

degenerate gene expression known as S-allele (serotonin-transporter-linked polymorphic 

region) has been extensively associated with neuropsychiatric disorders since its 

discovery in the early 1990s (Everaerd et al., 2012; Heim, Shugart, Craighead, & 

Nemeroff, 2010). Children who carry S-allele have smaller hippocampal volumes when 

coupled with a history of emotional maltreatment in Frodl’s (2010) study, in contrast to 

children who only had one risk factor, be it environmental (stress) or genetic. 

Additionally, Frodl discovered that the left prefrontal cortex in carriers who also 

experienced chronic stress was smaller than children with environmental risks only. Frodl 

(2010) suggested that the presence or lack of volumetric changes in children was more 

linked to an interaction between genetic susceptibility with chronic or cumulative stress 

as a covariate. His research concluded that childhood stress and brain abnormalities were 

independent and interactive. Rao (2010) determined that smaller hippocampal volume in 

high-risk adolescents could serve as a point of vulnerability, particularly increasing risks 
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for the depression when early life stress intersects genetics. Molendijk et al., 2012, found 

genetic polymorphisms that produce low or abnormal hippocampal volume can then 

create higher risks for the later development of brain diseases. 

The Chen study (Chen, Hamilton, & Gotlib, 2010) examined the relationship 

between genetic propensity for depressive episodes in girls who had mothers with chronic 

depression. The researchers used voxel-based morphometric analysis findings which 

found significantly less gray matter density in clusters in the bilateral hippocampus and 

volumetric reduction in the left hippocampus. 

Other Covariates 

Additionally, the severity of effects from abuse appeared in direct proportion to 

age and duration. Timing (relative to age & stage development) appears to be the most 

crucial factor when coupled with the variables of gender and type of abuse (Andersen et 

al., 2008; Korgaonkar et al., 2013.). Other confounding variables that were identified in 

the studies were multiplicity, the severity of abuse, and relationship to the perpetrator 

(Andersen et al., 2008; Mehta 2009; Edmiston 2011; Hanson 2014; Everaerd 2016). 

Mehta (2009) and Morey (2016) reported significant differences between TELS groups 

and comparisons when influenced by severe deprivation or abuse. Paquola and colleagues 

(2017) reached a different conclusion when they examined the MRI scans of 14 to 28-

year-old participants. Although the researchers found significantly stunted structural 

growth in the right hippocampus of participants who were exposed to child maltreatment, 

an MRI scan revealed that hippocampal and amygdala volume increased linearly with age 
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and were not moderated by symptoms of severity. Their findings negated definitive 

associations between child maltreatment and psychopathology (Paquola et al., 2017). 

Magnetic Resonance Imaging 

The use of high-resolution MRI technology to measure and understand brain 

structure and activity began almost 50 years ago (at the time of this publication) and has 

dramatically enhanced the ability to accurately measure brain morphometry 

(Arbabshirani, Plis, Sui, & Calhoun, 2016). Douglas Bremner was among the first 

researchers to measure differences in hippocampal volume using an MRI. His analysis of 

combat-related PTSD patients relative to a comparison group with no PTSD symptoms 

revealed a smaller right hippocampal volume in those who had suffered PTSD (Bremner 

et al., 1995). These findings stimulated interest amongst other researchers to utilize brain 

scan technology to support their works. 

I selected only MRI studies and chose not to include similar studies that used 

other types of instrumentations, such as PET scans, electroencephalogram (EEG), and 

functional magnetic resonance (fMRI), because these instruments image the human 

anatomy for very different reasons. PET scans are used to evaluate organ and tissue 

functions and to screen for the early onset of disease. EEG and fMRI tests are used to 

measure brain activity (the EEG tracks brain waves, and the fMRI measures blood flow). 

The MRI, on the other hand, creates powerful magnetic fields and radio frequencies to 

produce highly detailed images of the body’s organs. This instrument serves as the 

primary measure for assessing volumetric and structural changes in the brain. Hand-
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tracing, to confirm the boundaries of poorly developed brain regions, is often used in 

conjunction with MRI. 

Clinical Assessment Tools Utilized in Studies 

All studies selected for this analysis utilized a clinical assessment, utilized 

standardized clinical assessment forms, clinical interviews with trained professionals, or 

both, to assess exposure to TELS. Efforts have been made to ensure that similarity in the 

use of protocols and assessment tools remained as consistent as feasible throughout the 

studies analyzed in this project. Table 1 in the Research Methods chapter lists identified 

project studies and the various criteria, including the age-range of participants, clinical 

assessment tools or measures, and magnification properties of the MRI scanning 

instruments used.  

Summary of Literature Review 

The Literature Review molds the seminal works of trauma theory, a construct first 

introduced by Charcot, and Selye’s theory of general adaptation into the foundational 

compass for the analysis of data in this project. These theories will be supported by 

contemporary research on stress and neuroanatomical adaptation to link together the key 

variables: TELS, aberrant hippocampal development in developing brains, as 

documented in scans taken from MRI instrumentation. 

How stress affects the brain is complicated by several factors and conditions, such as 

the type of stressor, the duration of the stressor, the severity of the stressor, age, genetic 

predisposition, gender, economic deprivation, the timing of the insult and many other 

variables not yet uncovered by researchers. While it is challenging to identify and isolate 
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the numerous confounding factors that are complicit with chronic stress, researchers in 

the fields of sociology, psychology, neuropsychology, and neuroscience must persevere 

to bring these variables to the surface; develop standardization in research protocols; 

which promotes the knowledge and understanding necessary to effect positive change.  
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Chapter 3: Research Method 

In this investigation, I examined the relationship between TELS and hippocampal 

volume and structure. The research question stated, “To what extent does TELS exposure 

impact the structure and volumetric measures of the hippocampus in the developing 

brain?”  

Chapter 3 presents an overview of the research design and rationale for the 

selection of meta-analysis as the preferred methodology. Chapter 3 identifies variables of 

interest and the criteria used for the selection of the studies for this meta-analysis. The 

primary studies selected for final analysis are also listed along with the types of clinical 

assessment strategies, population demographics, and the specific type of MRI instrument 

used to image the brains of study participants. The data analysis plan includes any known 

threats to validity. Ethical considerations and a summary of the research protocols 

conclude the chapter.  

Research Design and Rationale  

Meta-analysis is a quantitative research methodology that integrates the results of 

similar empirical studies to obtain a more comprehensive understanding of the effect size 

and moderating variables (Sanchez-Meca & Marin-Martinez, 2010). Meta-analysis 

affords more opportunities and numerous exploratory pathways to help develop more 

awareness about populations by accumulating results across studies than by single study 

analysis. This approach also assists in understanding the interplay of effect size and 

covariates (Glass, McGaw, & Smith, 1981). 
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This meta-analytic study examined the impact of TELS (IV) on hippocampal 

volume and structure (DV). Clinical neuroimaging studies of MRI hippocampal changes 

and TELS are generally comprised of relatively small sample sizes, challenging the 

ability to generalize conclusions to larger populations. Synthesizing the data gleaned 

from the selected clinical studies has produced a more reliable estimate of effect size 

regarding the controls and the related variables. For data analysis, I applied fixed, 

random, and cumulative meta-analytical methods to assess effect size utilizing Hedges’ g, 

Cohen’s d, and correlation values. These statistical approaches are discussed in detail 

later in this chapter. 

Methodology 

Population 

According to the 2017 statistics presented by the U.S. Department of Health and 

Human Services, TELS is the experience of 3.5 million children whose caretakers are 

investigated by child welfare institutions; the 10 million children who witness domestic 

violence; and the 2.5 million children who live in homeless shelters. Globally, the World 

Health Organization (2017) reported that 1 in 4 adults had experienced abuse as a child.  

The total number of TELS participants included in the primary data analysis 

equaled 294; comparison group participants totaled 474. The mean age of all groups was 

μ14.77 years, with a range of μ10 years to μ27 years. The number of male participants in 

the final studies totaled 129; the numbers of non-White participants represented less than 

7% of the total population of 768 participants. The ROI included only the hippocampal 

region scanned through MRI of both control (TELS) and comparison (no TELS) groups.  
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Sampling and Selection Procedures for Empirical Research 

Over 200 studies were reviewed for this meta-analysis, and four primary criteria 

were identified for study inclusion. First, the study had documented evidence that 

participants were assessed for the presence or absence of TELS by a qualified 

professional through the method of an interview or clinical assessment tool. Secondly, all 

participants were under the age of 30 at the time the study was conducted. Third, 

evidence of MRI hippocampal scans for controls and comparisons was included in all 

studies. Furthermore, demographically matched comparison groups were included in the 

study. Only one study did not have a comparison group but was included for 

consideration as all other criteria were represented. The combined number of participants 

in the comparison groups sufficiently represents the numbers in the controls.  

The focus of this research in each empirical study that was selected had to include 

TELS as the IV, defined by the exposure to and the experience of severe neglect, physical 

abuse, sexual abuse, and psychological trauma, including verbal abuse that produces 

intense fear, deprivation, isolation, and physical and emotional pain. The ROI was limited 

to or included in the hippocampus (DV). 

Databases and Data Collection  

Electronic databases used for data collection included Biomedical Informatics 

Research Network (BIRN), Medline, PubMed, Academic Search Premier, ProQuest, 

Science Direct, PsycLIT, and PsycINFO. 
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Selected Empirical Studies 

A systematic review of the literature resulted in over 200 studies relevant to the 

topic of TELS and hippocampal development, of which only 22 met the criteria for 

inclusion. Studies were coded and selected using the model provided by the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher, 2015). 

PRISMA standards provide a template of a 27-item qualitative checklist for the writing 

and reviewing of research using secondary data sources. The checklist helps to ensure 

integrity and transparency in the reporting of meta-analysis and systematic reviews 

(Liberati et al., 2009).  

Study Coding 

A code sheet (Figure 3) specific to this research listed 17 items to determine if the 

study matched the protocols required for analysis screening process assessed the 

following: 

• Establish relevance—if the study was a “primary” study rather than a 

meta-analysis or review and if the study was published or unpublished. 

• Verify registration—whether the study was peer-reviewed or met other 

inclusion protocols if unpublished. 

• Establish authenticity—whether the primary researchers were clearly 

identified. 

• Match inclusion criteria—whether the study met the age requirements for 

inclusion (3 years to 28 years). 
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•  Determine if the study included a comparison group, a clinical 

assessment protocol, and an MRI protocol in which the data acquisition 

was documented.  

The coding review also assessed the methodology to establish whether statistical 

data specific to the hippocampus was appropriated and whether TELS variables were 

identified. Finally, the final selected studies met inclusion criteria if statistical data to 

support or reject the null hypothesis was defined and if any covariables were identified in 

the research body.   
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Figure 3.  

Code sheet for study selection based on PRISMA 

 

Section and topic Item 

No 

Checklist item                                                                                                                              

Notations 

Search Criteria 

Title:   

 Primary Study 1a Include 

 Meta-Analysis       

or Review 

  Unpublished  

1b 

1c 

Automatically Exclude 

Assess for Appropriateness 

Registration 2a 

2b 

Peer-Reviewed 

Not Peer Reviewed but meets inclusion protocols (if unpublished) 

Authors:   

 Contact 3a Provide name, institutional affiliation, the e-mail address of all protocol 

authors;  

provide the physical mailing address of the corresponding author 

 Contributions 3b Describe contributions of protocol authors and identify the guarantor of 

the review 

Age Range 4a Include 3 years to 28 years 

Assessment:   

 Comparison 

Group 

5a Include if all other protocols are present* 

 Clinical 

Assessment 

5b Provides a type of clinical assessment tool or type of evaluation 

 MRI protocol 5c Identifies MRI data acquisition 

Purpose of Study 

Hippocampus 6 Data on hippocampus clearly identified in the study 

TELS 7 Traumatic early life stress variable(s) clearly identified 

METHODS 

Statistical Analysis 8 Methodology clearly identified 

Hippocampal 

Change 

9 Data on the absence or presence of hippocampal changes are noted 

Results 10 Statistical data to support or reject the null hypothesis is highlighted 

Discussion 12 Relevant variables are identified 

 

Inclusion criteria for data analysis required documentation that the participants 

were assessed for the presence or absence of TELS through the method of an interview or 

clinical assessment tool. Secondly, all participants had to be under the age of 30 at the 

time the study was conducted. Third, the selected project used MRI technology to 
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measure hippocampal change. Finally, the project had to include a demographically 

matched comparison group. Each of the 22 selected research studies used in either 

primary or post hoc analysis focused on hippocampal development as the primary DV. 

After a review of statistical analysis applications in each selected study, only 9 of the 22 

met all criteria for inclusion. The remaining 13 studies were included in later discussions 

as references. Table 4 provides details of all selected studies that were reviewed for 

preliminary analysis. Any study followed with an asterisk (*) was included in the final 

analysis. 
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Figure 4. List of Selected Studies for Preliminary Analysis 

 
Study Name #TELS 

Group 
TELS 
Male 
subgroup 

# Non-TELS 
Comparison 

Mean 
Age 

Variables Measured Clinical 
assessment 
tool 

MRI 
acquisition 

Andersen 
2008 

21 0 16 19 Childhood sexual 
abuse, hippocampal 
volume, female 

BDI, CTQ 1.5 T 
magnetic 
resonance 
scanner 

Carrion 
2001* 

24 14 24 11 PTSD, childhood 
trauma 
Hippocampus volume 
 

CAPS-CA  1.5 T scanner 

Carrion 
2007 

15 6 0 10 CM, PTSD, baseline 
cortisol at baseline 
levels, hippocampal 
volume 

Clinical 
evaluation for 
PTSD 

1.5-T GE-
Signa scanner 

Chen 2010* 23 0 32 13 MDD, female, genetics, 
hippocampal volume 
 

Structured 
Clinical 
Interview for 
DSM-IV 

1.5-T GE 
scanner 

De Bellis 
2002* 

28 14 66 12 maltreatment-related 
posttraumatic stress 
disorder (PTSD) 

CBCL, CDI GE 1.5 Tesla 

Edmiston 
2011 

42 21 0 15 Relationships among 
GM volume, subtypes of 
exposure to CM and 
gender  

CTQ 3 Tesla 
Siemens Trio 

Everaerd 
2012 

192 79 165 24 gender, childhood 
adversity, 5-HTTLPR 
genotype 

LTE 3 Tesla 
Siemens Trio  

Everaerd 
2016 

253 110 129 22 deprivation, abuse, 
hippocampal volume, 
gender 

LTE 1.5 T & 3 T 
scanners 

Hanson 
2014 

128 67 41 12 Hippocampal volume 
institutionalized 
orphaned or 
abandoned children, 
physical abuse, early 
neglect, low SES 

LTE 3T General 
Electric SIGNA 
MRI scanner 

Hoedel 
2014 

110 37 62 13 Hippocampal volume,  
 institutionalized 
orphaned or 
abandoned children 

Axis I disorder 
based on 
caregiver 
interviews 
with a trained 
clinician 

Siemens 3 T 
Trio MRI 
scanner 

Korgaonkar 
2013* 

18 11 118 12 tels, age, hippocampal 
structure and volume 

ELSQ 1.5 Tesla 
Siemens 

 

Note. ACE = Adverse Childhood Experiences; BDI = Beck Depression Inventory; CAMEEI = Cambridge Early Experiences 
Interview; CAPA, CAPS-CA-5 = Child & Adolescent Psychiatric Assessment; CBCL = Children’s Behavior Checklist; CDI = 
Children’s Depression Inventory; CTQ = Childhood Trauma Questionnaire; ELSQ = Early Life Stress Questionnaire; HDRS 
= Hamilton Depression Rating Scale; K-SADS-PL = Kiddie-Sads-Present & Lifetime Version; MSSSS = MacArthur Scale of 
Subjective Social Status; PSS = Perceived Stress Scale; PAPA = Preschool Age Psychiatric Assessment; SCARED = Screen 
for Child Anxiety Related Emotional Disorders; LTE = The List of Threatening Experiences.  *denotes final selected study 
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Figure 4 continued. List of Selected Studies for Preliminary Analysis 

 
Study 
Name 

#TELS 
Group 

TELS 
Male 
subgroup 

# Non-TELS 
Comparison 

Mean 
Age 

Variables Measured Clinical 
assessment 
tool 

MRI 
acquisition 

Mehta 
2009* 

14 6 11 16 hippocampal volume, 
early severe 
deprivation 
orphaned/separated  

Structured 
Clinical 
Interview 

1.5T GE 
Excite 
Scanner 

Morey 
2016* 

63 30 57 10 hippocampal volume, 
maltreatment, PTSD 

CTQ 3 Tesla GE 
scanner 

Piccola 
2017 

143 77 0 16 Self-perceived stress, 
SES, hippocampal 
structure and volume 

PSS-10 3-
dimensional 
T1-weighted 
scan 

Rao 2010* 51 23 32 15 early-life adversity, 
morphologic changes 
in the hippocampus, 
and vulnerability to 
depressive disorder 

K-SADS-PL, 
BDI, HDRS 

(GE) 1.5 
Tesla scanner 

Teicher 
2012 

193 73 0 22 Childhood 
maltreatment and 
hippocampal volume 

ACE, CTQ T1-weighted 
MRI datasets 
acquired on a 
Trio Scanner 
(3-T; 
Siemens) 

Tottenham 
2010 

34 8 28 9 
 

Hippocampal volume 
and Institutional Child 
Rearing (orphanages), 
relative care-giving 

CBCL, 
SCARED 

GE 1.5 Tesla 
Unit and a 3 
Tesla Unit 3 
(Signa 
System, 
General 
Electric 
Medical 
Systems 

Tupler 
2006* 

61 31 122 12 Hippocampal volume 
and early age 
trauma/adversity 

CBCL, CDI GE 1.5-Tesla 
Signa system 

Veer 
2015* 

12 0 12 27 Hippocampal Volume 
and shape; in PTSD 
Childhood Trauma 

K-SADS-PL Philips 3.0-T 
Achieva MRI 
scanner 

Walsh 
2014 

27 10 31 18 Hippocampal volume 
and early age 
trauma/adversity 

CAMEEI 3-T Siemens 
Tim Trio 

Whittle 
2017 

166 85 0 16 Hippocampal volume 
and childhood 
maltreatment 
 

CTQ 3 Tesla GE 
scanner 

Yu 2017 31 13  10 SES and Hippocampal 
volume 

MSSSS 3 Tesla 
Siemens 
Verio 
scanner 

 
 

Note. ACE = Adverse Childhood Experiences; BDI = Beck Depression Inventory; CAMEEI = Cambridge Early Experiences 
Interview; CAPA, CAPS-CA-5 = Child & Adolescent Psychiatric Assessment; CBCL = Children’s Behavior Checklist; CDI = 
Children’s Depression Inventory; CTQ = Childhood Trauma Questionnaire; ELSQ = Early Life Stress Questionnaire; HDRS 
= Hamilton Depression Rating Scale; K-SADS-PL = Kiddie-Sads-Present & Lifetime Version; MSSSS = MacArthur Scale of 
Subjective Social Status; PSS = Perceived Stress Scale; PAPA = Preschool Age Psychiatric Assessment; SCARED = Screen 
for Child Anxiety Related Emotional Disorders; LTE = The List of Threatening Experiences.  *denotes final selected study 
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Instrumentation and Operationalizing of Constructs 

TELS is defined as the exposure to and the experience of severe neglect, physical 

abuse, sexual abuse and psychological trauma including verbal abuse that produces 

intense fear, deprivation, isolation, physical and emotional pain and/or a pervasive 

absence, either real or perceived, in safety, security and belonging needs (Herman, 1992). 

Events may be experienced through family, community, school, medical intervention, or 

some other caretaking system, such as daycare. TELS can be experienced through single 

episodic experiences such as rape, witnessing a murder, and natural disasters. TELS is 

also indicative of a repetitive cycle or a series of events, with a duration of days, weeks, 

or months and that could continue throughout childhood into early adulthood. The 

hippocampal structure is defined by its shape and borders. Hippocampal volume is 

determined by the thickness and density as measured on imaging planes.  

