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Abstract 

Stress-related brain mechanisms, specifically HPA axis dysregulation and reductions in hippocampal 

volume, have long been associated with the pathology of major depressive disorder, especially within the 

context of a history of childhood maltreatment. However, investigations that examine the association 

between these two mechanisms are scarce. The aim of the current study was to (1) test the hypothesis that 

(1) cortisol reactivity and hippocampal volume are correlated mediators of the relation between childhood 

maltreatment; and (2) examine changes in, and associations between cortisol reactivity and hippocampal 

volume over time specifically within the context of childhood maltreatment and changes in depression 

symptomology. The current study included 144 adults (91 with a lifetime history of depressive disorders, 

53 never-depressed), 64 of whom returned for a 6-month follow-up. At baseline, participants underwent 

both a gold-standard contextual interview to assess childhood maltreatment (i.e., Childhood Experiences 

of Care and Abuse; CECA) and a comprehensive diagnostic interview (Structured Clinical Interview for 

DSM-IV Axis I Disorders; SCID). At both time points participants completed a depression symptom 

inventory (i.e., Montgomery-Asberg Depression Rating scale; MADRS), a laboratory social-stress 

paradigm that specifically accounts for how individuals respond to stressors in their environment (Trier 

Social Stress Test; TSST), and neuroimaging in a magnetic resonance imaging scanner. Contrary to 

hypotheses, across both analyses cortisol reactivity and hippocampal volume were not significantly 

associated. However, cortisol reactivity but not hippocampal volume was found to mediate the relation 

between childhood maltreatment and depression. Hippocampal volume was also found to co-vary across 

time with depression symptom severity. Although these findings suggest that our current 

conceptualization of the relation between cortisol reactivity and hippocampal volume requires revision, 

the results still indicate these stress-related neurobiological processes remain important targets in our 

understanding of depressive disorders. 
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Chapter 1 

Introduction 

Depression is among the most prevalent psychiatric illnesses worldwide, affecting over 

264 million individuals (James et al., 2018). Characterized by low mood as well as diminished 

interest or pleasure, depression is a highly burdensome disorder (James et al., 2018). Moreover, 

depression is associated with enormous economic, societal, and personal costs. In Canada alone, 

it is estimated that depression costs a staggering $32.3 billion per year in productivity losses 

(Conference Board of Canada, 2016). Further, experiencing depression across the lifespan has 

adverse effects on interpersonal relationships (Clayborne et al., 2019; Zlotnick et al., 2000); 

occupational and academic achievement (Clayborne et al., 2019; Ueno & Krause, 2020); as well 

as physical health outcomes, including higher rates of mortality (Schulz et al., 2000) and 

increased risk for cardiovascular disease (Zhang et al., 2018) and diabetes (Sartorius, 2018).  

Childhood experiences of maltreatment, which includes physical, sexual, or emotional 

abuse/neglect, have been shown in meta-analyses to prospectively increase the risk of depression 

in adulthood two-fold, with estimates that over half of all depression cases worldwide are 

attributable to childhood maltreatment (Li et al., 2016). Childhood maltreatment is also associated 

with a more severe course of illness. Meta-analytic evidence suggests that depression onset 

occurs four years earlier and is twice as likely to take a recurrent, chronic course in those with 

histories of maltreatment compared to those without such histories (Nelson et al., 2017). 

Likewise, in comparison to those who do not have a maltreatment history, those who have 

experienced childhood maltreatment are less likely to remit after treatment (Nanni et al., 2012; 

Nelson et al., 2017), have more comorbid conditions, and have higher rates of suicide attempts 

(Lippard & Nemeroff, 2020). Although there is a clear link between a history of maltreatment and 

depression, the exact mechanisms underlying this relationship have yet to be determined. 



 

2 

 

Considering that approximately one-third of Canadians have experienced some form of 

maltreatment in childhood and/or adolescence (Afifi et al., 2014), understanding the biological 

and psychological mechanisms connecting childhood maltreatment and depression is imperative 

to understanding this devastating disorder so that we might develop treatments targeted to these 

underlying etiological processes.  