Data Analysis Plan 

There were several characteristics within studies that required adjustment to 

standardize the variables and improve the accuracy of data analysis. The first was some 

studies separated their participants who experienced “severe” abuse as defined by type, 

frequency, or duration from those who never experienced abuse or had a mild experience 

with a frequency of one or two episodes (see (Chen, Hamilton, & Gotlib, 2010; Everaerd 

et al., 2012; Korgaonkar et al., 2013). Those projects whose participants reported less 

than severe abuse (mild or limited occurrences) were listed with healthy controls who 

were at low risk for aberrant hippocampal morphology. Secondly, some studies reported 

statistical changes in hippocampal volume or structure in various subgroups, such as in 
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the Hanson study (Hanson et al., 2014), which examined emotional neglect, physical 

abuse, or abandonment, to contrast the influence of covariates on hippocampal change. In 

these instances, summaries of results were collapsed to produce averages for reporting 

values relative to hippocampal changes. Thirdly, some studies segmented results for left 

and right hippocampal volume or structure (Carrion et al., 2007; Chen et al., 2010; De 

Bellis et al., 2002). Those numbers were combined to produce a single number for the 

hippocampal whole. Carrion (2007) conducted a follow-up MRI of the same participants 

in 12- and 18-month intervals. In this matter, those counts are recorded as separate 

studies as there was significant variation at points in the timeline. 

Data pertaining to any other part of the brain, such as the amygdala or prefrontal 

cortex, are generally excluded, and information relative to the hippocampus has been 

isolated. Statistical data were only analyzed for those participants with completed 

neuroimaging.  

Comprehensive Meta-Analysis software v3 

I used Comprehensive Meta-Analysis v3 (CMA) software for this analysis. The 

CMA software development began in 1993 and is spearheaded by a well-known 

professor and author Michael Bornstein (Borenstein, 2009). Borenstein is one of the 

foremost authorities in the field of meta-analysis and has written numerous publications 

and books on the subject. CMA takes the summary data from each study, regardless of 

format, and computes both effect size and variance. CMA can make comparisons of two 

or more groups and subgroups, estimates of means, proportions, rates of one group at one 

point in time; generic point estimates; and generic point estimates with a log scale. Means 
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can be recorded in various ways: dichotomous (number of events), continuous (means), 

correlation, rates, and survival. The grid used in CMA is very similar to Microsoft Excel: 

columns are created to list study names, sub-group data, and effect size data – the 

program can accept data from 100 different formats. In this research analysis, I am using 

comparison data of two groups; and continuous data, which focuses on means. I also 

identified my studies as unmatched groups so that I can record and calculate post-data 

only for two independent groups. CMA can recalculate data from studies that presented 

statistics in varying formats. For instance, some studies included means and standard 

deviations; others presented p-values; a few recorded t-values; and others used beta 

formats produced from multiple regression techniques. Using CMA, I was able to 

develop a customized spreadsheet and input data as initially recorded. The program 

computed the effect size for each grouping, which allowed for the results to be combined 

into a single analysis. 

CMA also can create forest plots. A forest plot graphically reflects the effect size 

of each study as well as the combined effect. The forest plot helps to determine several 

factors, including the consistency of the effect size, and how the number of studies 

analyzed influenced that consistency. 

Research Question and Hypotheses Restated 

This study examined the correlation between TELS (IV) and hippocampal 

structure and volume (DVs). The nature of the stressor or type of traumatic experience 

was assessed through clinical assessment. Hippocampal volume and structure were 

measured through an MRI scan of developing brains. The effect size was analyzed 
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against MRI measures of demographically matched comparison group participants who 

were not exposed to TELS. 

RQ: To what extent does the exposure to TELS impact the structure and 

volumetric measures of the hippocampus in the developing brain? 

H0: There is no relationship between TELs and aberrant morphological changes in 

the hippocampus of the developing brain. 

H1: There is a relationship between TELs and aberrant morphological changes in 

the hippocampus of the developing brain. 

Data Interpretation Strategy 

An exploratory analysis was the first phase of the analysis to determine the 

frequency of associations linked to hippocampal volume changes and structural changes. 

Statistical power, according to Cohen (1988), refers to the probability that the effect or 

relationship between the variables under analysis exists. Cohn and Becker (2003) 

demonstrated that fixed-effects meta-analysis increases the statistical power by reducing 

the standard error of the weighted average effect size. They also demonstrated similar 

results through the use of random-effects meta-analysis, although the observation of this 

approach revealed that increasing the number of studies does not necessarily increase the 

precision of statistical power. Using the CMA program, I was able to ascertain data using 

random, fixed, and cumulative meta-analysis, which are discussed below.  

Fixed and random effects methods. Fixed and random effects approaches were 

applied to determine individual study and cumulative effect sizes. Using a fixed-effect 

model, the researcher assumes that each study in the meta-analysis shares a common or 
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true effect size. In other words, all characteristics that could influence the effect size are 

the same in all studies; thus, the effect size remains the same and is labeled “fixed.” In 

order to obtain the most precise estimate of the population effect (to minimize the 

variance), the researcher computes a weighted mean, where the weight assigned to each 

study is the inverse of that study’s variance. 

Whereas a fixed-effects model has a goal of estimating one “true” effect size, a 

random-effects model is used to estimate the mean of a distribution of effects. The mean 

effect of distribution was calculated through a weighting schema based on within-study 

variance plus t2, which represents a constant for the between-study variance. As a 

constant, t2 allows the relative weights assigned to each study to have a more balanced or 

equally relative influence. The methodology suggested by Borenstein (2009) is to first 

compute Q, which will represent the total variance and the degrees of freedom (df), 

which represents the expected variance if the studies have the same true effects. The 

difference, Q minus df, will reflect the excess variance. This value was then transformed 

and placed on the same scale as a within-study variance. The result produced a statistic 

called Tau-squared (τ2). 

I used both random and fixed analysis to compare any differences that the two 

methods may produce. According to Borenstein (2009), estimates using the two models 

will generally produce different numbers (provided that t2, which represents between-

study variance, is not zero). Borenstein stated that the reason that calculations report 

different effect sizes is because the mean of studies is weighted differently, depending on 

the model of choice.  
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Each of the nine studies included in the pilot study reported unique findings that 

no other study presented. The Mehta study, for example, had only 14 TELS and 11 

controls and consistently proved an outlier in this research. However, a more in-depth 

analysis of this study yields extremely relevant information on how the IV and DV 

interact, proving a connection which warrants further attention. Therefore, a cumulative 

meta-analytic method was added to the analysis process. Through the use of a cumulative 

meta-analysis (this approach is explained in the following chapter), weights are assigned 

based on standard deviations to balance the effects of individual studies. This technique 

affords the best possible opportunity to examine the variations in effect sizes between 

studies with careful regard for how individual covariates and other factors may influence 

the outcome. When I applied the cumulative meta-analytic model, the final output for 

individual studies ranged from small to large in effect sizes, as measured by Hedges’ g 

and Cohen’s d. The results from all approaches are presented graphically in Chapter 4. 

Cumulative meta-analysis. A cumulative meta-analysis is a statistical procedure 

that can examine data in several different ways. One way, for example, is to add one 

study at a time to estimate changes. For example, study results can be pooled 

sequentially, starting from earlier studies and concluding with more recent ones (Allen & 

Seaman, 2005). By combining studies chronologically, consistency in results is 

determined to the point where no further experiments are necessary because results will 

remain constant. Another approach using cumulative meta is to assess how the evidence 

shifts because of the influence of other factors such as combined effects or sample size, 

for example. For this analytic approach, I chose to assess the cumulative standard 
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difference in means because this variable appeared to be more of a determining factor for 

effect size between the selected studies. 

Using the CMA program, weights were assigned to each of the final selected 

studies as a way to balance or distribute the evidence so that outliers, like the Mehta 

study, would not overshadow other studies. Hedges’ g and Cohen’s d statistical equations 

were used in determining the effect size. Cohen (1988) suggested that d = 0.2 can be 

equated to a “small” effect size, 0.5 can represent a “medium” effect size, and 0.8 a 

“large” effect size. Another way to conceptualize d according to Cohen was through 

standard deviations: .2 = 1/5 of a standard deviation, .5 = ½ of a standard deviation, and 

.8 = 8/10 of a standard deviation unit. Cohen further postulated that if the two groups' 

means do not differ by 0.2 standard deviations or more, the difference is trivial, even if it 

is statistically significant.  Durlak (2009) advised that concepts of “large” vs. “small” 

effect do not translate into levels of significance in this research. Durlak added that small 

differences could have a significant impact when extended to the broader context. 

Threats to Validity 

Despite the proliferation of research publications describing hippocampal 

structure and volume, definitions in how these parts demarcate vary greatly. The 

differences may be due to variations in interpretations of boundaries or an MRI scan and 

neuroanatomical tracing techniques. These differences could impact interpretations of 

results when measurements are compared.  

The effect sizes in the individual selected studies are influenced by inherent 

differences:  different sample sizes, different age groups, gender, and other 
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demographics. Additionally, projects varied in the type of clinical assessment instruments 

used. The use of different clinical assessment tools could influence the way the traumatic 

experiences are interpreted, and gradients of stress are measured. These variances could 

make the results appear inflated, weak, or inconsistent.  

The validity and accuracy of the results are dependent on the quality of the 

integrated studies. If one study is significantly biased, the entire meta-analysis will carry 

that bias. Other issues, such as the use of studies that only report positive results, can 

reduce the effectiveness of any research. This is particularly true for meta-analytical 

research.  

Ethics: I guarantee the quality and integrity of her research, and that the 

composition of this document is free from plagiarism. I have utilized the data from 

approved and published primary empirical research studies, which resolved the issue of 

potential harm to individual participants. All publications were void of any type of 

identifying information, and I do not have access to such, nor to the codes utilize, to 

record pertinent demographic information. I strive to remain impartial in my analysis of 

data and declares that she has no competing interests. 

Summary of Research Methods 

This meta-analysis examined the conditions and degree of influence TELS has to 

aberrant development in the hippocampal region. The analysis includes 22 studies that 

were published between 2001 and 2017 and included participants between the ages of 3 

and 28 years, who had been identified as TELS survivors.  
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Meta-analysis has become a preferred approach in psychological research because 

of the preciseness given in providing the magnitude, strength, and direction of the effects 

and the rigor those effects reflect within a specific domain. Because there is an emphasis 

on effect size, rather than statistical significance which, this approach stretches the scope 

for future directions in research; most importantly, data from a meta-analysis can support 

the development of innovative therapies that are appropriately matched to the source of 

dysfunction. Instead of identifying and treating symptoms, practitioners can incorporate 

information that identifies neurobiological variables and employ a more comprehensive 

approach to treatment planning. 

The results of this project can be utilized to promote additional research efforts 

that would further isolate and investigate the influence of covariates that significantly 

increase the risk of adverse morphological change in developing brains. Such knowledge 

could support the continued development of effective clinical interventions for the 

prevention, early identification, and treatment of psychiatric disorders and behavioral 

problems stemming from TELS.  
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Chapter 4: Results 

Introduction 

This study examined the relationship between TELS (IV) and hippocampal 

volume and structure (DVs) as measured through MRI scans in developing brains 

(childhood through early adulthood). I analyzed the results of both the standard 

deviations and effect sizes of the control and comparison groups of nine out of 22 

selected empirical studies that met all the criteria outlined in the selection process. The 

studies not included in the primary data analysis were analyzed using various post hoc 

procedures to determine patterns or relationships between co-variants not previously 

identified in the primary objects of this study. The research question and hypotheses are: 

Research Question 1: To what extent does the exposure to TELS impact the 

structure and volumetric measures of the hippocampus in the developing brain? 

H0: There is no relationship between TELS and aberrant morphological changes in 

the hippocampus of the developing brain. 

H1: There is a relationship between TELs and aberrant morphological changes in 

the hippocampus of the developing brain. 

In restating the variables under analysis, TELS included any or all the following: 

sexual abuse, physical abuse, exposure to family violence, exposure to and the experience 

of severe neglect, including emotional and physical neglect, poverty, abandonment, and 

psychological trauma including verbal abuse. Hippocampal volume and structure were 

measured through an MRI scan of developing brains (childhood through early 

adulthood). The null hypothesis states that there is no relationship between TELS and 
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hippocampal development. The alternative hypothesis concludes there is a relationship 

between TELs and aberrant morphological changes in the hippocampus of the developing 

brain 

Chapter 4 describes the data-analysis processes for determining the effect size as 

determined by Hedges’ g and Cohen’s d using cumulative meta-analysis. The ROI is 

limited to the hippocampal structure and volume. CMA V3 (Borenstein, 2009) software 

program was used for statistical analysis, and the functions of CMA are detailed in this 

section. Effect size computations for individual studies varied significantly with a total 

cumulative effect size ranging from small to moderate range (d= -0.296 to -0.413). 

Covariates frequently associated in studies with moderate to large effect sizes are 

identified and discussed later on in this chapter. 

Data Collection 

Inclusion and Exclusion Characteristics  

Over 200 studies were reviewed for this meta-analysis; 22 studies were selected 

for analysis, and nine met the inclusion criteria for primary data analysis. Many of the 

reviewed studies were excluded (see Appendix A) because of extreme age variations; for 

example, groups with mixed-age populations, ranging in ages from 5 weeks old to 87 

years old. Other studies focused on symptoms and diseases in participants who had been 

assessed for psychiatric disturbances.  
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Figure 5 

 Study selection process 

 

 

Selected Studies 

The table below lists the names of studies that met the final criteria for inclusion. 

After analysis of data, only nine studies met the criteria for inclusion for data analysis. 

Those studies are listed below.  Out of the 22 final selected studies, nine were used in the 

final analysis, and others not used in the final analysis were used in post hoc analysis of 

left and right hippocampal profiles. Jackson & Turner (2017) argued that a meta-analysis 

requires at least five or more studies to achieve the power to detect effects consistently. 

 

Data base search 
2015 - 2017

119, 000 citations 
"hippocamal 

development + 
early life stress"

116, 793 articles 
excluded after 
title/abstract 

screen

Inclusion criteria 
applied

207 articles 
reviewed

Inclusion criteria 
applied

182 articles 
excluded after full 

text review

25 articles 
selected

Data analysis 
techniques 
reviewed

22 articles met 
criteria for 
preliminary 

analsysis
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Table 1 

 Final Selected Studies 

Study Name #TELS 

Group 

TELS Male 

Subgroup 

#Non-TELS 

Comparison 

Mean Age Variables Measured 

Carrion 2001 24 14 24 11 PTSD, childhood trauma 

Hippocampus volume 

Chen 2010 23 0 32 13 MDD, female, genetics, 

hippocampal volume 

De Bellis 2002 28 14 66 12 maltreatment-related posttraumatic 

stress disorder (PTSD) 

Korgaonkar 2013 18 11 118 12 TELS, age, hippocampal structure 

and volume 

Mehta 2009 14 6 11 16 hippocampal volume, early severe 

deprivation amongst orphaned/ 

separated  

Morey 2016 63 30 57 10 hippocampal volume, maltreatment, 

PTSD 

Rao 2010 51 23 32 15 early-life adversity, morphologic 

changes in the hippocampus, and 

vulnerability to depressive disorder 

Tupler 2006 61 31 122 12 Hippocampal volume and early age 

trauma/adversity 

Veer 2015 12 0 12 27 Hippocampal Volume and shape; in 

PTSD Childhood Trauma 

 

 

Descriptive Statistics  

Heterogeneity. Heterogeneity was determined using statistical procedures 

outlined by Hedges and associates (1985, 1998) wherein the presence of heterogeneity 

was recognized if variance (t2) was greater than zero or where within-study variance 

(w2) was significant. The weight of each study was calculated by the inverse of its 

variance, the difference reflecting the within-studies variance plus the between-studies 

variance or tau-squared. Figures 6 and 7 display the basics statistics for each of the 

selected studies used in the final analysis. 

  



77 

 

 

 

Figure 6 

Independent groups (means, SDs) 

 

 

Figure 7 

 Independent groups (Sample size, p) 

 

 TELS Sample Control Independent group 
P-value 

Tails 

Rao 2010 51 32 0.000 2 
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Relative weight. CMA calculated relative weights for the standard deviations in each 

study by adjusting the combined beta weights to sum 100. Through cumulative meta-

analysis, the results are much more balanced through the use of relative weight and 

chronological summations, so that larger studies do not overshadow smaller ones. 

 

Figure 8  

Chart indicating relative weights of each study, fixed and random. 

 

 

 

Effect size computations. The effect size was corrected for bias using Hedges’ g 

and results recorded. In the computation, d is Cohen’s standardized mean difference, J is 

the correction for bias, g is Hedges’ standardized mean difference, and N = n1+ n2 for the 

total sample size. The program computed the standardized mean difference (d) and 

multiplied d by the correction factor (J) to compute g.  

 Data for left, right, and combined hippocampal volumetric measures were 

analyzed separately and as a total volume mass. Statistics from studies were entered using 

the means, standard deviation, and sample sizes of both TELS and control groups.  
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Cumulative meta-analysis data summary. Using a cumulative meta-analytical 

methodology, the effect size for all studies ranged from Hedges’ g (- 0.295; -0.408) and 

Cohen’s d (-0.296; -0.414) using fixed and random methods, respectively, reflecting a 

small to moderate according to Cohen’s (1988) measurements for effect size. Effect sizes 

for individual studies range from Hedges g = 0.00 (95% CI [-31, .31]) to Hedges g = 1.89 

(95% CI [=2.84, =.94]).  

Rejection of the null hypothesis. Whereas the results of using either random or 

fixed methods reflected variances of significance in effect size measures within studies 

and as a cumulative measure, the cumulative analysis of p values ranged from p = .005 

(random effects) to p < .001 (fixed effects). Lower p values are often interpreted as 

strength in the relationship between variables. Statistical significance in this meta-

analysis suggests that it is unlikely that the null hypothesis is true.  
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Figure 9 

Effect size using Hedges’ g. 

 

 

Figure 10 

Standard difference in means Cohen’s d. 
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Figure 11 

Correlation and 95% CI. 

     

Figure 12 

Forest plot Hedges’ g and 95% CI.           
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Publication Bias  

Publication bias was examined using both Classic fail-safe N and Orwin’s fail-

safe N, computed by CMA. Publication bias requires examination in meta-analytic 

studies primarily because (a) not all studies are published; (b) studies that report 

relatively large treatment effects are more likely to be submitted and accepted which 

inherently contributes to bias; (c) and therefore, results from selected studies are more 

likely to overestimate the true effect size or treatment effects (Borenstein, 2009). The 

inclusion criteria would also automatically determine the type of studies that would be 

analyzed in this research.  

Even with the rigorous measures used to identify appropriate studies, it is more 

than likely that studies were missed and that at the time of analysis, new studies were 

published. Failure to include missing studies results in obviously less data, wider 

confidence intervals, and less powerful tests, according to Borenstein (2009) although, he 

added that missing studies have no systemic impact on effect size unless they are 

systemically different from the ones chosen.  

The degree of publication bias is represented below from calculations made with 

Egger’s Regression Intercept and Classic fail-safe N, all computed by CMA. These 

statistics are presented below, along with a rationale for its use. 

Egger's test of the intercept. Egger’s test was used to estimate the asymmetry of 

data. Hence, two-tailed p-values above 0.03822 could be related to possible bias. P-

values less than 0.05 implicates publication bias. Egger suggested that bias is assessed 

using precision, which is the inverse of the standard error, to predict the standardized 
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effect size (Rothstein, Sutton, & Borenstein, 2005). The size of the effect is reflected by 

the slope of the regression line, while bias is reflected by the intercept. In this particular 

equation, the size of the treatment effect is reflected by the slope of the regression line 

(B1), while bias is reflected by the intercept (B0). Hence, the intercept (B0) is -4.12927, 

95% confidence interval (-7.33944, -0.91909), with t = 3.04163, df = 7. The 1-tailed p-

value is 0.00940, and the 2-tailed p-value is 0.01880.  

 

Table 2  

Egger’s test of the intercept 

Intercept -4.12927 

Standard error 1.35758 

95% lower limit (2-tailed) -7.33944 

95% upper limit (2-tailed) -0.91909 

t-value 3.04163 

df 7.00000 

P-value (1-tailed) 0.00940 

P-value (t-tailed) 0.01880 
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Rosenthal’s fail-safe N. Rosenthal’s fail-safe N calculates how many missing 

studies would be required before the p-value of the effect-size would become non-

significant. This approach focuses on statistical significance rather than the number of 

missing studies required to produce a non-significant effect. There is also a belief that the 

mean effect size of all missing studies is zero. This assumption counterbalances the 

possibility of a mean effect is positive or negative. Additionally, classical fail-safe N is a 

useful method to combine all the p-values across studies that are based on a test of 

combined significance to determine if the estimate is small or true; large or false 

(Rosenthal, 1979). In the results presented below for fail-safe N, the number of studies 

required to bring the p-value to greater than alpha is 43. The p-value for observed studies 

computed at zero, rejecting the null hypothesis. 

 

Table 3  

Rosenthal’s fail-safe N 

Z-value for observed studies -4.68735 

P-value for observed studies 0.00000 

Alpha 0.05000 

Tails 2.00000 

Z for alpha 1.95996 

Number of observed studies 9.00000 

 

*Number of missing studies to bring p-value to > alpha     43.00000 
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Figure 13 

Funnel plot of standard error by standard difference of means 

 

 
 

The funnel plot (figure 13) reflects the relationship between the standard error or 

precision on the vertical axis and the effect size on the horizontal axis. According to 

Borenstein (2009), larger studies will appear toward the top of the graph and cluster near 

the mean effect size while smaller studies hover toward the bottom of the graph and will 

disperse across a range of values. Sterne and Egger explained that although an effect size 

larger in small studies because of bias, it is also possible that the effect size is actually 

larger because of the use of different protocols or different populations (Sterne & Egger, 

2001). 



86 

 

 

Post Hoc Analysis of Left and Right Hippocampal Changes 

The left and right hippocampi have distinct roles and can be impacted differently 

according to functional and structural neuroimaging findings. The left side of the 

hippocampus encodes the verbal memory, and the right hippocampus encodes visual-

spatial memories (Schmidt & Schachter, 2008). In the final post hoc analysis of this 

study, I examined differences in reported changes between left and right hippocampal 

regions in six of the pilot studies.  

Figure 14 

Left hippocampal changes  

 

  
 

Figure 15 

 Right hippocampal changes 
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Except for the Mehta study, which determined statistical significance for both left 

and right hippocampal change, the CMA post hoc of remaining individual studies did not 

reflect statistical significance between left and right hippocampi. However, when 

comparing p values of left and right regions, it is data does reflect differences.  

Several variables that researchers can identify as determinants to left and right 

functioning included duration, age, and severity of abuse. For example, using MRI in 

animal studies, Rahman (2016) concluded that volume loss in the right hippocampus was 

visible after long periods of chronic stress. By contrast, volume loss in the left 

hippocampus could be detected as early as three days and progressively following a ten-

day chronic stress paradigm. Rahman reported that chronic stress could contribute to 

spatial memory impairment, the rates of deterioration varying over time (Rahman, 

Callaghan, Kerskens, Chattarji, & O’Mara, 2016). 

Poverty and abandonment were consistently linked to adverse hippocampal 

development, notably smaller overall volumetric measures and smaller left hippocampal 

size (Butterworth et al., 2012; Duval et al., 2017; Hanson et al., 2014; Hodel et al., 2015; 

Lawson et al., 2017; Piccolo & Noble, 2017; Tottenham et al., 2010; Yu et al., 2017). 

Summary of Results 

In this chapter, the data collection and preliminary analysis were discussed, 

showing the process of study selection from empirical studies on TELS and hippocampal 

development over two years. Over 200 studies were reviewed for this meta-analysis; 22 

met inclusion criteria for preliminary analysis. Of those 22, only nine empirical studies, 

conducted between 2001 and 2016, met the rigorous criteria for inclusion. The 
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researchers of the nine empirical studies used MRI scans to compare TELS participants 

with Non-TELS comparisons. They also administered a clinical assessment measure to 

determine intensity, type, and duration of abuse. The mean age of all groups was μ14.77 

years, with a range of μ10 years to μ27 years. The total number of TELS participants 

equaled 294, and comparison group participants totaled 474. The number of male 

participants in the final studies totaled 129, and the numbers of non-White participants 

represented less than 7% of the total population of 768 participants. The ROI included the 

hippocampal region of both control (TELS) and comparison (Non-TELS) groups.  

The purpose of this project was to examine the relationship between TELS and 

hippocampal volume and structure. The research question stated: “To what extent does 

TELS exposure impact the structure and volumetric measures of the hippocampus in the 

developing brain?” Analyses of data from fixed and random effects methods, in addition 

to cumulative meta-analysis computations, indicated associations between TELS and 

hippocampal volume and structure exist, thereby rejecting the null hypothesis.  

Chapter 5 includes a summary of key findings, how results match with those of 

previous research efforts, and recommendations for future explorations into the 

complicated relationship between TELS and hippocampal development. Implications for 

social change are included, along with suggestions for continued research in the field of 

TELS and neuroanatomical development. 
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Chapter 5: Discussion 

Introduction 

This meta-analysis examined the influence of TELS on the hippocampus of the 

developing brain. Trauma is defined as sexual abuse, physical abuse, exposure to family 

violence, emotional neglect, physical neglect, poverty, abandonment, and psychological 

abuse. Early life experiences refer to limited childhood life experiences that occur 

between the ages of 0 and late adolescence.  

In this study, I examined the relationship between TELS (IV) and hippocampal 

volume and structure (DVs) as measured through an MRI scan in developing brains using 

a meta-analytical approach, extracting data from 22 empirical studies, nine were selected 

for final analysis using the CMA program. The hippocampus was selected as the ROI as 

it is crucial in the functioning of memory and spatial relations. Determining the 

magnitude, strength, and direction of the correlation between TELS and hippocampal 

change supports the need for continued research in this arena. Additionally, the results 

could support the ongoing development of appropriate clinical assessment and treatment 

protocols. 

In the selected studies, hippocampal volume and structure were measured through 

an MRI scan of developing brains. The effect size was analyzed against the MRI 

measures of demographically matched comparison group participants who were not 

exposed to TELS. 

The morphology of the human brain, including size and shape, is crucial in 

understanding neurological diseases and dysfunction. Since the 1990s, the popularization 
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of high-resolution neuroimaging techniques has enabled researchers to focus on the 

subdivisions of the brain and the relationship between abnormal brain development and 

traumatic stress. For this research project, the hippocampus was selected for study 

because of its crucial role in social adaptation, memory, and learning, and because of its 

association with various types of psychiatric disorders and diseases. The null hypothesis 

assumes there was no correlation between TELS (IV) and aberrant morphological 

changes in the hippocampus of the developing brain. The alternative hypothesis suggests 

there is a relationship between TELs and aberrant morphological changes in the 

hippocampus of the developing brain. Analysis of nine pilot studies determined statistical 

significance, particularly when results were combined utilizing the cumulative meta-

analytical approach, between TELS (IV) and hippocampal structure and volume (DVs), 

thereby rejecting the null hypothesis.  

Covariates that were identified will be elaborated upon in this chapter to help the 

reader understand all the mitigating factors involved in this research, how these variables 

intersect with key findings, and why continued research into these issues is evident. 

Chapter 5 summarizes the results of the research pilot studies. Implications for 

social change are included, along with suggestions for continued research in the field of 

TELS and neuroanatomical development.  

Interpretation of Findings 

Summary of Research Design 

The studies under analysis were published between 2001 and 2016. The ROI 

included only the hippocampal region scanned through MRI of both control (TELS) and 
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comparison (No TELS) groups. All but one study included both control and 

demographically aged-matched comparison groups. All studies used both clinical 

assessment instruments and MRI scans to evaluate the relationship between the IV and 

DV variables. The total number of TELS participants included in the primary data 

analysis equaled 294; comparison group participants totaled 474. The number of male 

participants in the final studies totaled 129, and the numbers of non-White participants 

represented less than 7% of the total population of 768 participants. The mean age of all 

groups was μ14.77 years, with a range of μ10 years to μ27 years. 

 The purpose of this research was to determine if a relationship based on effect 

size could be established between the TELS and comparison groups, whereas effect size 

reflects the magnitude, strength, and direction. Cohen (1988) gave a guideline of 0.2 to 

reflect a small effect size, a medium effect size by 0.5, and a large effect size by 0.8. 

Analysis of data using fixed, random, and cumulative meta-analysis varied in the reports 

of effect size when applying Hedges’ g, Cohen’s d, and correlation values. Studies under 

analysis demonstrated significant variability with a negative slant reflecting the direction 

of the mean of the TELS group away from the mean of the comparison group. The data 

analysis also reflected effect sizes ranging from small to large in individual studies. The 

cumulative analysis of p values ranged from p = .005 (random effects) to p < .001 (fixed 

effects). The null hypothesis is unsubstantiated.  

The most frequently reported stressors were typically generalized as child 

maltreatment. The term, child maltreatment, could encompass all forms of abuse 

including witnessing violence, sexual abuse, and separation and loss (Carrion et al., 2001; 
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Carrion et al., 2007; De Bellis et al., 2002; Everaerd et al., 2012, 2016; Korgaonkar et al., 

2013; Morey, Haswell, Hooper, & Bellis, 2016; Piccolo & Noble, 2017). Sexual abuse 

presented as one of most severe forms of stress and was highly correlated with age at the 

time of onset and other factors like the relationship to caretaker and duration (Andersen et 

al., 2008; Carrion, Weems, & Reiss, 2007; De Bellis et al., 2002; Edmiston et al., 2011; 

Teicher, Anderson, & Polcari, 2012). Although sexual and physical abuse highly 

correlated with increased risk of depression (Hambrick et al., 2019; McEwen & 

Morrison, 2013), emotional maltreatment seemed to have a more substantial influence on 

negative self-concept and depressive symptoms (Edmiston et al., 2011). Researchers 

(Hanson et al., 2014; Hodel et al., 2014; Tottenham et al., 2010; Mehta et al., 2009,) also 

identified abandonment, which includes acts of separation from the birth family resulting 

in adoption, institutionalization, or foster care placement as a high-risk factor in abnormal 

hippocampal development. In fact, debilitation or mental illness of the primary caretaker 

(Chen, Hamilton, & Gotlib, 2010; Karten, Olariu, & Cameron, 2005; Walsh, Dalgleish, 

Lombardo, Dunn, Van Harmelan, Ban, et al., 2014), or parental death or chronic physical 

illness (Petchtel, Pia; Pizzagalli, 2011) can place a child at very high risk for aberrant 

brain development. Yu et al., 2017, and Hanson et al., 2014, reported differences in 

reductions in both left and right hippocampi in children with low SES. 

Covariates frequently identified during analysis included gender (Everaerd, 

Gerritsen, Rijpkema, Frodl, Franke & Fernandez, et al., 2012); age (Korgaonkar et al., 

2013; Mehta et al., 2009; Morey et al., 2016; Rao et al., 2010a; Andersen et al., 2008); 

adolescence as a sensitive period in the structural development of the hippocampus 
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(Morey, Haswell, Hooper, & De Bellis, 2016; Korgaonkar et al., 2013; Everaerd et al., 

2012; Rao et al., 2010), genetic predisposition (Rao, 2010; Frodl, 2010; Everaerd et al., 

2012), and duration of abuse (Perry, 2009; De Bellis et al., 2002).  

Additionally, the severity of abuse and timing (relative to age & stage 

development) appears to be crucial factors when coupled with the variables of gender and 

type of abuse (Andersen et al., 2008; Korgaonkar et al., 2013.). Other confounding 

variables that were identified in the studies were multiplicity and relationship to the 

perpetrator (Andersen et al., 2008; Mehta 2009; Edmiston 2011; Hanson 2014; Everaerd 

2016).  

The final data analysis summary supports evidence that volume and structural 

hippocampal change correlates with age and the severity of abuse. How the hippocampal 

volume is influenced by covariables, such as gender and genetics, demands further 

investigation. Furthermore, some researchers believe that hippocampal volume cannot be 

detected before adolescence and others believed that the measure could not be adequately 

detected until early adulthood (De Bellis, 2002; Everaerd, 2016; also see Korgaonkar et 

al., 2013; Mehta et al., 2009; Morey, Haswell, Hooper, & Bellis, 2016; Rao et al., 2010). 

This particular variable requires further research.  

The hippocampal structure appears to be significantly influenced by age and low 

SES, although the influence of the latter variable is not as evident. Further investigation 

into the relationship between low SES and hippocampal volume is warranted. 
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Table 4 

 Most frequently identified trauma types and covariates 

Most frequently studied 
trauma type 

Study Area frequently associated 
with trauma 

Child Maltreatment Carrion 2007; De Bellis 2002; Edmiston 
2011; Everaerd 2012; Everaerd 2016; 
Hanson 2014; Morey 2016; Piccola 
2017; Rao 2010; Teicher 2012; Tupler 
2006; Veer 2015; Walsh, 2014 

hippocampal volume 

Abandonment/Orphanage 
Institutionalization 

Hanson 2014; Hoedel 2014; Mehta 
2009; Tottenham 2010 

hippocampal volume 

Emotional Neglect Edmiston 2011 hippocampal volume 

Emotional Abuse Edmiston 2011 hippocampal volume 

Physical Abuse Edmiston 2011; Hanson 2014 hippocampal volume 

Physical Neglect Edmiston 2011, Hanson 2014 hippocampal volume 

Sexual Abuse Edmiston 2011; Andersen 2008; 
Carrion 2007; Teicher 2012; De Bellis 
2002 

hippocampal volume 

Chronic Illness of Primary 
Caretaker 

Chen 2010 hippocampal volume 

Low SES4 Yu 2017; Hanson 2014 hippocampal volume 
hippocampal structure 
 

Covariate: Age of Onset Andersen 2008; Carrion 2007; De Bellis 
2002; Walsh 2014; Whittle 2017 
 

hippocampal structure and 
hippocampal volume 

Covariate: Age Adolescent Korgaonkar 2013 hippocampal structure 

Covariate: Gender Everaerd 2012; de Bellis 2002; 
Edmiston 2011; Whittle 2017 

hippocampal volume  

Covariate: Genetic Propensity Chen 2010; Everaerd 2012 hippocampal volume 

Covariate: Duration of Abuse Andersen 2008  hippocampal volume 
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Theoretical Synergy Revisited 

The concept of traumatic stress as an etiological variable of psychiatric and 

physical illness is primarily rooted in the early works of 19th-century French neurologist, 

Charcot and Selye’s (1950, 1976) theories of GAS and LAS. These early theories are the 

catalytic agents to current efforts of neurobiological researchers who seek to unravel how 

neuropsychiatric disease differentially affects the biochemical functions and structure of 

various parts of the brain (Bremner, 2002; O’Neill et al., 2013; Wisse et al., 2012). 

Charcot’s ideologies developed the concepts we now refer to as trauma theory, in which 

Charcot suggested that many psychological disturbances had links to physiological 

trauma. Selye’s (1950, 1976) theories of GAS and LAS provided the catalyst that moved 

research on traumatic stress from the psychological to the neurobiological arena. Selye 

(1950, 1976) proposed that living organisms had the innate ability to adapt to changes in 

their surroundings.  

Several of the empirical studies selected for the final analysis included studies 

conducted by contemporary neuroscientists Anderson (2008), Carrion (2007), and 

Teicher (2012). The results of this research support their earlier findings. 

Limitations of the Study 

Study Sample  

In a data search that spanned over two years, over 200 studies were identified for 

review, yet only 22 met the inclusion criteria for preliminary analysis. From this pool, 

nine empirical studies, conducted between 2001 and 2016, met the rigorous criteria for 
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final analysis. It has been stated earlier in this discourse that statistical power for meta-

analytical studies can substantiate with five empirical studies (Jackson & Turner, 2017). 

Lack of Consensus in Definition 

Definitions of hippocampal structure and volume were not clearly defined, and 

what definitions existed seem to vary on the exactness of terminology. Interpretations 

may be due to variations in interpretations of boundaries or an MRI scan and 

neuroanatomical tracing techniques. These differences could impact reliability when 

measurements are compared.  

Publication Bias 

Interpreting results is dependent on the quality of the integrated studies. If one 

study is significantly biased, the entire meta-analysis will carry that bias. Other issues, 

such as the use of studies that only report positive results, can reduce the effectiveness of 

any research.  

Standardization 

Although research is demonstrating that TELS impacts the actual structure, 

volume, and subsequent functions of the brain, the published results seem to lack 

cohesiveness or standardized investigative procedures, which may prevent a clear 

consensus of results. 

Recommendations 

The following recommendations are made based on the experience of gathering 

information and conducting data analysis: 
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1. Further research is required to identify the processes that link levels of 

vulnerability to age and timing of insult; 

2.  Further investigation is also necessary to understand how gender and genetic 

biomarkers relate to or create vulnerability; 

3. More research is needed to investigate the links between low SES and 

hippocampal functioning; 

4. The contributions made through trauma-brain research can progress 

significantly with the development of a unified language and coding system 

that clearly and systematically defines traumatic stress and its biomarkers; 

5. Additionally, the field will significantly benefit in developing standardized 

research protocols. 

Implications 

As accurate, evidence-based research is made available, this information must 

then be quickly dispersed to the individuals, organizations, and systems that can affect 

positive social change through early identification, intervention, and treatment. 

Policymakers, educators, pediatricians, and those who serve this vulnerable population 

need current information to expand their knowledge-base and enhance awareness of the 

neurobiological implications of exposure to trauma and its impact on the brain. 

Developing a deeper understanding of the relationship between all variables can 

further the development of clinical interventions that sustain brain and psychological 

health or possibly even reverse the damage. As referenced earlier, Perry (2009) argued 

that when clinical interventions are explicitly linked to the area where dysregulation 
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originated, in this instance, to the injured area of the hippocampus, treatment would be in 

alignment with the stages of neuronal development and interventions would become 

more precisely attuned.  

Conclusions  

Social and Psychological Significance 

Each time a child experiences a severe occurrence of physical, emotional, or 

psychological trauma, the risks of long-term adverse consequences increase 

exponentially. Current statistics regarding early trauma state that over 38% of children in 

the United States will witness or experience a traumatic event (Centers for Disease 

Control and Prevention [CDC], 2019).  Also, children exposed to five or more significant 

adverse experiences in the first three years of life face a 76% likelihood of having one or 

more delays in their language, emotional, or brain development (Vervoort-Schel et al., 

2018). These consequences include cognitive, psychiatric, and sociological disabilities, 

which may compromise the individual’s ability to thrive and live happily.  

I designed this research study to determine if an effect size between TELS and 

hippocampal development identified. These efforts aim to make a meaningful 

contribution to the current knowledge base of this complicated subject. During the 

analysis of data, it became increasingly apparent that the type and severity of stressor, in 

combination with factors such as age and duration, significantly contribute to the 

potential damage in the developing brain. Other questions arose from the exploration into 

this area. For example, how does the individual’s perception of stress influence the 

experience and subsequent reactions? Which variables enhance resiliency and protection 
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during brain development? Also, how do the relevant experiences of social isolation 

produced by acts of discrimination or exclusion impact brain development? More 

information regarding genetic propensity and risks due to the influence of gender, or at 

least learned gender roles, is also required. 

This chapter provided a summary and interpretation of the results of this meta-

analysis. From a neurobiological perspective, understanding the pathways that could lead 

to biological and psychological dysregulation could further future efforts in the 

development of early intervention and treatment protocols for young children and 

adolescents who are deemed high-risk. Demonstrating that an effect size is evident 

between TELS and hippocampal morphology supports the need for continued efforts to 

decode the complicated interactions between the brain and trauma. The results of this 

study can contribute to the knowledge base regarding the psychological and 

neurobiological factors that create the highest risks for aberrant hippocampal 

development.  



100 

 

 

References 

American Psychological Association. (2017). Thesaurus of psychological terms. 

Retrieved from http://psycnet.apa.org/thesaurus 

Andersen, S. L., Tomada, A., Vincow, E. S., Valente, E., Polcari, A., & Teicher, M. H. 

(2008). Preliminary evidence for sensitive periods in the effect of childhood 

sexual abuse on regional brain development. The Journal of Neuropsychiatry and 

Clinical Neurosciences, 20(3), 292-

301. https://doi.org/10.1176/jnp.2008.20.3.292 

Arbabshirani, M. R., Plis, S., Sui, J., & Calhoun, V. D. (2016). Single subject prediction 

of brain disorders in neuroimaging: Promises and pitfalls. NeuroImage, 145, 137–

165. http://doi.org/10.1016/j.neuroimage.2016.02.079 

Baker, L. M., Williams, L. M., Korgaonkar, M. S., Cohen, R. A., Heaps, J. M., & Paul, 

R. H. (2013). Impact of early vs. late childhood early life stress on brain 

morphometrics. Brain Imaging and Behavior, 7(2), 196–203. 

http://doi.org/10.1007/s11682-012-9215-y 

Bassuk, E. L., Murphy, C., Coupe, N. T., Kenney, R. R., & Beach, C. A. (2010). 