To date, two related neurobiological mechanisms have been identified to explain, in part, 

the relation of childhood maltreatment to depression: dysregulation of the hypothalamic-pituitary-

adrenal (HPA)-axis response to stress and volume loss in the hippocampus. The HPA-axis is the 

primary neuroendocrine stress response pathway and is activated in response to environmental 

stressors. The end point of the HPA-axis response to stress is the release of the stress hormone 

cortisol. When the HPA-axis is challenged through exposure to an acute stress manipulation in 

laboratory paradigms, depression and childhood maltreatment have been shown to be associated 

with lower or a ‘blunted’ pattern of release (cortisol hyporeactivity). Moreover, the hippocampus 

is an important regulator of the entire HPA-axis pathway, as when cortisol binds to glucocorticoid 

receptors on the hippocampus, the stress response is downregulated. Interestingly, childhood 

maltreatment and depression are also associated with smaller hippocampal volumes (Riem et al., 

2015; Schmaal et al., 2019). It has been proposed that the chronic stress associated with 

childhood maltreatment and depression leads to chronic activation of the HPA axis, and thus the 

chronic release of glucocorticoids, including cortisol. Over time, this leads to glucocorticoid 

resistance, or desensitization of glucocorticoid receptors resulting in the blunting of the axis as 

well as glucocorticoid neurotoxicity in glucocorticoid receptor-rich areas of the brain, like the 

hippocampus (Sapolsky, 2000). As such, the cortisol response and the hippocampus appear to be 

tightly linked. It is therefore possible that a change in hippocampal volume may be associated 

with a change in the regulation of the HPA-axis, particularly in the context of childhood 

maltreatment and depression. 
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In summary, although it has been established that smaller hippocampal volumes and 

lower cortisol reactivity are associated with depression and childhood maltreatment, models that 

have examined these neural correlates within the context of depression and childhood 

maltreatment have done so independently. The first aim of the current study, therefore, was to 

examine the cortisol response to acute stress and hippocampal volume as correlated mediators of 

the relation of childhood maltreatment to depression (see Figure 1.1). My hypotheses were as 

follows: (a) Higher severity of childhood maltreatment history would be significantly associated 

with (i) lower (blunted) cortisol reactivity to acute stress challenge, and (ii) lower hippocampal 

volume; (b) (i) lower (blunted) cortisol reactivity to acute stress challenge, and (ii) lower 

hippocampal volume would characterize depressed versus non-depressed groups; (c) lower 

cortisol reactivity to acute stress challenge would be significantly associated with lower 

hippocampal volume, and (d) individual differences in the cortisol response to acute stress and in 

hippocampal volume would mediate the relation between childhood maltreatment and depression. 

 

Severity of 

Childhood 

Maltreatment 

Hippocampal 

Volume 

Cortisol Response 

Depression 

 (a.ii) 

(a.i) 

 (b.ii) 

 (b.i) 

(c) (d) 

Figure 1.1. Proposed Model of the Mediation of Severity of Maltreatment and Depression 

by Hippocampal Volume and the Cortisol Response 
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The second aim of the current study was to examine associations between and changes in, 

hippocampal volume and the cortisol response to acute stressors across two time points within a 

6-month follow-up period, particularly within the context of childhood maltreatment and 

depression (see Figure 1.2). My hypotheses for this aim were as follows: (a) hippocampal volume 

and cortisol reactivity will covary over time, such that time points with lower hippocampal 

volumes would be associated with lower cortisol reactivity and vice versa. Further the association 

between cortisol reactivity and hippocampal volume will be stronger with (i) higher severity of 

childhood maltreatment; (b) changes in cortisol reactivity from baseline to follow-up will be 

moderated by severity of childhood maltreatment such that there will be a greater decrease in 

cortisol reactivity over time in those with higher severity of childhood maltreatment; (c) cortisol 

reactivity will covary with depression symptom severity over time, such that time points with 

lower cortisol reactivity will be associated with higher depression symptom severity and vice 

versa; (d) changes in hippocampal volume from baseline to follow-up will be moderated by 

severity of childhood maltreatment such that there will be a greater decrease in hippocampal 

volume over time in those with a higher severity of childhood maltreatment; (e) hippocampal 

volume will covary with depression symptom severity, such that time points with lower 

hippocampal volume will be associated with higher depression symptom severity. 
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Figure 1.2 Schematic of Hypothesized Changes in and Associations Between, the Cortisol Response 

and Hippocampal Volume Over Time. 
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Chapter 2 

Literature Review 

The Stress Response 

The hypothalamic-pituitary-adrenal (HPA) axis is the primary neuroendocrine 

mammalian stress response pathway. When exposed to a stressor, corticotropin releasing factor 

(CRF) and vasopressin (AVP) are released from the hypothalamus into the anterior pituitary 

gland. This results in the anterior pituitary gland releasing adrenocorticotropic hormone (ACTH), 

which then stimulates the secretion of glucocorticoids, namely cortisol, from the adrenal cortex. 