America's youngest outcasts 2010. PsycEXTRA 

Dataset. https://doi.org/10.1037/e551162013-001 

Becker-Blease, K. A., & Freyd, J. J. (2005). Beyond PTSD. Journal of Interpersonal 

Violence, 20(4), 403–411. http://doi.org/10.1177/0886260504269485 

Behen, M. E., Muzik, O., Saporta, A. S. D., Wilson, B. J., Pai, D., Hua, J., & Chugani, H. 

T. (2009). Abnormal fronto-striatal connectivity in children with histories of early 



101 

 

 

deprivation: A diffusion tensor imaging study. Brain Imaging and Behavior, 3(3), 

292–297. http://doi.org/10.1007/s11682-009-9071-6 

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009). Introduction 

to Meta-Analysis. Chichester, UK: John Wiley & Sons. 

http://doi.org/10.1002/9780470743386 

Bremner, J. D., Randall, P., Scott, T. M., Bronen, R. A., Seibyl, J. P., Southwick, S. M., 

… Innis, R. B. (1995). MRI-based measurement of hippocampal volume in 

patients with combat-related posttraumatic stress disorder. The American Journal 

of Psychiatry, 152(7), 973–981. https://doi.org/10.1176/ajp.152.7.973 

Bremner, J. D., Randall, P., Vermetten, E., Staib, L., Bronen, R. A., Mazure, C., … 

Charney, D. S. (1997). Magnetic resonance imaging-based measurement of 

hippocampal volume in posttraumatic stress disorder related to childhood physical 

and sexual abuse--a preliminary report. Biological Psychiatry, 41(1), 23–32. 

http://doi.org/10.1016/S0006-3223(96)00162-X 

Bremner, J. D. (2002). Neuroimaging studies in post-traumatic stress disorder. Current 

Psychiatry Reports, 4(4), 254–63. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/12126593 

Bremner, J. D., Vythilingam, M., & Vermette, E. (2003). MRI and PET study of deficits 

in hippocampal structure and function in women with childhood sexual abuse and 

posttraumatic stress disorder. American Journal of Psychiatry, 160(May), 924–

932. https://doi.org/10.1176/appi.ajp.160.5.924 

Bremner, J. (2006). Traumatic stress: effects on the brain. Dialogues in Clinical 



102 

 

 

Neuroscience, 8(4), 445–461. Retrieved from 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181836/ 

Brown, H. I. (1996). The methodological roles of theory in science. In B. L. Rhoads & C. 

E. Thorn (Eds.), The Scientific Nature of Geomorphology: Proceedings of the 

27th Binghamton Symposium in Geomorphology Held 27-29 September 1996 (pp. 

1–18). New York, NY: Wiley. 

Butterworth, P., Cherubim, N., Sachdev, P., & Anstey, K. J. (2012). The association 

between financial hardship and amygdala and hippocampal volumes: Results 

from the PATH through life project. Social Cognitive and Affective Neuroscience, 

7(5), 548–556. http://doi.org/10.1093/scan/nsr027 

Carey, B. B. (2010, January 9). Herbert Spiegel, doctor who popularized hypnosis, dies at 

95. The New York Times, pp. 1–5. New York, NY. Retrieved from 

http://www.nytimes.com/2010/01/10/health/10spiegel.html 

Carrion, V. G., Weems, C. F., Eliez, S., Patwardhan, A., Brown, W., Ray, R. D., & 

Reiss, A. L. (2001). Attenuation of frontal asymmetry in pediatric posttraumatic 

stress disorder. Biological Psychiatry, 50(12), 943-

951. https://doi.org/10.1016/s0006-3223(01)01218-5 

Carrion, V. G., Weems, C. F., & Reiss, A. L. (2007). Stress predicts brain changes in 

children: A pilot longitudinal study on youth stress, posttraumatic stress disorder, 

and the hippocampus. PEDIATRICS, 119(3), 509-

516. https://doi.org/10.1542/peds.2006-2028 

Carrion, V. G., Weems, C. F., Watson, C., Eliez, S., Menon, V., & Reiss, A. L. (2009). 



103 

 

 

Converging evidence for abnormalities of the prefrontal cortex and evaluation of 

midsagittal structures in pediatric posttraumatic stress disorder: An MRI 

study. Psychiatry Research: Neuroimaging, 172(3), 226-

234. https://doi.org/10.1016/j.pscychresns.2008.07.008 

Caruana, D. A., Alexander, G. M., & Dudek, S. M. (2012). New insights into the 

regulation of synaptic plasticity from an unexpected place: Hippocampal area 

CA2. Learning & Memory, 19(9), 391–400. http://doi.org/10.1101/lm.025304.111 

Caruth, C. (1996). Unclaimed experience: Trauma, narrative, and history. Johns Hopkins 

University Press 

Casey, B. J., Tottenham, N., Liston, C., & Durston, S. (2005). Imaging the developing 

brain: What have we learned about cognitive development? Trends in Cognitive 

Sciences, 9(3 SPEC. ISS.), 104–110. http://doi.org/10.1016/j.tics.2005.01.011 

Centers for Disease Control and Prevention. (2019). Adverse Childhood Experiences. 

https://www.cdc.gov/features/prevent-childhood-trauma/index.html 

Citizens Commission on Human Rights. (2017). Number of Children & Adolescents 

Taking Psychiatric Drugs in the U. S. Retrieved from https://www.cchrint.org/ 

Charcot, J. M. (1881). Two Cases of Lateral Symmetrical Amyotrophic Sclerosis. In G. 

Sigerson (Ed. & Tr.), Lectures on the diseases of the nervous system delivered at 

La Salpêtrière (pp. 341–362). Retrieved from 

http://www.archive.org/details/lecturesondiseas01char 

Chen, M. C., Hamilton, J. P., & Gotlib, I. H. (2010). Decreased hippocampal volume in 

healthy girls at risk of depression. Archives of General Psychiatry, 67(3), 270–



104 

 

 

276. http://doi.org/10.1016/j.ypsy.2010.09.016 

Child Welfare Information Gateway. (2016). Definitions of Child Abuse and Neglect. 

Retrieved from https://www.childwelfare.gov/topics/systemwide/laws-

policies/statutes/define/ 

Cohen, S., Janicki-Deverts, D., & Miller, G. (2007). Psychological stress and disease. 

JAMA: The Journal of the American Medical Association, 298(14), 1685–1687. 

http://doi.org/10.1001/jama.298.14.1685 

Connery, D. (2009). Dr. Herbert Spiegel. Retrieved from 

http://www.drherbertspiegel.com/pages/main.php?pageName=bio 

Crocq, Marc-Antoine; Crocq, L. (2000). From shell shock and war neurosis to 

posttraumatic stress disorder: a history of psychotraumatology. Dialogues in 

Clinical Neuroscience, 2(1), 47–55. 

De Bellis, M. D., Keshavan, M. S., Shifflett, H., Iyengar, S., Beers, S. R., Hall, J., & 

Moritz, G. (2002). Brain structures in pediatric maltreatment-related 

posttraumatic stress disorder: A sociodemographically matched study. Biological 

Psychiatry, 52(2), 1066–1078. http://doi.org/10.1016/S0006-3223(02)01459-2 

De Kloet, E. R. (2003). Hormones, brain and stress. Endocrine Regulations, 37(2), 51–

68. 

Duval, E. R., Garfinkel, S. N., Swain, J. E., Evans, G. W., Blackburn, E. K., Angstadt, 

M., … Liberzon, I. (2017). Childhood poverty is associated with altered 

hippocampal function and visuospatial memory in adulthood. Developmental 

Cognitive Neuroscience. http://doi.org/10.1016/j.dcn.2016.11.006 



105 

 

 

Edmiston, E. E., Wang, F., Mazure, C. M., Guiney, J., Sinha, R., Mayes, L. C., & 

Blumberg, H. P. (2011). Corticostriatal-Limbic Gray Matter Morphology in 

Adolescents with Self-reported Exposure to Childhood Maltreatment. Archives of 

Pediatrics and Adolescent Medicine, 165(12), 1069–1077. 

http://doi.org/10.1001/archpediatrics.2011.565 

Evans, S. E., Davies, C., & DiLillo, D. (2008). Exposure to domestic violence: A meta-

analysis of child and adolescent outcomes. Aggression and Violent Behavior, 

13(2), 131–140. http://doi.org/10.1016/j.avb.2008.02.005 

Everaerd, D., Gerritsen, L., Rijpkema, M., Frodl, T., van Oostrom, I., Franke, B., … 

Tendolkar, I. (2012). Sex Modulates the Interactive Effect of the Serotonin 

Transporter Gene Polymorphism and Childhood Adversity on Hippocampal 

Volume. Neuropsychopharmacology, 37(8), 1848–1855. 

http://doi.org/10.1038/npp.2012.32 

Everaerd, D., Klumpers, F., Zwiers, M., Guadalupe, T., Franke, B., van Oostrom, I., … 

Tendolkar, I. (2016). Childhood abuse and deprivation are associated with distinct 

sex-dependent differences in brain morphology. Neuropsychopharmacology, 

41(7), 1716–1723. http://doi.org/10.1038/npp.2015.344 

Fairbairn, W. R. (1943). The War Neuroses—Their Nature and Significance (1943). 

British Medical Journal, 14(1), 183–186. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2282221/pdf/brmedj03977-

0008.pdf 

Fang, X., Brown, D. S., Florence, C. S., & Mercy, J. A. (2012). The economic burden of 



106 

 

 

child maltreatment in the United States and implications for prevention. Child 

Abuse & Neglect, 36(2), 156–165. http://doi.org/10.1016/j.chiabu.2011.10.006 

Farber, M. A. (1981, July 22). Dr. Abram Kardiner, 89, a student of Freud’s dies. New 

York Times, pp. 1–2. New York, New York, USA. Retrieved from 

http://www.nytimes.com/1981/07/22/obituaries/dr-abra-kardiner-89-a-student-of-

freud-s-dies.html 

Fonzo, G. A. (2013). Early Life Stress and the Anxious Brain. Electronic Theses and 

Dissertations US San Diego. http://doi.org/10.1017/CBO9781107415324.004 

Franke, H. (2014). Toxic Stress: Effects, Prevention and Treatment. Children, 1(3), 390–

402. http://doi.org/10.3390/children1030390 

Frankel, J. B. (1998). Ferenczi â€TM S Trauma Theory. October, 58(1), 41–61. 

Frodl, T., Reinhold, E., Koutsouleris, N., Reiser, M., & Meisenzahl, E. M. (2010). 

Interaction of childhood stress with hippocampus and prefrontal cortex volume 

reduction in major depression. Journal of Psychiatric Research, 44(13), 799–807. 

https://doi.org/10.1016/j.jpsychires.2010.01.006 

Frodl, T., & O’Keane, V. (2013). How does the brain deal with cumulative stress? A 

review with focus on developmental stress, HPA axis function and hippocampal 

structure in humans. Neurobiology of Disease (Vol. 52). Elsevier B.V. 

http://doi.org/10.1016/j.nbd.2012.03.012 

Garmezy, N., & Streitman, S. (1974). Children at risk: The search for the antecedents of 

schizophrenia, part I. Conceptual models and research methods. Schizophrenia 

Bulletin, 1(8), 125. http://doi.org/10.1093/schbul/1.8.14 



107 

 

 

Gerson, R., & Rappaport, N. (2013). Traumatic stress and posttraumatic stress disorder in 

youth: Recent research findings on clinical impact, assessment, and treatment. 

Journal of Adolescent Health, 52(2), 137–143. 

http://doi.org/10.1016/j.jadohealth.2012.06.018 

Gianaros, P. J., Jennings, J. R., Sheu, L. K., Greer, P. J., Kuller, L. H., & Matthews, K. A. 

(2007). Prospective reports of chronic life stress predict decreased grey matter 

volume in the hippocampus. NeuroImage, 35(2), 795–803. 

http://doi.org/10.1016/j.neuroimage.2006.10.045 

Gilbertson, M. W., Shenton, M. E., Ciszewski, A., Kasai, K., Lasko, N. B., Orr, S. P., & 

Pitman, R. K. (2002). Smaller hippocampal volume predicts pathologic 

vulnerability to psychological trauma. Nature Neuroscience, 5(11), 1242–1247. 

http://doi.org/10.1038/nn958 

Glass, G.; McGaw, B; & Smith, M. (1981). Meta-analysis in social research. Sage 

Publications 

Graham, A. M., Pfeifer, J. H., Fisher, P. a., Lin, W., Gao, W., & Fair, D. a. (2014). The 

potential of infant fMRI research and the study of early life stress as a promising 

exemplar. Developmental Cognitive Neuroscience, 12, 12–39. 

http://doi.org/10.1016/j.dcn.2014.09.005 

Gross, C. M., Flubacher, A., Tinnes, S., Heyer, A., Scheller, M., Herpfer, I., … Haas, C. 

a. (2012). Early life stress stimulates hippocampal reelin gene expression in a sex-

specific manner: evidence for corticosterone-mediated action. Hippocampus, 

22(3), 409–20. http://doi.org/10.1002/hipo.20907 



108 

 

 

Hambrick, E. P., Brawner, T. W., & Perry, B. D. (2019). Timing of Early-Life Stress and 

the Development of Brain-Related Capacities. Frontiers in Behavioral 

Neuroscience, 13(August), 1–14. https://doi.org/10.3389/fnbeh.2019.001 

Hanson, J. L., Chung, M. K., Avants, B. B., Shirtcliff, E. A., Gee, J. C., Davidson, R. J., 

& Pollak, S. D. (2010). Early stress is associated with alterations in the 

Orbitofrontal cortex: A tensor-based Morphometry investigation of brain structure 

and behavioral risk. Journal of Neuroscience, 30(22), 7466-

7472. https://doi.org/10.1523/jneurosci.0859-10.2010 

Hanson, J. L., Chung, M. K., Avants, B. B., Rudolph, K. D., Shirtcliff, E. A., Gee, J. C., 

Davidson, R. J., & Pollak, S. D. (2012). Structural variations in prefrontal cortex 

mediate the relationship between early childhood stress and spatial working 

memory. Journal of Neuroscience, 32(23), 7917-

7925. https://doi.org/10.1523/jneurosci.0307-12.2012 

Hanson, J. L., Nacewicz, B. M., Sutterer, M. J., Cayo, A. A., Schaefer, S. M., 

Rudolph, K. D., Shirtcliff, E. A., Pollak, S. D., & Davidson, R. J. (2015). 

Behavioral problems after early life stress: Contributions of the hippocampus and 

amygdala. Biological Psychiatry, 77(4), 314-

323. https://doi.org/10.1016/j.biopsych.2014.04.020 

Hart, O., & Horst, R. (1989). The dissociation theory of Pierre Janet. Journal of 

Traumatic Stress, 2(4), 397–412. doi: 10.1007/bf00974598 

Hasselmo, M. E. (2005). The role of hippocampal regions CA3 and CA1 in matching 

entorhinal input with retrieval of associations between objects and context: 



109 

 

 

Theoretical comment on Lee et al. (2005). Behavioral Neuroscience, 119(1), 342–

345. http://doi.org/10.1037/0735-7044.119.1.342 

Hayman, L. A., Fuller, N., Pfleger, M. J., Meyers, A., & Jackson, F. (1998). Pictorial 

Essay the Hippocampus: Normal Anatomy and Pathology Dentate gyrus. 

American Journal of Roentgenology, 171(October), 1139–1146. 

Hedges, L. V. (1984). Estimation of Effect Size under Nonrandom Sampling: The Effects 

of Censoring Studies Yielding Statistically Insignificant Mean Differences. 

Journal of Educational and Behavioral Statistics, 9(1), 61–85. 

http://doi.org/10.3102/10769986009001061 

Heim, C., Shugart, M., Craighead, W. E., & Nemeroff, C. B. (2010). Neurobiological and 

psychiatric consequences of child abuse and neglect. Developmental 

Psychobiology, 52(7), 671–90. http://doi.org/10.1002/dev.20494 

Herman, J. L. (1992). Trauma and Recovery. New York: Basic, 1992. 

Hickie, I., Naismith, S., Ward, P. B., Turner, K., Scott, E., Mitchell, P., … Parker, G. 

(2005). Reduced hippocampal volumes and memory loss in patients with early- 

and late-onset depression. British Journal of Psychiatry, 186(MAR.), 197–202. 

http://doi.org/10.1192/bjp.186.3.197 

Hodel, A. S., Hunt, R. H., Cowell, R. a, Heuvel, S. E. Van Den, Gunnar, M. R., & 

Thomas, K. M. (2015). NeuroImage Duration of early adversity and structural 

brain development in post-institutionalized adolescents. NeuroImage, 105, 112–

119. http://doi.org/10.1016/j.neuroimage.2014.10.020 

Hollands, C., Bartolotti, N., & Lazarov, O. (2016). Alzheimer’s Disease and 



110 

 

 

Hippocampal Adult Neurogenesis; Exploring Shared Mechanisms. Frontiers in 

Neuroscience, 10(May), 1–8. https://doi.org/10.3389/fnins.2016.00178 

Jackson, D., & Turner, R. (2017). Power analysis for random-effects meta-analysis. 

Research Synthesis Methods, 8(3), 290–302. https://doi.org/10.1002/jrsm.1240 

Jin, F., Li, L., Shi, M., Li, Z., Zhou, J., & Chen, L. (2013, June 1). The longitudinal study 

of rat hippocampus influenced by stress: early adverse experience enhances 

hippocampal vulnerability and working memory deficit in adult rats. Behavioural 

Brain Research. http://doi.org/10.1016/j.bbr.2013.02.029 

Jonas, P., & Lisman, J. (2014). Structure, function, and plasticity of hippocampal dentate 

gyrus microcircuits. Frontiers in Neural Circuits, 8(September), 2013–2014. 

http://doi.org/10.3389/fncir.2014.00107 

Kardiner, A. (1941). Forward. In P. B. Hoeber (Ed.), The Traumatic Neurosis of War (pp. 

v–vii). New York, New York, USA: The National Research Council. 

Karl, A., Schaefer, M., Malta, L. S., Dörfel, D., Rohleder, N., & Werner, A. (2006). A 

meta-analysis of structural brain abnormalities in PTSD. Neuroscience and 

Biobehavioral Reviews. http://doi.org/10.1016/j.neubiorev.2006.03.004 

Karten, Y. J. G., Olariu, A., & Cameron, H. a. (2005). Stress in early life inhibits 

neurogenesis in adulthood. Trends in Neurosciences, 28(4), 171–2. 

http://doi.org/10.1016/j.tins.2005.01.009 

Kaur, H. (2014). Posttraumatic stress disorder in maltreated multiracial youth 

[dissertation]. University of Nevada, Las Vegas, 2014. 211 Pp., 211. 

http://doi.org/10.1177/0886260504269097 



111 

 

 

Keding, T. J., & Herringa, R. J. (2014). Abnormal Structure of Fear Circuitry in Pediatric 

Post-Traumatic Stress Disorder. Neuropsychopharmacology, 40(3), 537–545. 

http://doi.org/10.1038/npp.2014.239 

Keller, S. S., & Roberts, N. (2009). Measurement of brain volume using MRI: Software, 

techniques, choices and prerequisites. Journal of Anthropological Sciences, 

87(February), 127–151. 

Kempermann, G. (2013). Adult Neurogenesis. Neuroscience in the 21st Century, 

(20152003), 161–178. http://doi.org/10.1007/978-1-4614-1997-6 

Köbbert, C., Apps, R., Bechmann, I., Lanciego, J. L., Mey, J., & Thanos, S. (2000). 

Current concepts in neuroanatomical tracing. Progress in Neurobiology, 62(4), 

327–351. http://doi.org/10.1016/S0301-0082(00)00019-8 

Koolschijn, P. C. M. P., van IJzendoorn, M. H., Bakermans-Kranenburg, M. J., & Crone, 

E. A. (2013). Hippocampal volume and internalizing behavior problems in 

adolescence. European Neuropsychopharmacology, 23(7), 622–628. 

http://doi.org/10.1016/j.euroneuro.2012.07.001 

Korgaonkar, M. S., Antees, C., Williams, L. M., Gatt, J. M., Bryant, R. A., Cohen, R., … 

Grieve, S. M. (2013). Early Exposure to Traumatic Stressors Impairs Emotional 

Brain Circuitry. PLoS ONE, 8(9), 1–9. 

http://doi.org/10.1371/journal.pone.0075524 

Krogsrud, S. K., Tamnes, C. K., Fjell, A. M., Amlien, I., Grydeland, H., Sulutvedt, U., … 

Walhovd, K. B. (2014). Development of hippocampal subfield volumes from 4 to 

22 years. Human Brain Mapping, 35(11), 5646–5657. 