Cortisol then binds to glucocorticoid receptors across a wide array of target tissues, to exert and 

regulate immune, cardiovascular, metabolic, and neuronal functioning (de Kloet et al., 2005; 

Pariante & Lightman, 2008). Cortisol additionally plays a major role in feedback inhibition of the 

stress response by binding to the glucocorticoid receptors in the hippocampus. Once cortisol is 

bound to these receptors, the hippocampus acts as a powerful negative regulator of the entire 

HPA-axis (Pariante & Lightman, 2008). When the HPA-axis is functioning normally, the stress 

response and the subsequent release of cortisol plays an adaptive role in response and recovery 

from stress (McEwen, 2004; Pariante & Lightman, 2008). However, abnormalities in the neuronal 

structure of inhibitory areas in the HPA-axis, like smaller hippocampal volume, may lead to less 

effective inhibitory control of the stress response (Buchanan et al., 2009). This lack of control 

may manifest as a blunted stress response to acute stressors in the environment.  

There are several methodologies by which researchers can investigate the stress response. 

Two common methods include the dexamethasone suppression test (DST) and tracking of diurnal 

cycles of cortisol secretion. Although both methods have been used to investigate how HPA axis 

dysregulation is associated with depression status (e.g., Lopez-Duran et al., 2009; Vreeburg et al., 

2009; Ulrike et al., 2013), both have also received criticism that they are not ecologically valid. 
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Namely, neither method accounts for the natural biological response an individual has to a 

stressor in their environment. Further, it has been suggested that the DST may not reflect 

endogenous (i.e., suprahypothalamic) brain mechanisms of HPA axis functioning (Rao et al., 

2008). Diurnal tracking has also been shown to lack sensitivity and specificity for detecting 

differences in depressed versus non-depressed groups (Frodl & O’Keane, 2013). Psychosocial 

stress challenge paradigms, such as the Trier Social Stress Test (TSST; Kirschbaum, Pirke, and 

Hellhammer, 1993), are thought to be more ecologically valid than these other methods (Rao et 

al., 2008). The TSST induces stress in the participant by having them give a brief speech to a 

panel of judges and complete a difficult arithmetic task. Throughout both tasks the participant is 

prompted to maintain eye-contact and to keep speaking if they pause. Saliva samples are taken at 

regular intervals throughout the task and then cortisol is assayed to give an overall pattern of 

cortisol levels throughout the paradigm. Responses to the TSST have been shown to be associated 

with acute responses to “real-life” stress (e.g., exam stress; Henze et al., 2017). Further the TSST 

is thought to be more inclusive of suprahypothalamic brain mechanisms than other methods (Rao 

et al., 2008). For instance, it has been demonstrated that damage to the hippocampus results in the 

abolishment of the cortisol response, but not pre-stressor (i.e., basal) cortisol levels (Buchanan et 

al., 2009). 

In response to the TSST, individuals typically show a rapid increase in cortisol, peaking 

at approximately 25 minutes after introduction of the stressor. Following the peak there is a 

gradual return to baseline cortisol levels (Gunnar & Quevedo, 2007). However, there are wide 

individual differences in cortisol reactivity to the TSST (see Figure 2.1). It has been proposed that 

hypo-reactive (i.e., blunted) responses are an adaptation to stress exposure that reflects 

downregulation of the entire axis (Del Giudice et al., 2011; Holsboer, 2000). This is thought to 

reflect a desensitization of glucocorticoids as well as under-recruitment of neural regions that are 
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responsible for motivated behavioural responses (e.g., hippocampus, amygdala, anterior cingulate 

cortex; Carroll et al., 2017). 