112 

 

 

http://doi.org/10.1002/hbm.22576 

Kumar, D. R., Aslinia, F., Yale, S. H., & Mazza, J. J. (2011). Jean-Martin Charcot: The 

father of neurology. Clinical Medicine and Research, 9(1), 46–49. 

http://doi.org/10.3121/cmr.2009.883 

Laviña, B. (2016). Brain Vascular Imaging Techniques. International Journal of 

Molecular Sciences, 18(1), 70. http://doi.org/10.3390/ijms18010070 

Lawson, G. M., Camins, J. S., Wisse, L., Wu, J., Duda, J. T., Cook, P. A., Gee, J. C., & 

Farah, M. J. (2017). Childhood socioeconomic status and childhood maltreatment: 

Distinct associations with brain structure. PLOS ONE, 12(4), 

e0175690. https://doi.org/10.1371/journal.pone.0175690 

Lenroot, R. K., & Giedd, J. N. (2006). Brain development in children and adolescents: 

Insights from anatomical magnetic resonance imaging. Neuroscience and 

Biobehavioral Reviews, 30(6), 718–729. 

http://doi.org/10.1016/j.neubiorev.2006.06.001 

Liberati, A. (2009). The PRISMA statement for reporting systematic reviews and meta-

analyses of studies that evaluate health care interventions: Explanation and 

elaboration. Annals of Internal Medicine, 151(4), 

W. https://doi.org/10.7326/0003-4819-151-4-200908180-00136 

Lin, M., Fwu, P. T., Buss, C., Davis, E. P., Head, K., Muftuler, L. T., Sandman, C. A., & 

Su, M. (2013). Developmental changes in hippocampal shape among 

preadolescent children. International Journal of Developmental 

Neuroscience, 31(7), 473-481. https://doi.org/10.1016/j.ijdevneu.2013.06.001 



113 

 

 

Lindgren, L., Bergdahl, J., & Nyberg, L. (2016). Longitudinal Evidence for Smaller 

Hippocampus Volume as a Vulnerability Factor for Perceived Stress. Cerebral 

Cortex, 26(8), 3527–3533. http://doi.org/10.1093/cercor/bhw154 

Liou, S. (2011). About Glutamate Toxicity. Retrieved August 1, 2018, from 

https://web.stanford.edu/group/hopes/cgi-bin/hopes_test/about-glutamate-toxicity/ 

Luby, J., Belden, A., Botteron, K., Marrus, N., Harms, M. P., Babb, C., Nishino, T., & 

Barch, D. (2013). The effects of poverty on childhood brain development. JAMA 

Pediatrics, 167(12), 1135. https://doi.org/10.1001/jamapediatrics.2013.3139 

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress 

throughout the lifespan on the brain, behaviour and cognition. Nature Reviews. 

Neuroscience, 10(6), 434–45. http://doi.org/10.1038/nrn2639 

McEwen, B. S., Gray, J. D., & Nasca, C. (2015). Recognizing resilience: Learning from 

the effects of stress on the brain. Neurobiology of Stress, 1, 1–11. 

http://doi.org/10.1016/j.ynstr.2014.09.001 

McEwen, B. S., & Morrison, J. H. (2013). The brain on stress: vulnerability and plasticity 

of the prefrontal cortex over the life course. Neuron, 79(1), 16–29. 

http://doi.org/10.1016/j.neuron.2013.06.028 

Mehta, M. A., Golembo, N. I., Nosarti, C., Colvert, E., Mota, A., Williams, S. C., Rutter, 

M., & Sonuga-Barke, E. J. (2009). Amygdala, hippocampal and corpus callosum 

size following severe early institutional deprivation: The English and Romanian 

adoptees study pilot. Journal of Child Psychology and Psychiatry, 50(8), 943-951. 

https://doi.org/10.1111/j.1469-7610.2009.02084.x 



114 

 

 

Mello, M. F., Faria, A. A., Mello, A. F., Carpenter, L. L., Tyrka, A. R., & Price, L. H. 

(2009). Childhood maltreatment and adult psychopathology: Pathways to 

hypothalamic-pituitary-adrenal axis dysfunction. Revista Brasileira de 

Psiquiatria, 31(SUPPL. 2). https://doi.org/10.1590/S1516-44462009000600002 

Moher, D., Shamseer, L., Clarke, M. et al. Preferred reporting items for systematic 

review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 4, 1 

(2015). https://doi.org/10.1186/2046-4053-4-1 

Morelli, S. A., Rameson, L. T., & Lieberman, M. D. (2014). The neural components of 

empathy: Predicting daily prosocial behavior. Social Cognitive and Affective 

Neuroscience, 9(1), 39–47. http://doi.org/10.1093/scan/nss088 

Myers, C. E., & Scharfman, H. E. (2009). A role for hilar cells in pattern separation in the 

dentate gyrus: A computational approach. Hippocampus, 19(4), 321–337. 

http://doi.org/10.1002/hipo.20516 

Nagel, B. J., Palmer, S. L., Reddick, W. E., Glass, J. O., Helton, K. J., Wu, S., … 

Mulhern, R. K. (2004). Abnormal hippocampal development in children with 

medulloblastoma treated with risk-adapted irradiation. American Journal of 

Neuroradiology, 25(October), http://www.ajnr.org/content/ajnr/25/9/1575.full.pdf 

National Alliance on Mental Illness, (2009). Mental Health. Facts (Vol. 2009). Retrieved 

from http://www.who.int/mental_health/en/ 

Nemeroff, C. B. (2016). Paradise Lost: The Neurobiological and Clinical Consequences 

of Child Abuse and Neglect. Neuron, 89(5), 892–909. 

http://doi.org/10.1016/j.neuron.2016.01.019 



115 

 

 

Nunes, P. M., Wenzel, A., Borges, K. T., Porto, C. R., Caminha, R. M., & de Oliveira, I. 

R. (2009). Volumes of the Hippocampus and Amygdala in Patients with 

Borderline Personality Disorder: A Meta-Analysis. Journal of Personality 

Disorders, 23(4), 333–345. http://doi.org/10.1521/pedi.2009.23.4.333 

O’Doherty, D. C. M., Chitty, K. M., Saddiqui, S., Bennett, M. R., & Lagopoulos, J. 

(2015). A systematic review and meta-analysis of magnetic resonance imaging 

measurement of structural volumes in posttraumatic stress disorder. Psychiatry 

Research - Neuroimaging, 232(1), 1–33. 

http://doi.org/10.1016/j.pscychresns.2015.01.002 

O’Keefe, J., & Nadel, L. (1978). Anatomy. The Hippocampus as a Cognitive Map, 103–

140. 

O’Mahony, S. M., Marchesi, J. R., Scully, P., Codling, C., Ceolho, A.-M., Quigley, E. M. 

M., … Dinan, T. G. (2009). Early life stress alters behavior, immunity, and 

microbiota in rats: implications for irritable bowel syndrome and psychiatric 

illnesses. Biological Psychiatry, 65(3), 263–7. 

http://doi.org/10.1016/j.biopsych.2008.06.026 

O’Neill, A., D’Souza, A., Carballedo, A., Joseph, S., Kerskens, C., & Frodl, T. (2013). 

Magnetic resonance imaging in patients with borderline personality disorder: a 

study of volumetric abnormalities. Psychiatry Research, 213(1), 1–10. 

http://doi.org/10.1016/j.pscychresns.2013.02.006 

Obenaus, A., Yong-Hing, C. J., Tong, K. A., & Sarty, G. E. (2001). A reliable method for 

measurement and normalization of pediatric hippocampal volumes. Pediatric 



116 

 

 

Research, 50(1), 124–32. http://doi.org/10.1203/00006450-200107000-00022 

Onwuachi-Willig, A. (2016). The Trauma of the Routine. Sociological Theory, 34(4), 

335–357. http://doi.org/10.1177/0735275116679864 

Pan, W. X., & McNaughton, N. (2004). The supramammillary area: Its organization, 

functions and relationship to the hippocampus. Progress in Neurobiology, 74(3), 

127–166. http://doi.org/10.1016/j.pneurobio.2004.09.003 

Paquola, C., Bennett, M. R., Hatton, S. N., Hermens, D. F., Groote, I., & Lagopoulos, J. 

(2017). Hippocampal development in youth with a history of childhood 

maltreatment. Journal of Psychiatric Research, 91, 149–155. 

http://doi.org/10.1016/j.jpsychires.2017.03.019 

Peláez, M. G. (2009). Trauma theory in Sándor Ferenczi’s writings of 1931 and 1932. 

International Journal of Psychoanalysis, 90(6), 1217–1233. 

http://doi.org/10.1111/j.1745-8315.2009.00190.x 

Perry, B. D. (2009). Examining Child Maltreatment Through a Neurodevelopmental 

Lens: Clinical Applications of the Neurosequential Model of Therapeutics. 

Journal of Loss and Trauma, 14(4), 240–255. 

http://doi.org/10.1080/15325020903004350 

Petchtel, Pia; Pizzagalli, D. (2011). Effects of Early Life Stress on Cognitive and 

Affective Function: An Integrated Review of Human Literature. 

Psychopharmacology. Retrieved from 

http://cdasr.mclean.harvard.edu/content/publications/LATN/2011/Pechtel_P11.pdf 

Peterson, Cora; Florence, Curtis; Kelvens, J. (2018). The economic burden of child 



117 

 

 

maltreatment in the United States, 2015. Child Abuse and Neglect, 86(1), 178–

183. https://doi.org/10.1016 

Piccolo, L. R., & Noble, K. G. (2017). Perceived stress is associated with smaller 

hippocampal volume in adolescence. Psychophysiology, i(October). 

http://doi.org/10.1111/psyp.13025 

Radstone, S. (2007). Trauma Theory: Contexts, Politics, Ethics, 1, 9–29. 

Rahman, M. M., Callaghan, C. K., Kerskens, C. M., Chattarji, S., & O’Mara, S. M. 

(2016). Early hippocampal volume loss as a marker of eventual memory deficits 

caused by repeated stress. Scientific Reports, 6(July), 1–15. 

https://doi.org/10.1038/srep29127 

Ramaswamy, K. (2014). What the rodent brain can teach us about associative learning. 

Retrieved from https://indiabioscience.org/news/2014/what-the-rodent-brain-can-

teach-us-about-associative-learning 

Rao, U., Chen, L., Bidesi, A. S., Shad, M. U., Thomas, M. A., & Hammen, C. L. (2010). 

Hippocampal Changes Associated with Early-Life Adversity and Vulnerability to 

Depression. Biological Psychiatry, 67(4), 357–364. 

http://doi.org/10.1016/j.biopsych.2009.10.017 

Reed, K., Kochetkova, I., & Molyneux-Hodgson, S. (2016). ‘You’re looking for different 

parts in a jigsaw’: foetal MRI (magnetic resonance imaging) as an emerging 

technology in professional practice. Sociology of Health and Illness, 38(5), 736–

752. http://doi.org/10.1111/1467-9566.12398 

Ringel, S. (2012). Overview: History of trauma theory. Trauma: Contemporary Direction 

in Theory, Practice, and Research, 1–12. 

Rinne-Albers, M. A. W., Van Der Wee, N. J. A., Lamers-Winkelman, F., & Vermeiren, 



118 

 

 

R. R. J. M. (2013, December 4). Neuroimaging in children, adolescents and 

young adults with psychological trauma. European Child and Adolescent 

Psychiatry. http://doi.org/10.1007/s00787-013-0410-1 

Ritchie, K., Jaussent, I., Portet, F., Courtet, P., Malafosse, A., Maller, J., … Ancelin, M.-

L. (2012). Depression in elderly persons subject to childhood maltreatment is not 

modulated by corpus callosum and hippocampal loss. Journal of Affective 

Disorders, 141(2–3), 294–9. http://doi.org/10.1016/j.jad.2012.03.035 

Rothstein, H. R., Sutton, A. J., & Borenstein, M. (2005). Publication bias in meta-

analysis: Prevention, assessment and adjustments. Wiley. 

Samplin, E., Ikuta, T., Malhotra, A. K., Szeszko, P. R., & Derosse, P. (2013). Sex 

differences in resilience to childhood maltreatment: effects of trauma history on 

hippocampal volume, general cognition and subclinical psychosis in healthy 

adults. Journal of Psychiatric Research, 47(9), 1174–9. 

http://doi.org/10.1016/j.jpsychires.2013.05.008 

Sanders-Phillips, K. (2009). Racial discrimination: a continuum of violence exposure for 

children of color. Clinical Child and Family Psychology Review, 12(2), 174–95. 

http://doi.org/10.1007/s10567-009-0053-4 

Science NetLinks. (2017). Growth Stages 1: Infancy and Early Childhood. Retrieved 

from http://sciencenetlinks.com/lessons/growth-stages-1-infancy-and-early-

childhood/ 

Selye, H. (1950). The physiology and pathology of exposure to stress. (1951). 

Gastroenterology, 18(4), 639. https://doi.org/10.1016/s0016-5085(51)80143-4 



119 

 

 

Selye, H. (1950). Stress and the general adaptation syndrome. British Medical Journal. 

http://doi.org/10.1136/bmj.2.4672.215 

Selye, H. (1950). The general adaptation syndrome in its relationship to neurology, 

psychology, and psychopathology. New York, New York, USA. 

Selye, H. (1952). Allergy and the general adaptation syndrome. International Archives of 

Allergy and Immunology, 3(4), 267–278. http://doi.org/10.1159/000227975 

Selye, H. (1976). Forty years of stress research: principal remaining problems and 

misconceptions. Canadian Medical Association Journal, 115(1), 53–56. 

Shen, D., Moffat, S., Resnick, S. M., & Davatzikos, C. (2002). Measuring size and shape 

of the hippocampus in MR images using a deformable shape model. NeuroImage, 

15(2), 422–434. http://doi.org/10.1006/nimg.2001.0987 

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, medial prefrontal cortex, 

and hippocampal function in PTSD. Annals of the New York Academy of Sciences, 

1071, 67–79. http://doi.org/10.1196/annals.1364.007 

Sterne, J. A., & Egger, M. (2001). Funnel plots for detecting bias in meta-analysis. 

Journal of Clinical Epidemiology, 54(10), 1046–1055. 

https://doi.org/10.1016/S0895-4356(01)00377-8 

Szabo, S., Tache, Y., & Somogyi, A. (2012). The legacy of Hans Selye and the origins of 

stress research: A retrospective 75 years after his landmark brief “Letter” to the 

Editor # of Nature. Stress, 15(5), 472–478. 

http://doi.org/10.3109/10253890.2012.710919 

Szecsödy, I. (2007). Sándor ferenczi - the first intersubjectivist. Scandinavian 



120 

 

 

Psychoanalytic Review, 30(1), 31–41. 

http://doi.org/10.1080/01062301.2007.10592801 

Teicher, M. H., Andersen, S. L., Polcari, A., Anderson, C. M., Navalta, C. P., & Kim, D. 

M. (2003). The neurobiological consequences of early stress and childhood 

maltreatment. Neuroscience & Biobehavioral Reviews, 27(1–2), 33–44. 

http://doi.org/10.1016/S0149-7634(03)00007-1 

Teicher, M. H., Anderson, C. M., & Polcari, A. (2012). Childhood maltreatment is 

associated with reduced volume in the hippocampal subfields CA3, dentate gyrus, 

and subiculum. Proceedings of the National Academy of Sciences of the United 

States of America, 109(9), E563-72. http://doi.org/10.1073/pnas.1115396109 

The National Child Traumatic Stress Network. (2017). Types of Traumatic Stress. 

Retrieved from http://www.nctsn.org/ 

Tottenham, N., Hare, T. A., Quinn, B. T., McCarry, T. W., Nurse, M., Gilhooly, T., … 

Casey, B. J. (2010). Prolonged institutional rearing is associated with atypically 

large amygdala volume and difficulties in emotion regulation. Developmental 

Science, 13(1), 46–61. http://doi.org/10.1111/j.1467-7687.2009.00852.x 

Tupler, L., & De Bellis, M. (2006). Segmented hippocampal volume in children and 

adolescents with posttraumatic stress disorder. Biological Psychiatry, 59(6), 523–

9. http://doi.org/10.1016/j.biopsych.2005.08.007 

U.S. Census Bureau (2018). Population and Housing Estimates. Retrieved from 

https://www.census.gov/programs-surveys/popest.html 

Van der Kolk, B. (n/d). Biography. Retrieved from 



121 

 

 

https://www.besselvanderkolk.com/about/biography 

Van der Kolk, B. (2000). Posttraumatic stress disorder and the nature of trauma. 

Dialogues in Clinical Neuroscience, 2(1), 7–22. http://doi.org/10.1007/978-1-

4471-4225-6_2 

Van der Kolk, B. (1994). The body keeps the score: memory and the evolving 

psychobiology of posttraumatic stress. Harvard Review of Psychiatry, 1(5), 253–

265. http://doi.org/10.3109/10673229409017088 

Veer, I. M., Oei, N. Y., Buchem, M. A. V., Spinhoven, P., Elzinga, B. M., & Rombouts, 

S. A. (2015). Evidence for smaller right amygdala volumes in posttraumatic stress 

disorder following childhood trauma. Psychiatry Research: 

Neuroimaging, 233(3), 436–442. doi: 10.1016/j.pscychresns.2015.07.016 

http://doi.org/10.1016/j.pscychresns.2015.07.016 

Vervoort-Schel, J., Mercera, G., Wissink, I., Mink, E., van der Helm, P., Lindauer, R., & 

Moonen, X. (2018). Adverse childhood experiences in children with intellectual 

disabilities: An exploratory case-file study in dutch residential care. International 

Journal of Environmental Research and Public Health, 15(10). 

https://doi.org/10.3390/ijerph15102136 

Walsh, N. D., Dalgleish, T., Lombardo, M. V., Dunn, V. J., Van Harmelen, A. L., Ban, 

M., & Goodyer, I. M. (2014a). General and specific effects of early-life 

psychosocial adversities on adolescent grey matter volume. NeuroImage: 

Clinical, 4, 308–318. http://doi.org/10.1016/j.nicl.2014.01.001 

Wang, Y., Zhang, L., Kong, X., Hong, Y., Cheon, B., & Liu, J. (2016). Pathway to neural 



122 

 

 

resilience: Self-esteem buffers against deleterious effects of poverty on the 

hippocampus. Human Brain Mapping, 37(11), 3757–3766. 

http://doi.org/10.1002/hbm.23273 

Wang, Z., Neylan, T. C., Mueller, S. G., Lenoci, M., Truran, D., Marmar, C. R., … 

Schuff, N. (2010). Magnetic Resonance Imaging of Hippocampal Subfields in 

Posttraumatic Stress Disorder. Analysis. 

http://doi.org/10.1001/archgenpsychiatry.2009.205 

Webster, R. (2014). Freud, Charcot and hysteria: lost in the labyrinth. Retrieved from 

http://www.richardwebster.net/freudandcharcot.html 

Whittle, S., Simmons, J. G., Hendriksma, S., Vijayakumar, N., Byrne, M. L., Dennison, 

M., & Allen, N. B. (2017). Childhood maltreatment, psychopathology, and the 

development of hippocampal subregions during adolescence. Brain and Behavior, 

7(2), 1–9. http://doi.org/10.1002/brb3.607 

World Health Organization (2017). Child Maltreatment; WHO/NMH/NVI/16.6. 

Retrieved from https://www.who.int/mediacentre/infographic/violence-injury-

prevention/en/ 

Wible, C. (2013). Hippocampal Physiology, Structure and Function and the Neuroscience 

of Schizophrenia: A Unified Account of Declarative Memory Deficits, Working 

Memory Deficits and Schizophrenic Symptoms. Behavioral Sciences, 3(2), 298–

315. http://doi.org/10.3390/bs3020298 

Wiera, G., & Mozrzymas, J. W. (2015). Extracellular proteolysis in structural and 

functional plasticity of mossy fiber synapses in hippocampus. Frontiers in 



123 

 

 

Cellular Neuroscience, 9(November), 1–21. 

http://doi.org/10.3389/fncel.2015.00427 

Wisse, L. E. M., Gerritsen, L., Zwanenburg, J. J. M., Kuijf, H. J., Luijten, P. R., Biessels, 

G. J., & Geerlings, M. I. (2012a). Subfields of the hippocampal formation at 7 T 

MRI: in vivo volumetric assessment. NeuroImage, 61(4), 1043–9. 

http://doi.org/10.1016/j.neuroimage.2012.03.023 

Wood, R., Bassett, K., Foerster, Spry, C., & Tong, L. (2012a). 1.5 Tesla Magnetic 

Resonance Imaging Scanners Compared With 3.0 Tesla Magnetic Resonance 

Imaging Scanners: Systematic Review of Clinical Effectiveness. CADTH 

Technology Overviews, 2(2), e2201. Retrieved from 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3442613&tool=pmce

ntrez&rendertype=abstract 

Woon, F., & Hedges, D. W. (2011). Gender does not moderate hippocampal volume 

deficits in adults with posttraumatic stress disorder: A meta-analysis. 