 

 
 
Childhood Maltreatment, the Cortisol Response, and Depression  

There is accumulating evidence to suggest that the HPA-axis is dysregulated following 

chronic adversity such as maltreatment (Tarullo & Gunnar, 2006; Bunea et al., 2017). A meta-

analysis conducted by Bunea et al. (2017) showed that in psychosocial laboratory stress 

paradigms, including the TSST, a history of maltreatment was associated with a blunted cortisol 

response (Hedge’s g = -.49). In particular, early life adversity had high effect sizes at peak 

cortisol values (i.e., the highest cortisol value in the first 30 minutes following introduction of the 

psychosocial stressor; Hedge’s g = -.77) and recovery cortisol values (i.e., the cortisol value taken 

60 minutes after introduction of the psychosocial stressor; Hedge’s g = -.77). This study also 

showed greater effect sizes for blunted cortisol responses among adults with a history of 

maltreatment (Hedge’s g = -.63) rather than children (Hedge’s g = -.25) or adolescents (Hedge’s 

g = -.13). Further, a recent longitudinal study conducted over the course of 37 years by Young et 

hyperreactive 

Figure 2.1 Blunted, Typical, and Hyperreactive Patterns of Cortisol Release 
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al. (2021) showed that higher levels of stress in childhood predicted a blunted slope in response to 

the TSST in adulthood. Importantly, they found that it was early life stress that predicted lower 

cortisol responses over and above cumulative life stress. Taken together these results highlight the 

association between childhood maltreatment, rather than lifetime stress, and lower cortisol 

reactivity to stressors in the environment.  

Meta-analytic evidence has indicated that depression is also associated with lower 

cortisol reactivity to stress (Burke et al., 2005; Zorn et al., 2017). Specifically, Burke et al., 

(2005) demonstrated that more severely depressed samples trend towards smaller cortisol 

reactivity when comparing depressed and non-depressed groups (b = 1.11). This effect of lower 

cortisol reactivity among depressed groups was also found to be stronger in studies that had older 

participants (Q = 48.90). 

 There is also evidence to suggest that cortisol levels may mediate the relation between 

childhood maltreatment and psychiatric illness symptoms. Stroud and colleagues (2019) recently 

investigated the role of individual differences in cortisol levels throughout the day in the 

relationship between early childhood adversity and internalizing symptoms (i.e., symptoms 

associated with depression, generalized anxiety disorder, post-traumatic stress disorder, and 

obsessive-compulsive disorder) in an adolescent sample. They found that adversity in childhood 

was associated with greater levels of internalizing symptoms and that this relationship was 

mediated by low levels of latent trait cortisol (a grand mean measure of daily salivary cortisol). 

Thus, it is possible that one of the mechanisms by which childhood maltreatment leads to 

psychopathology is through dysregulation of the HPA-axis, namely a blunted pattern of response. 

However, this study was conducted in an adolescent population, and thus it is unknown if this 

mediation effect applies to other developmental periods, especially in adulthood when there is 

increased time between exposure to maltreatment and the age of assessment. This study also used 

a composite variable of symptom severity across a wide range of psychiatric disorders including 
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depressive disorders (e.g., Major Depressive Disorder, Dysthymia) but also generalized anxiety 

disorder, obsessive-compulsive disorder, separation anxiety, specific and social phobias, panic 

disorder and post-traumatic stress disorder. Thus, it is unknown if these findings are specific to 

risk for having experienced depression. 

 In summary, meta-analytic evidence suggests that lower cortisol reactivity is associated 

with both childhood maltreatment and depression, particularly in adult samples. There is also 

evidence to suggest that diurnal patterns of cortisol mediate the relation between childhood 

maltreatment and depression in adolescence. To expand on these findings, the current study aims 

to investigate whether a blunted pattern of cortisol release to the TSST mediates the relation 

between childhood maltreatment and risk for having a history of, or currently experiencing, 

depression, specifically in an adult sample. 

Change in Cortisol Response Over Time 

 Although cross-sectional research has robustly documented associations between cortisol 

reactivity, childhood maltreatment and depression, it is less clear how childhood maltreatment 

and depression are linked to changes in cortisol reactivity. In general, there is evidence of some 

habituation, or reduction, in cortisol reactivity over repeated exposures to laboratory stress 

paradigms (Kirschbaum et al., 1993; Schommer et al., 2003). For instance, Schommer and 

colleagues (2003) showed that in healthy participants, cortisol reactivity to the TSST significantly 

decreased between the first and second exposure, which was conducted 4 weeks later. However, 

examinations of how patterns of habituation may be influenced by important variables like 

childhood maltreatment and depression are scarce. Thus, in addition to examining cortisol 

reactivity as a cross-sectional mediator of the relation between childhood maltreatment and 

depression, the current study also aims to examine how changes in cortisol reactivity may be 

influenced by or associated with maltreatment and changes in depression severity. 
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There is some evidence that early life stress may influence the change in cortisol response 

to stressors over time. Laceulle and colleagues (2017) demonstrated that adolescents who 

experienced either bullying, sexual violence or a break-up over a three-year period had greater 

reductions in their stress response to psychosocial stressors over time compared to those who did 

not experience these stressors. Further, Appelmann and colleagues (2021) found that childhood 

maltreatment was associated with a larger decrease in cortisol reactivity over two time points. 