Hippocampus, 21(3), 243–252. http://doi.org/10.1002/hipo.20746 

Wu, Z., Gao, Y., Shi, F., Ma, G., Jewells, V., & Shen, D. (2018). Segmenting 

hippocampal subfields from 3T MRI with multi-modality images. Medical Image 

Analysis, 43, 10–22. http://doi.org/10.1016/j.media.2017.09.006 

Yu, Q., Daugherty, A. M., Anderson, D. M., Nishimura, M., Brush, D., Hardwick, A., … 

Ofen, N. (2017). Socioeconomic status and hippocampal volume in children and 

young adults. Developmental Science, i(February), 1–11. 

http://doi.org/10.1111/desc.12561 



124 

 

 

Appendix: Excluded Studies 

Ahmed-Leitao, F., Spies, G., van den Heuvel, L., & Seedat, S. (2016). Hippocampal and 

amygdala volumes in adults with posttraumatic stress disorder secondary to childhood 

abuse or maltreatment: A systematic review. Psychiatry Research - Neuroimaging, 256, 

33–43. http://doi.org/10.1016/j.pscychresns.2016.09.00 

Astur, R. S., St. Germain, S. A., Tolin, D., Ford, J., Russell, D., & Stevens, M. (2006). 

Hippocampus Function Predicts Severity of Post-Traumatic Stress Disorder. 

CyberPsychology & Behavior, 9(2), 234–240. http://doi.org/10.1089/cpb.2006.9.234 

Aust, S., Alkan Härtwig, E., Koelsch, S., Heekeren, H. R., Heuser, I., & Bajbouj, M. 

(2014). How emotional abilities modulate the influence of early life stress on 

hippocampal functioning. Social Cognitive and Affective Neuroscience, 9(7), 1038–

1045. https://doi.org/10.1093/scan/nst078 

Baker, L. M., Williams, L. M., Korgaonkar, M. S., Cohen, R. A., Heaps, J. M., & Paul, 

R. H. (2013). Impact of early vs. late childhood early life stress on brain morphometrics. 

Brain Imaging and Behavior, 7(2), 196–203. http://doi.org/10.1007/s11682-012-9215-y 

Baldaçara, L., Jackowski, A. P., Schoedl, A., Pupo, M., Andreoli, S. B., Mello, M. F., … 

Bressan, R. a. (2011). Reduced cerebellar left hemisphere and vermal volume in adults 

with PTSD from a community sample. Journal of Psychiatric Research, 45(12), 1627–

1633. https://doi.org/10.1016/j.jpsychires.2011.07.013 

Baykara, B., Inal-Emiroglu, N., Karabay, N., Çakmakçi, H., Cevher, N., Şentürk Pilan, 

B., & Alşen, S. (2012). Increased hippocampal volumes in lithium treated adolescents 

with bipolar disorders: A structural MRI study. Journal of Affective Disorders, 138(3), 

433–439. http://doi.org/10.1016/j.jad.2011.12.047 

Behen, M. E., Muzik, O., Saporta, A. S. D., Wilson, B. J., Pai, D., Hua, J., & Chugani, H. 

T. (2009). Abnormal fronto-striatal connectivity in children with histories of early 

deprivation: A diffusion tensor imaging study. Brain Imaging and Behavior, 3(3), 292–

297. https://doi.org/10.1007/s11682-009-9071-6 

Betancourt, L. M., Avants, B., Farah, M. J., Brodsky, N. L., Wu, J., Ashtari, M., & Hurt, 

H. (2016). Effect of socioeconomic status (SES) disparity on neural development in 

female African-American infants at age 1 month. Developmental Science. 

http://doi.org/10.1111/desc.12344 

Bigler, E. D., Blatter, D. D., Anderson, C. V, Johnson, S. C., Gale, S. D., Hopkins, R. O., 

& Burnett, B. (1997). Hippocampal volume in normal aging and traumatic brain injury. 

AJNR. American Journal of Neuroradiology, 18(1), 11–23. 



125 

 

 

Bohbot, V. D., Iaria, G., & Petrides, M. (2004). Hippocampal function and spatial 

memory: evidence from functional neuroimaging in healthy participants and performance 

of patients with medial temporal lobe resections. Neuropsychology, 18(3), 418–425. 

http://doi.org/10.1037/0894-4105.18.3.418 

Bossini, L., Tavanti, M., Calossi, S., Lombardelli, A., Polizzotto, N. R., Galli, R., … 

Castrogiovanni, P. (2008). Magnetic resonance imaging volumes of the hippocampus in 

drug-naïve patients with post-traumatic stress disorder without comorbidity conditions. 

Journal of Psychiatric Research, 42(9), 752–762. 

http://doi.org/10.1016/j.jpsychires.2007.08.004 

Bremner, J. D., Randall, P., Scott, T. M., Bronen, R. a, Seibyl, J. P., Southwick, S. M., … 

Innis, R. B. (1995). MRI-based measurement of hippocampal volume in patients with 

combat-related posttraumatic stress disorder. The American Journal of Psychiatry, 

152(7), 973–981. 

Bremner, J. D., Randall, P., Vermetten, E., Staib, L., Bronen, R. A., Mazure, C., … 

Charney, D. S. (1997). Magnetic resonance imaging-based measurement of hippocampal 

volume in posttraumatic stress disorder related to childhood physical and sexual abuse--a 

preliminary report. Biological Psychiatry, 41(1), 23–32. http://doi.org/10.1016/S0006-

3223(96)00162-X 

Bremner, J. D., Vythilingam, M., Vermetten, E., Southwick, S. M., McGlashan, T., 

Nazeer, A., … Charney, D. S. (2003). MRI and PET study of deficits in hippocampal 

structure and function in women with childhood sexual abuse and posttraumatic stress 

disorder. The American Journal of Psychiatry, 160(5), 924–932. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/12727697 

Brewin, C.R., Kleiner, J.S., Vasterling , J.J. , & Field , A.P. (2007). Memory for 

emotionally neutral information in posttraumatic stress disorder: A meta-analytic 

investigation. Journal of Abnor- mal Psychology, 116 (3), 448 – 463. 

Brierley B, Shaw P, David AS (2002): The human amygdala: A systematic review and 

meta-analysis of volumetric magnetic resonance imaging. Brain Res Brain Res Rev 

39:84–105. 

Brown, N. C. (2014). Oxidative Stress in Bipolar Disorder: a Meta-analysis of Oxidative 

Stress Markers and an Investigation of the Hippocampus by Stress Markers and an 

Investigation of the Hippocampus. 

Buchheim, A., Erk, S., George, C., Kächele, H., Kircher, T., Martius, P., … Walter, H. 

(2008). Neural correlates of attachment trauma in borderline personality disorder: A 

functional magnetic resonance imaging study. Psychiatry Research - Neuroimaging, 

163(3), 223–235. http://doi.org/10.1016/j.pscychresns.2007.07.001 



126 

 

 

Buddeke, J., Kooistra, M., Zuithoff, N. P. A., Gerritsen, L., Biessels, G. J., van der Graaf, 

Y., … Visseren, F. L. J. (2017). Hippocampal volume and the course of depressive 

symptoms over eight years of follow-up. Acta Psychiatrica Scandinavica, 135(1), 78–86. 

http://doi.org/10.1111/acps.12662 

Burgess, N., Maguire, E. A., & O’Keefe, J. (2002). The human hippocampus and spatial 

and episodic memory. Neuron, 35(4), 625–641. http://doi.org/10.1016/S0896-

6273(02)00830-9 

Butterworth, P., Cherbuin, N., Sachdev, P., & Anstey, K. J. (2012). The association 

between financial hardship and amygdala and hippocampal volumes: Results from the 

PATH through life project. Social Cognitive and Affective Neuroscience, 7(5), 548–556. 

http://doi.org/10.1093/scan/nsr027 

Calem, M., Bromis, K., McGuire, P., Morgan, C., & Kempton, M. J. (2017). Meta-

analysis of associations between childhood adversity and hippocampus and amygdala 

volume in non-clinical and general population samples. NeuroImage: Clinical. 

http://doi.org/10.1016/j.nicl.2017.02.016 

Carabotti, M., Scirocco, A., Maselli, M. A., & Severi, C. (2015). The gut-brain axis: 

Interactions between enteric microbiota, central and enteric nervous systems. Annals of 

Gastroenterology, 28(2), 203–209. 

Carballedo, A., Lisiecka, D., Fagan, A., Saleh, K., Ferguson, Y., Connolly, G., … Frodl, 

T. (2012). Early life adversity is associated with brain changes in subjects at family risk 

for depression. The World Journal of Biological Psychiatry, 13(8), 569–578. 

http://doi.org/10.3109/15622975.2012.661079 

Carrion, V. G., Weems, C. F., Watson, C., Eliez, S., Menon, V., & Reiss, A. L. (2009). 

Converging evidence for abnormalities of the prefrontal cortex and evaluation of 

midsagittal structures in pediatric posttraumatic stress disorder: An MRI study. 

Psychiatry Research - Neuroimaging, 172(3), 226–234. 

http://doi.org/10.1016/j.pscychresns.2008.07.008 

Casey, B. J., Trainor, R. J., Orendi, J. L., Schubert, a B., Nystrom, L. E., Giedd, J. N., … 

Rapoport, J. L. (1997, November). A Developmental Functional MRI Study of Prefrontal 

Activation during Performance of a Go-No-Go Task. Journal of Cognitive Neuroscience. 

https://doi.org/10.1162/jocn.1997.9.6.835 

Chanen, A. M., Velakoulis, D., Carison, K., Gaunson, K., Wood, S. J., Yuen, H. P., … 

Pantelis, C. (2008). Orbitofrontal, amygdala and hippocampal volumes in teenagers with 

first-presentation borderline personality disorder. Psychiatry Research - Neuroimaging, 

163(2), 116–125. http://doi.org/10.1016/j.pscychresns.2007.08.007 



127 

 

 

Chanen, A. M., Velakoulis, D., Carison, K., Gaunson, K., Wood, S. J., Yuen, H. P., … 

Pantelis, C. (2008). Orbitofrontal, amygdala and hippocampal volumes in teenagers with 

first-presentation borderline personality disorder. Psychiatry Research - Neuroimaging, 

163(2), 116–125. http://doi.org/10.1016/j.pscychresns.2007.08.007 

Chao, L. L., Yaffe, K., Samuelson, K., & Neylan, T. C. (2014). Hippocampal volume is 

inversely related to PTSD duration. Psychiatry Research - Neuroimaging, 222(3), 119–

123. http://doi.org/10.1016/j.pscychresns.2014.03.005 

Cohen, R. a., Grieve, S., Hoth, K. F., Paul, R. H., Sweet, L., Tate, D., … Williams, L. M. 

(2006). Early Life Stress and Morphometry of the Adult Anterior Cingulate Cortex and 

Caudate Nuclei. Biological Psychiatry, 59, 975–982. 

http://doi.org/10.1016/j.biopsych.2005.12.016 

Conway, C. C., Slavich, G. M., & Hammen, C. (2014). Daily stress reactivity and 

serotonin transporter gene (5-HTTLPR) variation: Internalizing responses to everyday 

stress as a possible transdiagnostic phenotype. Biology of Mood and Anxiety Disorders, 

4(1), 1–9. http://doi.org/10.1186/2045-5380-4-2 

Cook, A., Spinazzola, J., Ford, J., Lanktree, C., Blaustein, M., Cloitre, M., … van der 

Kolk, B. (2005). Complex Trauma in Children and Adolescents. Psychiatric Annals, 

35(5), 390–398. http://doi.org/10.3928/00485713-20050501-05 

Coplan, J. D., Mathew, S. J., Abdallah, C. G., Mao, X., Kral, J. G., Smith, E. L. P., … 

Shungu, D. C. (2010). Early-life stress and neurometabolites of the hippocampus. Brain 

Research, 1358, 191–199. http://doi.org/10.1016/j.brainres.2010.08.021 

Dalvie, S., Stein, D. J., Koenen, K., Cardenas, V., Cuzen, N. L., Ramesar, R., … Brooks, 

S. J. (2014). The effect of the BDNF p. Val66Met polymorphism on differential brain 

volumes, early life adversity and alcohol abuse in adolescents. BMC Psychiatry, 14(1), 

328. http://doi.org/10.1186/s12888-014-0328-2 

Danese, A., Moffitt, T. E., Pariante, C. M., Ambler, A., Poulton, R., & Caspi, A. (2008). 

Elevated inflammation levels in depressed adults with a history of childhood 

maltreatment. Archives of General Psychiatry, 65(4), 409–415. 

https://doi.org/10.1001/archpsyc.65.4.409 

Dannlowski, U., Stuhrmann, A., Beutelmann, V., Zwanzger, P., Lenzen, T., Grotegerd, 

D., … Kugel, H. (2012). Limbic scars: long-term consequences of childhood 

maltreatment revealed by functional and structural magnetic resonance imaging. 

Biological Psychiatry, 71(4), 286–93. http://doi.org/10.1016/j.biopsych.2011.10.021 



128 

 

 

Daugherty, A. M., Bender, A. R., Raz, N., & Ofen, N. (2016). Age differences in 

hippocampal subfield volumes from childhood to late adulthood. Hippocampus, 26(2), 

220–228. https://doi.org/10.1002/hipo.22517 

De Brito, S. A., Viding, E., Sebastian, C. L., Kelly, P. A., Mechelli, A., Maris, H., & 

McCrory, E. J. (2013). Reduced orbitofrontal and temporal grey matter in a community 

sample of maltreated children. Journal of Child Psychology and Psychiatry and Allied 

Disciplines, 54(1), 105–112. http://doi.org/10.1111/j.1469-7610.2012.02597.x 

De Kloet, E. R., & Sarabdjitsingh, R. A. (2008). Everything has rhythm: Focus on 

glucocorticoid pulsatility. Endocrinology, 149(7), 3241–3243. 

http://doi.org/10.1210/en.2008-0471 

Durazzo, T. C., Meyerhoff, D. J., & Nixon, S. J. (2013). Interactive effects of chronic 

cigarette smoking and age on hippocampal volumes. Drug and Alcohol Dependence, 

133(2), 704–11. http://doi.org/10.1016/j.drugalcdep.2013.08.020 

Duval, E. R., Garfinkel, S. N., Swain, J. E., Evans, G. W., Blackburn, E. K., Angstadt, 

M., … Liberzon, I. (2017). Childhood poverty is associated with altered hippocampal 

function and visuospatial memory in adulthood. Developmental Cognitive Neuroscience. 

http://doi.org/10.1016/j.dcn.2016.11.006 

Edmiston, E. E., Wang, F., Mazure, C. M., Guiney, J., Sinha, R., Mayes, L. C., & 

Blumberg, H. P. (2011). Corticostriatal-limbic gray matter morphology in adolescents 

with self-reported exposure to childhood maltreatment. Archives of Pediatrics & 

Adolescent Medicine, 165(12), 1069–77. http://doi.org/10.1001/archpediatrics.2011.565 

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L., … 

Kramer, A. F. (2011). Exercise training increases size of hippocampus and improves 

memory. Proceedings of the National Academy of Sciences of the United States of 

America, 108(7), 3017–3022. http://doi.org/10.1073/pnas.1015950108 

Fallis, A. (2013). The Hippocampus as a Cognitive Map. Journal of Chemical 

Information and Modeling (Vol. 53). http://doi.org/10.1017/CBO9781107415324.004 

Fanselow, M. S., & Dong, H. W. (2010). Are the Dorsal and Ventral Hippocampus 

Functionally Distinct Structures? Neuron, 65(1), 7–19. 

http://doi.org/10.1016/j.neuron.2009.11.031 

Fink, G. (2011). Stress controversies: post-traumatic stress disorder, hippocampal 

volume, gastroduodenal ulceration*. Journal of Neuroendocrinology, 23(2), 107–17. 

http://doi.org/10.1111/j.1365-2826.2010.02089.x 



129 

 

 

Fornito, A. (2004). Individual Differences in Anterior Cingulate/Paracingulate 

Morphology Are Related to Executive Functions in Healthy Males. Cerebral Cortex, 

14(4), 424–431. http://doi.org/10.1093/cercor/bhh004 

Fonzo, G. a., Flagan, T. M., Sullivan, S., Allard, C. B., Grimes, E. M., Simmons, A. N., 

… Stein, M. B. (2013). Neural functional and structural correlates of childhood 

maltreatment in women with intimate-partner violence-related posttraumatic stress 

disorder. Psychiatry Research - Neuroimaging, 211(2), 93–103. 

http://doi.org/10.1016/j.pscychresns.2012.08.006 

Franke, H. (2014). Toxic Stress: Effects, Prevention and Treatment. Children, 1(3), 390–

402. http://doi.org/10.3390/children1030390 

Frodl, T., Jäger, M., Smajstrlova, I., Born, C., Bottlender, R., Palladino, T., … 

Meisenzahl, E. M. (2008). Effect of hippocampal and amygdala volumes on clinical 

outcomes in major depression: a 3-year prospective magnetic resonance imaging study. J 

Psychiatry Neurosci, 33(5), 423–430. http://doi.org/10.1016/j.biopsycho.2015.03.007 

Fredrikson, M., & Furmark, T. (2003). Amygdaloid regional cerebral blood flow and 

subjective fear during symptom provocation in anxiety disorders. Annals of the New 

York Academy of …, 5, 1–7. Retrieved from 

http://onlinelibrary.wiley.com/doi/10.1111/j.1749-6632.2003.tb07092.x/ful 

Frodl, T., & O’Keane, V. (2013). How does the brain deal with cumulative stress? A 

review with focus on developmental stress, HPA axis function and hippocampal structure 

in humans. Neurobiology of Disease (Vol. 52). Elsevier B.V. 

http://doi.org/10.1016/j.nbd.2012.03.012 

Frodl, T., Reinhold, E., Koutsouleris, N., Reiser, M., & Meisenzahl, E. M. (2010). 

Interaction of childhood stress with hippocampus and prefrontal cortex volume reduction 

in major depression. Journal of Psychiatric Research, 44(13), 799–807. 

http://doi.org/10.1016/j.jpsychires.2010.01.006 

Frodl, T., Schaub, A., Banac, S., Charypar, M., Jäger, M., Kümmler, P., … Meisenzahl, 

E. M. (2006). Reduced hippocampal volume correlates with executive dysfunctioning in 

major depression. Journal of Psychiatry and Neuroscience, 31(5), 316–325. 

Ganguly, P., & Brenhouse, H. C. (2014). Broken or maladaptive? Altered trajectories in 

neuroinflammation and behavior after early life adversity. Developmental Cognitive 

Neuroscience. http://doi.org/10.1016/j.dcn.2014.07.001 

Garcı, M., Keller, S. S., & Wieshmann, U. C. (2006). Degree of Hippocampal Atrophy Is 

Related to Side of Seizure Onset in Temporal Lobe Epilepsy, (May). 



130 

 

 

Gilbert, R., Widom, C. S., Browne, K., Fergusson, D., Webb, E., & Janson, S. (2009). 

Burden and consequences of child maltreatment in high-income countries. Lancet, 

373(9657), 68–81. http://doi.org/10.1016/S0140-6736(08)61706-7 

Gilbertson, M. W., Shenton, M. E., Ciszewski, A., Kasai, K., Lasko, N. B., Orr, S. P., & 

Pitman, R. K. (2002). Smaller hippocampal volume predicts pathologic vulnerability to 

psychological trauma. Nature Neuroscience, 5(11), 1242–1247. 

http://doi.org/10.1038/nn958 

Gold, J. J., & Trauner, D. a. (2014). Hippocampal volume and memory performance in 

children with perinatal stroke. Pediatric Neurology, 50(1), 18–25. 

http://doi.org/10.1016/j.pediatrneurol.2013.08.029 

Goldman, N., Glei, D. A., Lin, Y.-H., & Weinstein, M. (2011). Variation and Links with 

Depressive Symptoms. Depress Anxiety, 27(3), 260–269. 

http://doi.org/10.1002/da.20660 

Gross, C. M., Flubacher, A., Tinnes, S., Heyer, A., Scheller, M., Herpfer, I., … Haas, C. 

a. (2012). Early life stress stimulates hippocampal reelin gene expression in a sex-specific 

manner: evidence for corticosterone-mediated action. Hippocampus, 22(3), 409–20. 

http://doi.org/10.1002/hipo.20907 

Haas, B. W., Garrett, A., Song, S., Reiss, A. L., Carrio, V. G., & Carrión, V. G. (2010). 

Reduced hippocampal activity in youth with posttraumatic stress symptoms: an FMRI 

study. Journal of Pediatric Psychology, 35(5), 559–69. 

http://doi.org/10.1093/jpepsy/jsp112 

Haj-Yahia, M. M., & de Zoysa, P. (2008). Rates and psychological effects of exposure to 

family violence among Sri Lankan university students. Child Abuse & Neglect, 32(10), 

994–1002. http://doi.org/10.1016/j.chiabu.2008.05.001 

Hanson, J. L., Chung, M. K., Avants, B. B., Shirtcliff, E. a, Gee, J. C., Davidson, R. J., & 

Pollak, S. D. (2010). Early stress is associated with alterations in the orbitofrontal cortex: 

a tensor-based morphometry investigation of brain structure and behavioral risk. The 

Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 30(22), 

7466–7472. https://doi.org/10.1523/JNEUROSCI.0859-10.2010 

Hanson, J. L., Chung, M. K., Avants, B. B., Rudolph, K. D., Shirtcliff, E. a, Gee, J. C., … 

Pollak, S. D. (2012). Structural variations in prefrontal cortex mediate the relationship 

between early childhood stress and spatial working memory. The Journal of 

Neuroscience: The Official Journal of the Society for Neuroscience, 32(23), 7917–7925. 

https://doi.org/10.1523/JNEUROSCI.0307-12.2012 



131 

 

 

Hanson, J. L., Nacewicz, B. M., Sutterer, M. J., Cayo, A. A., Schaefer, S. M., Rudolph, 

K. D., … Davidson, R. J. (2015). Behavioral problems after early life stress: 

Contributions of the hippocampus and amygdala. Biological Psychiatry, 77(4), 314–323. 

http://doi.org/10.1016/j.biopsych.2014.04.020 

Hasboun, D., Chantôme, M., Zouaoui, A., Sahel, M., Deladoeuille, M., Sourour, N., … 

Dormont, D. (1996). MR determination of hippocampal volume: Comparison of three 

methods. American Journal of Neuroradiology, 17(6), 1091–1098. 

Hasboun, D., Chantôme, M., Zouaoui, A., Sahel, M., Deladoeuille, M., Sourour, N., … 

Dormont, D. (1996). MR determination of hippocampal volume: Comparison of three 

methods. American Journal of Neuroradiology, 17(6), 1091–1098. 

Hedges, D. W., & Woon, F. L. (2010). Alcohol use and hippocampal volume deficits in 

adults with posttraumatic stress disorder: A meta-analysis. Biological Psychology, 84(2), 

163–8. http://doi.org/10.1016/j.biopsycho.2010.03.002 

Heim, C., Ph, D., Newport, J., Miller, A. H., Anderson, E., Bronen, R., … Bremner, J. D. 

(2002). Volume in Women with Major Depression. Hippocampus, i(December), 2072–

2080. 

Hernaus, D., Van Winkel, R., Gronenschild, E., Habets, P., Kenis, G., Marcelis, M., … 

Collip, D. (2014). Brain-derived neurotrophic factor/FK506-binding protein 5 genotypes 

by childhood trauma interactions do not impact on hippocampal volume and cognitive 

performance. PLoS ONE, 9(3). http://doi.org/10.1371/journal.pone.0092722 

Holzel, B. K., Carmody, J., Vangel, M., Cogleton, C., Yerramsetti, T. G., & Lazar, S. W. 

(2011). Mindfulness practice leads to increase in regional brain gray matter density. 

Psychiatry Res., 191(1), 36–43. 

http://doi.org/10.1016/j.pscychresns.2010.08.006.Mindfulness 

Holt, S., Buckley, H., & Whelan, S. (2008). The impact of exposure to domestic violence 

on children and young people: a review of the literature. Child Abuse & Neglect, 32(8), 

797–810. http://doi.org/10.1016/j.chiabu.2008.02.004 

Hoy, K., Barrett, S., Shannon, C., Campbell, C., Watson, D., Rushe, T., … Mulholland, 

C. (2012). Childhood trauma and hippocampal and amygdalar volumes in first-episode 

psychosis. Schizophrenia Bulletin, 38(6), 1162–1169. 

http://doi.org/10.1093/schbul/sbr085 

Jackowski, A., Perera, T. D., Abdallah, C. G., Garrido, G., Tang, C. Y., Martinez, J., … 

Kaufman, J. (2011). Early-life stress, corpus callosum development, hippocampal 

volumetrics, and anxious behavior in male nonhuman primates. Psychiatry Research, 

192(1), 37–44. http://doi.org/10.1016/j.pscychresns.2010.11.006 



132 

 

 

Jatzko, a, Rothenhöfer, S., Schmitt, a, Gaser, C., Demirakca, T., Weber-Fahr, W., … 

Braus, D. F. (2006). Hippocampal volume in chronic posttraumatic stress disorder 

(PTSD): MRI study using two different evaluation methods. Journal of Affective 

Disorders, 94(1–3), 121–6. http://doi.org/10.1016/j.jad.2006.03.010 

Joffe, R. T., Gatt, J. M., Kemp, A. H., Grieve, S., Dobson-Stone, C., Kuan, S. a, … 

Williams, L. M. (2009). Brain derived neurotrophic factor Val66Met polymorphism, the 

five-factor model of personality and hippocampal volume: Implications for depressive 

illness. Human Brain Mapping, 30(4), 1246–56. http://doi.org/10.1002/hbm.20592 

Jonas, P., & Lisman, J. (2014). Structure, function, and plasticity of hippocampal dentate 

gyrus microcircuits. Frontiers in Neural Circuits, 8(September), 2013–2014. 

http://doi.org/10.3389/fncir.2014.00107 

Kaffman, A. (2015). Commentary; Early-life stress restricts the capacity of adult 

progenitor cells to differentiate into neurons. Biological Psychiatry, 77(4), 307–309. 

http://doi.org/10.1016/j.biopsych.2014.11.008 

Kalman, E., & Keay, K. A. (2014). Different patterns of morphological changes in the 

hippocampus and dentate gyrus accompany the differential expression of disability 

following nerve injury. Journal of Anatomy, 225(6), 591–603. 

http://doi.org/10.1111/joa.12238 

Karg K, Burmeister M, Shedden K, Sen S (2011). The serotonin transporter promoter 

variant (5-HTTLPR), stress, and depressionn meta-analysis revisited. Evidence of genetic 

moderation. Arch Gen Psychiatry 68: 444–454. 

Karl, A., Schaefer, M., Malta, L.S., Dorfel , D. , Rohleder , N. , & Werner , A . (2006). A 

meta-analysis of structural brain abnormalities in PTSD. Neuroscience and Biobehavior 

Review, 30 (7), 1004 – 031. 

Kaur, H. (2014). Posttraumatic stress disorder in maltreated multiracial youth 

[dissertation]. University of Nevada, Las Vegas, 2014. 211 Pp., 211. 

http://doi.org/10.1177/0886260504269097 

Kitayama, N., Vaccarino, V., Kutner, M., Weiss, P., & Bremner, J. D. (2005). Magnetic 

resonance imaging (MRI) measurement of hippocampal volume in posttraumatic stress 

disorder: a meta-analysis. Journal of Affective Disorders, 88(1), 79–86. 

http://doi.org/10.1016/j.jad.2005.05.014 

Koolschijn, P. C. M. P., van IJzendoorn, M. H., Bakermans-Kranenburg, M. J., & Crone, 

E. A. (2013). Hippocampal volume and internalizing behavior problems in adolescence. 

European Neuropsychopharmacology, 23(7), 622–628. 

http://doi.org/10.1016/j.euroneuro.2012.07.001 



133 

 

 

Kreisel, S. H., Labudda, K., Kurlandchikov, O., Beblo, T., Mertens, M., Thomas, C., … 

Driessen, M. (2015). Volume of hippocampal substructures in borderline personality 

disorder. Psychiatry Research - Neuroimaging, 231(3), 218–226. 

http://doi.org/10.1016/j.pscychresns.2014.11.010 

Krogsrud, S. K., Tamnes, C. K., Fjell, A. M., Amlien, I., Grydeland, H., Sulutvedt, U., … 

Walhovd, K. B. (2014). Development of hippocampal subfield volumes from 4 to 22 

years. Human Brain Mapping, 35(11), 5646–5657. https://doi.org/10.1002/hbm.22576 

Kubarych, T. S., Prom-Wormley, E. C., Franz, C. E., Panizzon, M. S., Dale, A. M., 

Fischl, B., … Kremen, W. S. (2012). A multivariate twin study of hippocampal volume, 

self-esteem and well-being in middle-aged men. Genes, Brain and Behavior, 11(5), 539–

544. http://doi.org/10.1111/j.1601-183X.2012.00789.x 

Kühn, S., & Gallinat, J. (2013). Gray matter correlates of posttraumatic stress disorder: a 

quantitative meta-analysis. Biological Psychiatry, 73(1), 70–4. 

http://doi.org/10.1016/j.biopsych.2012.06.029 

Lawson, G. M., Camins, J. S., Wisse, L., Wu, J., Duda, J. T., Cook, P. A., … Farah, M. J. 

(2017). Childhood socioeconomic status and childhood maltreatment: Distinct 

associations with brain structure. PLoS ONE, 12(4), 1–16. 

http://doi.org/10.1371/journal.pone.0175690 

Lenroot, R. K., & Giedd, J. N. (2010). Sex differences in the adolescent brain. Brain and 

Cognition, 72(1), 46–55. http://doi.org/10.1016/j.bandc.2009.10.008 

Lenze, S. N., Xiong, C., & Sheline, Y. I. (2008). Childhood adversity predicts earlier 

onset of major depression but not reduced hippocampal volume. Psychiatry Research - 

Neuroimaging, 162(1), 39–49. http://doi.org/10.1016/j.pscychresns.2007.04.004 

Levone, B. R., Cryan, J. F., & O’Leary, O. F. (2015). Role of adult hippocampal 

neurogenesis in stress resilience. Neurobiology of Stress, 1, 147–155. 

http://doi.org/10.1016/j.ynstr.2014.11.003 

Levy-Gigi, E., Szabó, C., Kelemen, O., & Kéri, S. (2013). Association among clinical 

response, hippocampal volume, and FKBP5 gene expression in individuals with 

posttraumatic stress disorder receiving cognitive behavioral therapy. Biological 

Psychiatry, 74(11), 793–800. http://doi.org/10.1016/j.biopsych.2013.05.017 

Lin, M., Fwu, P. T., Buss, C., Davis, E. P., Head, K., Muftuler, L. T., … Su, M.-Y. 

(2013). Developmental changes in hippocampal shape among preadolescent children. 

International Journal of Developmental Neuroscience: The Official Journal of the 

International Society for Developmental Neuroscience, 31(7), 473–81. 

http://doi.org/10.1016/j.ijdevneu.2013.06.001 



134 

 

 

Lindgren, L., Bergdahl, J., & Nyberg, L. (2016). Longitudinal Evidence for Smaller 

Hippocampus Volume as a Vulnerability Factor for Perceived Stress. Cerebral Cortex, 

26(8), 3527–3533. http://doi.org/10.1093/cercor/bhw154 

Lucassen, P. J., Lesuis, S. L., Weggen, S., Baches, S., & Krugers, H. J. (2017). Early Life 

Stress Accelerates Amyloid Pathology and Cognitive Decline in Appswe/Ps1De9 Mice 

But Can Be Rescued By Briefly Blocking Glucocorticoid Receptors At Middle Age. 

Alzheimer’s & Dementia, 13(7), P1479. http://doi.org/10.1016/j.jalz.2017.07.555 

Lupien, S. J., Parent, S., Evans, A. C., Tremblay, R. E., Zelazo, P. D., Corbo, V., … 

Seguin, J. R. (2011). Larger amygdala but no change in hippocampal volume in 10-year-

old children exposed to maternal depressive symptomatology since birth. Proceedings of 

the National Academy of Sciences, 108(34), 14324–14329. 

http://doi.org/10.1073/pnas.1105371108 

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress 

throughout the lifespan on the brain, behaviour and cognition. Nature Reviews. 

Neuroscience, 10(6), 434–45. http://doi.org/10.1038/nrn2639 

Lyons, D. M., Parker, K. J., Zeitzer, J. M., Buckmaster, C. L., & Schatzberg, A. F. 

(2007). Preliminary Evidence That Hippocampal Volumes in Monkeys Predict Stress 

Levels of Adrenocorticotropic Hormone. Biological Psychiatry, 62(10), 1171–1174. 

http://doi.org/10.1016/j.biopsych.2007.03.012 

Malykhin, N. V, Carter, R., Hegadoren, K. M., Seres, P., & Coupland, N. J. (2012). 

Fronto-limbic volumetric changes in major depressive disorder. Journal of Affective 

Disorders, 136(3), 1104–13. http://doi.org/10.1016/j.jad.2011.10.038 

Martin, S. B. (2009). Exploring new relationships between hippocampus volume and 

behavior and cognition. UMI. University of Kentucky.  

McClelland, S., Korosi, A., Cope, J., Ivy, A., & Baram, T. Z. (2011). Emerging roles of 

epigenetic mechanisms in the enduring effects of early-life stress and experience on 

learning and memory. Neurobiology of Learning and Memory, 96(1), 79–88. 

https://doi.org/10.1016/j.nlm.2011.02.008 

McCrory, E., De Brito, S. a, & Viding, E. (2011). The impact of childhood maltreatment: 

a review of neurobiological and genetic factors. Frontiers in Psychiatry / Frontiers 

Research Foundation, 2(July), 48. http://doi.org/10.3389/fpsyt.2011.00048 

McEwen, B. S., & Milner, T. A. (2007). Hippocampal formation: Shedding light on the 

influence of sex and stress on the brain. Brain Research Reviews, 55(2 SPEC. ISS.), 343–

355. http://doi.org/10.1016/j.brainresrev.2007.02.006 



135 

 

 

Miskovic, V., Schmidt, L. a, Georgiades, K., Boyle, M., & Macmillan, H. L. (2010). 

Adolescent females exposed to child maltreatment exhibit atypical EEG coherence and 

psychiatric impairment: linking early adversity, the brain, and psychopathology. 

Development and Psychopathology, 22(2), 419–32. 

http://doi.org/10.1017/S0954579410000155 

Molendijk, M. L., van Tol, M.-J., Penninx, B. W. J. H., van der Wee, N. J. A., Aleman, 

A., Veltman, D. J., … Elzinga, B. M. (2012). BDNF val66met affects hippocampal 

volume and emotion-related hippocampal memory activity. Translational Psychiatry, 

2(1), e74. http://doi.org/10.1038/tp.2011.72 

Morandotti, N., Dima, D., Jogia, J., Frangou, S., Sala, M., Vidovich, G. Z. De, … 

Brambilla, P. (2013). Childhood abuse is associated with structural impairment in the 

ventrolateral prefrontal cortex and aggressiveness in patients with borderline personality 

disorder. Psychiatry Research, 213(1), 18–23. 

http://doi.org/10.1016/j.pscychresns.2013.02.002 

Morelli, S. A., Rameson, L. T., & Lieberman, M. D. (2014). The neural components of 

empathy: Predicting daily prosocial behavior. Social Cognitive and Affective 

Neuroscience, 9(1), 39–47. http://doi.org/10.1093/scan/nss088 

Morey, R., Gold, A. L., LaBar, K. S., Beall, S. K., Brown, V. M., Haswell, C. C., … 

McCarthy, G. (2012). Amygdala volume changes in posttraumatic stress disorder in a 

large case-controlled veterans’ group. Archives of General Psychiatry, 69(11), 1169–78. 

http://doi.org/10.1001/archgenpsychiatry.2012.50 

Mueller, S. C., Maheu, F. S., Dozier, M., Peloso, E., Mandell, D., Leibenluft, E., … 

Ernst, M. (2010). Early-life stress is associated with impairment in cognitive control in 

adolescence: an fMRI study. Neuropsychologia, 48(10), 3037–44. 

http://doi.org/10.1016/j.neuropsychologia.2010.06.013 

Nagel, B. J., Palmer, S. L., Reddick, W. E., Glass, J. O., Helton, K. J., Wu, S., … 

Mulhern, R. K. (2004). Abnormal hippocampal development in children with 

medulloblastoma treated with risk-adapted irradiation. American Journal of 

Neuroradiology, 25(October), 1575–1582. http://doi.org/25/9/1575 [pii] 

Nemeroff, C. B. (2016). Paradise Lost: The Neurobiological and Clinical Consequences 

of Child Abuse and Neglect. Neuron, 89(5), 892–909. 

http://doi.org/10.1016/j.neuron.2016.01.019 

O’Doherty, D. C. M., Chitty, K. M., Saddiqui, S., Bennett, M. R., & Lagopoulos, J. 

(2015). A systematic review and meta-analysis of magnetic resonance imaging 

measurement of structural volumes in posttraumatic stress disorder. Psychiatry Research 

- Neuroimaging, 232(1), 1–33. http://doi.org/10.1016/j.pscychresns.2015.01.002  



136 

 

 

O’Mahony, S. M., Marchesi, J. R., Scully, P., Codling, C., Ceolho, A.-M., Quigley, E. M. 

M., … Dinan, T. G. (2009). Early life stress alters behavior, immunity, and microbiota in 

rats: implications for irritable bowel syndrome and psychiatric illnesses. Biological 

Psychiatry, 65(3), 263–267. https://doi.org/10.1016/j.biopsych.2008.06.026 

O’Neill, A., D’Souza, A., Carballedo, A., Joseph, S., Kerskens, C., & Frodl, T. (2013). 

Magnetic resonance imaging in patients with borderline personality disorder: a study of 

volumetric abnormalities. Psychiatry Research, 213(1), 1–10. 

http://doi.org/10.1016/j.pscychresns.2013.02.006 

Oomen, C. a, Soeters, H., Audureau, N., Vermunt, L., van Hasselt, F. N., Manders, E. M. 

M., … Krugers, H. (2010). Severe early life stress hampers spatial learning and 

neurogenesis, but improves hippocampal synaptic plasticity and emotional learning under 

high-stress conditions in adulthood. The Journal of Neuroscience: The Official Journal of 

the Society for Neuroscience, 30(19), 6635–6645. 

https://doi.org/10.1523/JNEUROSCI.0247-10.2010 

Opel, N., Redlich, R., Zwanzger, P., Grotegerd, D., Arolt, V., Heindel, W., … 

Dannlowski, U. (2014). Hippocampal Atrophy in Major Depression: a Function of 

Childhood Maltreatment Rather than Diagnosis? Neuropsychopharmacology, 39(12), 

2723–2731. http://doi.org/10.1038/npp.2014.145 

Paquola, C., Bennett, M. R., & Lagopoulos, J. (2016). Understanding heterogeneity in 

grey matter research of adults with childhood maltreatment—A meta-analysis and 

review. Neuroscience and Biobehavioral Reviews. 

http://doi.org/10.1016/j.neubiorev.2016.08.011 

Paquola, C., Bennett, M. R., Hatton, S. N., Hermens, D. F., Groote, I., & Lagopoulos, J. 

(2017). Hippocampal development in youth with a history of childhood maltreatment. 