However, this effect was only significant in men. Taken together, these results tentatively suggest 

that childhood maltreatment may be associated with larger decreases in cortisol reactivity over 

time. 

Depression may also be associated with cortisol reactivity over time. In a longitudinal 

study using diurnal measures of cortisol, Hinkelmann and colleagues (2012) demonstrated that 

changes in cortisol were significantly associated with changes in depressive symptoms. However, 

how depressive symptoms may be related to cortisol reactivity to acute stressors across time 

remains unclear.  Leppert and colleagues (2016) demonstrated that in children who did not have 

the emergence of psychopathology, including depression, over the time period demonstrated less 

change in their cortisol response to a stressor compared to those who did have emergence of 

psychopathology. In children who had high levels of psychiatric symptoms, there was greater 

change in cortisol reactivity over the period compared to children with no emergence of 

psychiatric symptoms, suggesting that changing symptom severity would be associated with 

changing cortisol reactivity. However, the direction of change was varied (i.e., both changes from 

low to high responses and from high to low responses were demonstrated).  In direct contrast, 

Morris & Rao (2014) demonstrated that in those with depression who recovered over the time 

period, there was less change over time in cortisol responses to the TSST compared to healthy 

controls. This suggests that cortisol reactivity would remain stable even with changes in 

depression symptom severity. The current study aims to expand on these findings, by specifically 
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examining how changes in depression symptom severity within-individuals are associated with 

changes in cortisol reactivity across time. 

Hippocampal Volume 

Childhood Maltreatment, Hippocampal Volume, and Depression   

The hippocampus is a limbic system structure embedded within the temporal lobe of the 

brain. It plays a critical role not only in regulating the HPA-axis, as described above, but also in 

learning, memory (Bird & Burgess, 2008; Eichenbaum et al., 1994) and emotional regulation 

(Phelps, 2004). Decades of accumulating research suggests that the hippocampus is one of the 

brain regions that is most vulnerable to stress likely through the neurotoxic effects of cortisol 

(Anand & Dhikav, 2012). According to Teicher et al. (2003), evidence from preclinical 

investigations suggest that brain regions most vulnerable to early stressors have the following 

features: (1) protracted postnatal development (2) some degree of postnatal neurogenesis and (3) 

a high density of glucocorticoid receptors. As the hippocampus undergoes substantial 

development in childhood (Lupien et al., 2009), continues to undergo neurogenesis into 

adulthood (Kempermann, 2002), and has a high level of glucocorticoid receptors (Herman et al., 

1989; Jankord & Herman, 2008) this region is extremely vulnerable to cortisol neurotoxicity and 

subsequent stress-related alterations (Dahmen et al., 2018). 

In animal models, experiences of early life stress have been shown to reduce the number 

of hippocampal neurons, inhibit hippocampal neurogenesis, and lead to aberrations in synaptic 

pruning, resulting in significant structural abnormalities (Anand & Dhikav, 2012). In human 

studies, a meta-analysis conducted by Riem and colleagues (2015) found that hippocampal 

volume was associated with childhood maltreatment. Specifically, more maltreatment 

experiences compared to less or no maltreatment experiences were associated with smaller 

hippocampal volumes. This effect was significantly stronger when the maltreatment occurred 

from ages 0-12. Further the effect of maltreatment on hippocampal volume was only significant 
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when examining adult hippocampal volumes rather than child. There were also no significant 

effects for either sexual maltreatment, emotional maltreatment, or neglect alone, suggesting that it 

is the combinations of multiple types of maltreatment that is associated with smaller volumes. 

The observation of lower hippocampal volume in those with Major Depressive Disorder 

(MDD) has also been widely replicated in large-scale meta-analytical studies with robust effect 

sizes (Bora et al., 2011; Schmaal et al., 2015). Evidence suggests that smaller hippocampal 

volumes are associated with greater number of depressive episodes (MacQueen et al., 2003; 

MacQueen et al., 2008) and with longer illness duration (Roddy et al., 2019; Hansen et al., 2020), 

although differences have also been detected in first onset. Larger hippocampal volume pre-

treatment has been shown to be associated with higher remission rates after eight weeks 

(MacQueen et al., 2008).  Further, patients with recurrent depression with relatively small 

hippocampal volumes at baseline have been shown to have significantly worse clinical outcomes 

at one, two, and three-year follow-ups (Frodl et al., 2008). Again, preclinical studies suggest that 

neuronal remodeling/loss, neuronal death, and suppressed neurogenesis are the possible 

mechanisms by which this volume reduction occurs (Sapolsky, 2000, Czéh and Lucassen, 2007).  

There is also some evidence to suggest that hippocampal volume may mediate the 

relation between childhood maltreatment and depression. For instance, Rao and colleagues (2010) 

found that smaller hippocampal volume partially-mediated the relation between childhood 

maltreatment and depression by increasing the likelihood of depression onset in adolescence. 

However, another study, failed to replicate such findings, indeed finding no associations among 

hippocampal volume and either depression or childhood maltreatment (Opel et al., 2019). Thus, 

the nature of these associations between childhood maltreatment, hippocampal volume and 

depression are not yet well understood.  

In summary, meta-analytic evidence suggests that lower hippocampal volume is 

associated with both childhood maltreatment and depression. However, the evidence is mixed as 
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to whether hippocampal volume significantly mediates the relation between maltreatment and 

depression. The current study aims to examine hippocampal volume as a mediator of the relation 

between childhood maltreatment and depression while also expanding on previous work by 

examining cortisol reactivity as a correlated mediator of this relation.  

Changes in Hippocampal Volume Over Time 

 Meta-analytic evidence from longitudinal studies suggests that healthy individuals under 

the age of 55 experience atrophy rates of approximately 0.38% per year (Fraser et al., 2015). 

Numerous physical and psychiatric conditions have also been linked to accelerated hippocampal 

atrophy, including Alzheimer’s Disease, Epilepsy, Cushing’s Disease, Post-Traumatic Stress 

Disorder, and most relevant to the current investigation, depression (for a review see Anand & 

Dhikav, 2012)  

To the best of my knowledge, no studies to date have examined hippocampal volume 

change over time in relation to childhood maltreatment in adulthood. Thus, although cross-

sectional evidence would suggest that hippocampal volume is smaller in individuals with 

childhood maltreatment, it is unknown if maltreatment predicts continued atrophy of the 

hippocampus into adulthood. To the best of my knowledge, although no human studies have 

specifically examined if changes in hippocampal volumes vary as a function of childhood 

maltreatment in adulthood, animal models do suggest enduring effects of early life stress on the 

hippocampus. Specifically, preclinical studies have suggested that early life stress may alter 

synaptogenesis and long-term potentiation in the hippocampus, and further that these effects may 

continue well after the cessation of the stressor (Andersen & Teicher, 2004; Patel et al., 2018; 

Sousa et al., 2014). Based on animal models, it has been proposed that early-life stress 

“programs” structural plasticity that results in the hippocampus being more vulnerable to insult 

(i.e., mild/moderate levels of stress; for a review see Loi et al., 2014) that may subsequently result 
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in continued volume loss in adulthood. However, if these structural changes in hippocampal 

volume are detectable in human subjects, remains untested. 

Changes in hippocampal volume over the course of depression treatment have been 

documented. There is evidence that remission in the context of pharmacological antidepressant 

treatment is associated with increases in hippocampal volume (Arnone et al., 2012; Phillips et al., 

2015). More recent work has also found that psychotherapeutic treatments may also be associated 

with increases in hippocampal volume (Joss et al., 2020). Reductions in hippocampal volume 

over the course of treatment are also associated with failure to remit and a higher likelihood of 

relapse (Frodl et al., 2008). Therefore, changes in hippocampal volume, even over the brief 

period of treatment (e.g., 8-12 weeks) are observed and have prognostic significance. Elbejjani et 

al. (2015), in a 4-year longitudinal study of older adult women, those with more severe depressive 

symptoms at baseline, and those whose symptoms worsened over time, had faster rates of atrophy 

than those with less severe depressive symptoms. Similarly, Taylor et al. (2014) demonstrated in 

older adults that there were greater reductions in hippocampal volumes over a 2-year period in 

those whose depression was chronic over that period compared to never-depressed individuals. 

Thus, there is also evidence to suggest that there are greater reductions in hippocampal volume 

with worsening symptom severity.  