Journal of Psychiatric Research, 91, 149–155. 

https://doi.org/10.1016/j.jpsychires.2017.03.019 

Pavić, L., Gregurek, R., Radoš, M., Brkljačić, B., Brajković, L., Šimetin-Pavić, I., … 

Kalousek, V. (2007). Smaller right hippocampus in war veterans with posttraumatic 

stress disorder. Psychiatry Research - Neuroimaging, 154(2), 191–198. 

http://doi.org/10.1016/j.pscychresns.2006.08.005 

Pederson, C. L., Maurer, S. H., Kaminski, P. L., Zander, K. A., Peters, C. M., Stokes-

Crowe, L. A., & Osborn, R. E. (2004). Hippocampal volume and memory performance in 

a community-based sample of women with Posttraumatic Stress Disorder secondary to 

child abuse. Journal Trauma Stress, 17(1), 37–40. 

http://doi.org/10.1023/B:JOTS.0000014674.84517.46 



137 

 

 

Peng, B., Wu, L., Zhang, L., & Chen, Y. (2014). The relationship between hippocampal 

volumes and nonverbal memory in patients with medial temporal lobe epilepsy. Epilepsy 

Research, 108(10), 1839–44. http://doi.org/10.1016/j.eplepsyres.2014.09.007 

Philip, N. S., Sweet, L. H., Tyrka, A. R., Price, L. H., Bloom, R. F., & Carpenter, L. L. 

(2013). Decreased default network connectivity is associated with early life stress in 

medication-free healthy adults. European Neuropsychopharmacology, 23(1), 24–32. 

http://doi.org/10.1016/j.euroneuro.2012.10.008 

Philip, N. S., Valentine, T. R., Sweet, L. H., Tyrka, A. R., Price, L. H., & Carpenter, L. L. 

(2014). Early life stress impacts dorsolateral prefrontal cortex functional connectivity in 

healthy adults: Informing future studies of antidepressant treatments. Journal of 

Psychiatric Research, 52, 63–69. http://doi.org/10.1016/j.jpsychires.2014.01.014 

Pinter, J. D., Brown, W. E., Eliez, S., Schmitt, J. E., Capone, G. T., & Reiss, A. L. 

(2001). Amygdala and hippocampal volumes in children with Down syndrome: a high-

resolution MRI study. Neurology, 56, 972–974. http://doi.org/10.1212/WNL.56.7.972 

Posner, J., Siciliano, F., Wang, Z., Liu, J., Sonuga-barke, E., & Greenhill, L. (2014). 

Psychiatry Research: Neuroimaging A multimodal MRI study of the hippocampus in 

medication-naive children with ADHD: What connects ADHD and depression? 

Psychiatry Research: Neuroimaging, 224(2), 112–118. 

http://doi.org/10.1016/j.pscychresns.2014.08.006 

Poulos, A. M., Reger, M., Mehta, N., Zhuravka, I., Sterlace, S. S., Gannam, C., … 

Fanselow, M. S. (2014). Amnesia for early life stress does not preclude the adult 

development of posttraumatic stress disorder symptoms in rats. Biological Psychiatry, 

76(4), 306–314. https://doi.org/10.1016/j.biopsych.2013.10.007 

Qin, S., Young, C. B., Duan, X., Chen, T., Supekar, K., & Menon, V. (2013). Amygdala 

Subregional Structure and Intrinsic Functional Connectivity Predicts Individual 

Differences in Anxiety During Early Childhood. Biological Psychiatry, 1–9. 

https://doi.org/10.1016/j.biopsych.2013.10.006 

Rabl, U., Meyer, B. M., Diers, K., Bartova, L., Berger, A., Mandorfer, D., … Pezawas, L. 

(2014). Additive Gene-Environment Effects on Hippocampal Structure in Healthy 

Humans. Journal of Neuroscience, 34(30), 9917–9926. 

http://doi.org/10.1523/JNEUROSCI.3113-13.2014 

Rauch, S. L., Whalen, P. J., Shin, L. M., McInerney, S. C., Macklin, M. L., Lasko, N. B., 

… Pitman, R. K. (2000). Exaggerated amygdala response to masked facial stimuli in 

posttraumatic stress disorder: a functional MRI study. Biological Psychiatry, 47(9), 769–

776. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/10812035 



138 

 

 

Riem, M. M. E., Alink, L. R. A., Out, D., Van Ijzendoorn, M. H., & Bakermans-

Kranenburg, M. J. (2015). Beating the brain about abuse: Empirical and meta-analytic 

studies of the association between maltreatment and hippocampal volume across 

childhood and adolescence. Development and Psychopathology, 27(2), 507–520. 

http://doi.org/10.1017/S0954579415000127 

Ritchie, K., Jaussent, I., Portet, F., Courtet, P., Malafosse, A., Maller, J., … Ancelin, M. 

L. (2012). Depression in elderly persons subject to childhood maltreatment is not 

modulated by corpus callosum and hippocampal loss. Journal of Affective Disorders, 

141, 294–299. http://doi.org/10.1016/j.jad.2012.03.035 

Sala, M., Perez, J., Soloff, P., Ucelli Di Nemi, S., Caverzasi, E., Soares, J. C., & 

Brambilla, P. (2004). Stress and hippocampal abnormalities in psychiatric disorders. 

European Neuropsychopharmacology, 14(5), 393–405. 

http://doi.org/10.1016/j.euroneuro.2003.12.005 

Saleh, A., Potter, G. G., McQuoid, D. R., Boyd, B., Turner, R., MacFall, J. R., & Taylor, 

W. D. (2016). Effects of early life stress on depression, cognitive performance and brain 

morphology. Psychological Medicine, 1–11. http://doi.org/10.1017/S0033291716002403 

Samplin, E., Ikuta, T., Malhotra, A. K., Szeszko, P. R., & DeRosse, P. (2013). Sex 

differences in resilience to childhood maltreatment: Effects of trauma history on 

hippocampal volume, general cognition and subclinical psychosis in healthy adults. 

Journal of Psychiatric Research, 47(9), 1174–1179. 

http://doi.org/10.1016/j.jpsychires.2013.05.008 

Santyr, B. G., Goubran, M., Lau, J. C., Kwan, B. Y. M., Salehi, F., Lee, D. H., … Khan, 

A. R. (2017). Investigation of hippocampal substructures in focal temporal lobe epilepsy 

with and without hippocampal sclerosis at 7T. Journal of Magnetic Resonance Imaging, 

45(5), 1359–1370. http://doi.org/10.1002/jmri.25447 

Sheikh, H. I., Joanisse, M. F., Mackrell, S. M., Kryski, K. R., Smith, H. J., Singh, S. M., 

& Hayden, E. P. (2014). Links between white matter microstructure and cortisol 

reactivity to stress in early childhood: Evidence for moderation by parenting. 

NeuroImage. Clinical, 6, 77–85. http://doi.org/10.1016/j.nicl.2014.08.013 

Schlichting, M. L., Zeithamova, D., & Preston, A. R. (2014). CA1 Subfield Contributions 

to Memory Integration and Inference. Hippocampus, 24(10), 1248–1260. 

http://doi.org/10.1002/hipo.22310 

Schmahl, C. G., Vermetten, E., Elzinga, B. M., & Douglas Bremner, J. (2003). Magnetic 

resonance imaging of hippocampal and amygdala volume in women with childhood 

abuse and borderline personality disorder. Psychiatry Research: Neuroimaging, 122(3), 

193–198. http://doi.org/10.1016/S0925-4927(03)00023-4 



139 

 

 

Schwartz, C. E., Kunwar, P. S., Hirshfeld-Becker, D. R., Henin, A., Vangel, M. G., 

Rauch, S. L., … Rosenbaum, J. F. (2015). Behavioral inhibition in childhood predicts 

smaller hippocampal volume in adolescent offspring of parents with panic disorder. 

Translational Psychiatry, 5(7), e605. http://doi.org/10.1038/tp.2015.95 

Shin, L. M., Shin, P. S., Heckers, S., Krangel, T. S., Macklin, M. L., Orr, S. P., … Rauch, 

S. L. (2004). Hippocampal function in posttraumatic stress disorder. Hippocampus, 14(3), 

292–300. http://doi.org/10.1002/hipo.10183 

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, medial prefrontal cortex, 

and hippocampal function in PTSD. Annals of the New York Academy of Sciences, 

1071, 67–79. http://doi.org/10.1196/annals.1364.007 

Shin, L., & McNally, R. (1999). Regional cerebral blood flow during script-driven 

imagery in childhood sexual abuse-related PTSD: a PET investigation. American Journal 

of …, (April), 575–584. Retrieved from 

http://journals.psychiatryonline.org/article.aspx?articleid=173368 

Stefanits, H., Springer, E., Pataraia, E., Baumgartner, C., Hainfellner, J. A., Prayer, D., … 

Trattnig, S. (2017). Seven-Tesla MRI of Hippocampal Sclerosis: An in Vivo Feasibility 

Study with Histological Correlations. Investigative Radiology, 52(11), 666–671. 

http://doi.org/10.1097/RLI.0000000000000388 

Stress, P. M. P., Bellis, M. D. De, Hall, J., Boring, A. M., Frustaci, K., & Moritz, G. 

(2001). BRIEF REPORT A Pilot Longitudinal Study of Hippocampal Volumes in 

Disorder, 3223(1). 

Suzuki, H., Luby, J. L., Botteron, K. N., Dietrich, R., McAvoy, M. P., & Barch, D. M. 

(2014). Early life stress and trauma and enhanced limbic activation to emotionally 

valenced faces in depressed and healthy children. Journal of the American Academy of 

Child and Adolescent Psychiatry, 53(7), 800-13. e10. 

https://doi.org/10.1016/j.jaac.2014.04.013 

SWENSON, R. S. (2006). Review of Clinical and Functional Neuroscience, chapter 9. 

Educational Review Manual in Neurology, 1–5. Retrieved from 

https://www.dartmouth.edu/~rswenson/NeuroSci/ 

Teicher, M. H., Dumont, N. L., Ito, Y., Vaituzis, C., Giedd, J. N., & Andersen, S. L. 

(2004). Childhood neglect is associated with reduced corpus callosum area. Biological 

Psychiatry, 56(Cc), 80–85. http://doi.org/10.1016/j.biopsych.2004.03.016 

Treadway, M. T., Grant, M. M., Ding, Z., Hollon, S. D., Gore, J. C., & Shelton, R. C. 

(2009). Early adverse events, HPA activity and rostral anterior cingulate volume in 

MDD. PLoS ONE, 4(3). http://doi.org/10.1371/journal.pone.0004887 



140 

 

 

Uher, R., & McGuffin, P. (2008). The moderation by the serotonin transporter gene of 

environmental adversity in the aetiology of mental illness: review and methodological 

analysis. Molecular Psychiatry, 13(2), 131–146. http://doi.org/10.1038/sj.mp.4002067 

Van Boven, R. W., Harrington, G. S., Hackney, D. B., Ebel, A., Gauger, G., Bremner, J. 

D., … Schuff, N. (2009). Advances in neuroimaging of traumatic brain injury and 

posttraumatic stress disorder. The Journal of Rehabilitation Research and Development, 

46(6), 717. http://doi.org/10.1682/JRRD.2008.12.0161 

Van Harmelen, A. L., Van Tol, M. J., Van Der Wee, N. J. a, Veltman, D. J., Aleman, A., 

Spinhoven, P., … Elzinga, B. M. (2010). Reduced medial prefrontal cortex volume in 

adults reporting childhood emotional maltreatment. Biological Psychiatry, 68(9), 832–

838. http://doi.org/10.1016/j.biopsych.2010.06.011 

Van Harmelen, A. L., Van Tol, M. J., Van Der Wee, N. J. A., Veltman, D. J., Aleman, 

A., Spinhoven, P., … Elzinga, B. M. (2010). Reduced medial prefrontal cortex volume in 

adults reporting childhood emotional maltreatment. Biological Psychiatry, 68(9), 832–

838. http://doi.org/10.1016/j.biopsych.2010.06.011 

Van Rooij, S. J. H., Kennis, M., Sjouwerman, R., van den Heuvel, M. P., Kahn, R. S., & 

Geuze, E. (2015). Smaller hippocampal volume as a vulnerability factor for the 

persistence of post-traumatic stress disorder. Psychological Medicine, 45(13), 2737–

2746. http://doi.org/10.1017/S0033291715000707 

Vazdarjanova, A. (2004). Differences in Hippocampal Neuronal Population Responses to 

Modifications of an Environmental Context: Evidence for Distinct, Yet Complementary, 

Functions of CA3 and CA1 Ensembles. Journal of Neuroscience. 

http://doi.org/10.1523/JNEUROSCI.0350-04.2004 

Vermetten, Eric, Schmahl, C., Lindner, S., Loewenstein, R. J., & Bremner, J. D. (2006). 

Identity Disorder. American Psychiatry, i(April), 630–636. 

Verhagen M, van der Meij A, van Deurzen PAM, Janzing JGE, Arias-Vasquez A et al. 

Meta-analysis of the BDNF val66met polymorphism in major depressive disorder: effects 

of gender and ethnicity. Mol Psychiatry 2010; 15: 260–271.     

    

Videbech, P., & Ravnkilde, B. (2004). Hippocampal volume and depression: a meta-

analysis of MRI studies. The American Journal of Psychiatry, 161(11), 1957–1966. 

http://doi.org/10.1176/appi.ajp.161.11.1957 

Villarreal, G., Hamilton, D. A., Petropoulos, H., Driscoll, I., Rowland, L. M., Griego, J. 

A., … Brooks, W. M. (2002). Reduced hippocampal volume and total white matter 



141 

 

 

volume in posttraumatic stress disorder. Biological Psychiatry, 52(2), 119–125. 

http://doi.org/10.1016/S0006-3223(02)01359-8 

Vita A, De Peri L, Silenzi C, Dieci M. Brain morphology in first-episode schizophrenia. 

A meta-analysis of quantitative magnetic resonance imaging studies. Schizophr Res. 

2006; 82:75–88. 

Vythilingam, M., & Heim, C. (2002). Childhood trauma associated with smaller 

hippocampal volume in women with major depression. American Journal of …, 

i(December), 2072–2080. Retrieved from 

http://journals.psychiatryonline.org/article.aspx?articleid=175907 

Walsh, N. D., Dalgleish, T., Lombardo, M. V, Dunn, V. J., Van Harmelen, A.-L., Ban, 

M., & Goodyer, I. M. (2014). General and specific effects of early-life psychosocial 

adversities on adolescent grey matter volume. NeuroImage. Clinical, 4, 308–18. 

http://doi.org/10.1016/j.nicl.2014.01.001 

Wang, Q., Van Heerikhuize, J., Aronica, E., Kawata, M., Seress, L., Joels, M., … 

Lucassen, P. J. (2013). Glucocorticoid receptor protein expression in human 

hippocampus; stability with age. Neurobiology of Aging, 34(6), 1662–73. 

http://doi.org/10.1016/j.neurobiolaging.2012.11.019 

Wang, Z., Neylan, T. C., Mueller, S. G., Lenoci, M., Truran, D., Marmar, C. R., … 

Schuff, N. (2010). Magnetic Resonance Imaging of Hippocampal Subfields in 

Posttraumatic Stress Disorder. Analysis. 

http://doi.org/10.1001/archgenpsychiatry.2009.205 

Wang, Z., & Xiao, Z. P. (2010). Magnetic resonance imaging study of hippocampus 

structural alterations in post-traumatic stress disorder: a brief review (translated version). 

East Asian Archives of Psychiatry: Official Journal of the Hong Kong College of 

Psychiatrists = Dong Ya Jing Shen Ke Xue Zhi : Xianggang Jing Shen Ke Yi Xue Yuan 

Qi Kan, 20(3), 138–144. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/22348867 

Wen, B., Lampe, J. N., Roberts, A. G., Atkins, W. M., Rodrigues, A. D., & Nelson, S. D. 

(2007). NIH Public Access. October, 454(1), 42–54. 

http://doi.org/10.1097/OPX.0b013e3182540562.The 

Weniger, G., Lange, C., Sachsse, U., & Irle, E. (2009). Reduced amygdala and 

hippocampus size in trauma-exposed women with borderline personality disorder and 

without posttraumatic stress disorder. Journal of Psychiatry & Neuroscience: JPN, 34(5), 

383–8. Retrieved from 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2732745&tool=pmcentrez&r

endertype=abstract 



142 

 

 

Wingenfeld, K., Spitzer, C., Rullkötter, N., & Löwe, B. (2010). Borderline personality 

disorder: hypothalamus pituitary adrenal axis and findings from neuroimaging studies. 

Psychoneuroendocrinology, 35(1), 154–70. 

http://doi.org/10.1016/j.psyneuen.2009.09.014 

Wignall, E. L., Dickson, J. M., Vaughan, P., Farrow, T. F. D., Wilkinson, I. D., Hunter, 

M. D., & Woodruff, P. W. R. (2004). Smaller hippocampal volume in patients with 

recent-onset posttraumatic stress disorder. Biological Psychiatry, 56(11), 832–836. 

http://doi.org/10.1016/j.biopsych.2004.09.015 

Williams, L. M., Gatt, J. M., Schofield, P. R., Olivieri, G., Peduto, A., & Gordon, E. 

(2009). “Negativity bias” in risk for depression and anxiety: brain-body fear circuitry 

correlates, 5-HTT-LPR and early life stress. NeuroImage, 47(3), 804–14. 

http://doi.org/10.1016/j.neuroimage.2009.05.009 

Winter, H., & Irle, E. (2004). Hippocampal volume in adult burn patients with and 

without posttraumatic stress disorder. The American Journal of Psychiatry, 161(12), 

2194–2200. http://doi.org/10.1176/appi.ajp.161.12.2194 

Wisse, L. E. M., Gerritsen, L., Zwanenburg, J. J. M., Kuijf, H. J., Luijten, P. R., Biessels, 

G. J., & Geerlings, M. I. (2012). Subfields of the hippocampal formation at 7T MRI: In 

vivo volumetric assessment. NeuroImage, 61(4), 1043–1049. 

http://doi.org/10.1016/j.neuroimage.2012.03.023 

Wisse, L. E. M., Biessels, G. J., Heringa, S. M., Kuijf, H. J., Koek, D. L., Luijten, P. R., 

& Geerlings, M. I. (2014). Hippocampal subfield volumes at 7T in early Alzheimer’s 

disease and normal aging. Neurobiology of Aging, 35(9), 2039–2045. 

http://doi.org/10.1016/j.neurobiolaging.2014.02.021 

Woon, F. L., & Hedges, D. W. (2008). Hippocampal and amygdala volumes in children 

and adults with childhood maltreatment-related posttraumatic stress disorder: A meta-

analysis. Hippocampus. http://doi.org/10.1002/hipo.20437 

Woon, F.L., Sood, S., Hedges, D.W., 2010. Hippocampal volume deficits associated with 

exposure to psychological trauma and posttraumatic stress disorder in adults: a meta-

analysis. Prog. Neuropsychopharmacol. Biol. Psychiatry 34, 1181–1188. 

Woon, F., & Hedges, D. W. (2011). Gender does not moderate hippocampal volume 

deficits in adults with posttraumatic stress disorder: A meta-analysis. Hippocampus, 

21(3), 243–252. http://doi.org/10.1002/hipo.20746 

Wood, B., Knight, M. J., Tsivos, D., Oliver, R., Coulthard, E., & Kauppinen, R. A. 

(2015). Magnetic resonance scanning and image segmentation procedure at 3 T for 



143 

 

 

volumetry of human hippocampal subfields. Biomedical Spectroscopy and Imaging, 4(2), 

197–208. http://doi.org/10.3233/BSI-150109 

Woodward, S. H., Kaloupek, D. G., Grande, L. J., Stegman, W. K., Kutter, C. J., Leskin, 

L., … Eliez, S. (2009). Hippocampal volume and declarative memory function in 

combat-related PTSD. Journal of the International Neuropsychological Society, 15(6), 

830–839. http://doi.org/10.1017/S1355617709990476 

Wu, Z., Gao, Y., Shi, F., Ma, G., Jewells, V., & Shen, D. (2018). Segmenting 

hippocampal subfields from 3T MRI with multi-modality images. Medical Image 

Analysis, 43, 10–22. http://doi.org/10.1016/j.media.2017.09.006 

Yamasue, H., Abe, O., Suga, M., Yamada, H., Inoue, H., Tochigi, M., … Kasai, K. 

(2008). Gender-common and -specific neuroanatomical basis of human anxiety-related 

personality traits. Cerebral Cortex, 18(1), 46–52. http://doi.org/10.1093/cercor/bhm030 

Yehuda, R., Golier, J. A., Tischler, L., Harvey, P. D., Newmark, R., Yang, R. K., & 

Buchsbaum, M. S. (2007). Hippocampal volume in aging combat veterans with and 

without post-traumatic stress disorder: Relation to risk and resilience factors. Journal of 

Psychiatric Research, 41(5), 435–445. http://doi.org/10.1016/j.jpsychires.2005.12.002 

 

 

 


	Traumatic Early Life Stress in the Developing Hippocampus: A Meta-Analysis of MRI Studies
	PhD Template