In summary, both childhood maltreatment and depression appear to be associated with 

hippocampal volume change. It has been suggested that childhood maltreatment may result in an 

inherent vulnerability to volume loss, however this remains untested in humans. Thus, the current 

study aims to examine if childhood maltreatment moderates hippocampal volume change over 

time, such that higher severity of maltreatment will be associated with greater volume loss over 

time. Changes in depression have also been repeatedly linked to changes in hippocampal volume, 

however these have often been within the context of studies examining the effects of treatment 
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regimens. Thus, the current study aims to specifically examine if concurrent associations between 

hippocampal volume and depression symptom severity in a naturalistic follow-up.  

Relations Between the Cortisol Response and Hippocampal Volume 

There are two potential ways in which HPA-axis dysregulation and hippocampal volume 

are associated. First, as mentioned above, the neurotoxic effect of cortisol is thought to be the 

mechanism by which chronic stress may work to reduce hippocampal dendritic spines and 

synapses, suppress hippocampal neurogenesis, and impair long-term potentiation within the 

hippocampus (Anand & Dhikav, 2012).  Second, hippocampal volume may impact HPA-axis 

function by leading to less effective inhibitory control, manifesting in a blunted stress response to 

psychosocial stress challenges. In one study conducted by Raper et al. (2017) with Neo-Hibi 

Monkeys, the authors demonstrated that hippocampal lesions resulted in a blunted cortisol 

response to a stressor. Further, in a human sample, Buchanan et al. (2009) showed that those with 

hippocampal lesions exhibited a complete abolishment of the stress response to the TSST, but 

still had significantly higher pre-stress cortisol levels than those without hippocampal lesions. 

Blunted cortisol responses were also shown by Bruehl et al. (2009) to be associated with reduced 

hippocampal volumes in those with Type 2 Diabetes. Taken together, these results suggest that 

blunted patterns of cortisol release during stress and smaller hippocampal volumes may be 

correlated.  

Associations between cortisol and the hippocampus may be particularly strong within the 

context of childhood maltreatment. For instance, Dahmen et al (2018) demonstrated that 

association between diurnal cortisol release and hippocampal volume was only present in children 

who had experienced early life adversity. However, it is uknown whether these associations are 

present within an adult sample, and if they extend to acute responses to psychosocial stressors. 

As noted above, there is evidence of within-person differences in changes in hippocampal 

volume and cortisol. To my knowledge, only two studies have examined how cortisol levels and 
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hippocampal volume change together over time within the context of childhood maltreatment. 

First, a pilot study conducted by Carrion et al., (2007), found that in children with Post-Traumatic 

Stress Disorder (PTSD), PTSD symptoms and daily cortisol levels predicted a reduction in 

hippocampal volume over the course of 12 months. Second, a recent study conducted by 

VanTieghem and colleagues (2021) examined associations between hippocampal volumes and 

diurnal cortisol in institutionalized youth and a comparison group (aged 4-20 years) at a baseline 

and up to a five-year follow-up. They found in a longitudinal, cross-lagged model that the 

hippocampal volumes at baseline prospectively predicted morning cortisol levels at follow-up. 

However, they did not find that group inclusion (e.g., institutionalized versus non-

institutionalized) moderated these paths.  

In summary, cross-sectional evidence suggests that a blunted response to psychosocial 

stressors is associated with smaller hippocampal volume. However, the literature examining the 

longitudinal associations between cortisol and hippocampal volume within the context of 

childhood maltreatment, thus far has been mixed. It is possible this is due to using diurnal 

tracking to measure cortisol as well as relying on predictive rather than concurrent associations. 

Thus, the current study, aims to expand upon these findings specifically examining the concurrent 

associations between cortisol reactivity and hippocampal volume over time, within the context of 

childhood maltreatment. 

Research Aims 

Aim 1: A Mediational Model of Childhood Maltreatment and Depression 

Taken together, the literature suggests that childhood maltreatment and depression are 

each associated with blunted cortisol reactivity to acute laboratory stress and smaller hippocampal 

volume. Independently, both HPA-axis dysregulation and smaller hippocampal volume have been 

shown to mediate the relation between early childhood adversity and either depressive symptoms 

or depression onset. However, all models of childhood maltreatment and depression within the 
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literature have examined cortisol reactivity and hippocampal volume independently, despite 

evidence that individual differences in the cortisol response to stress may be correlated with 

hippocampal volume, such that individuals with a blunted cortisol response to stress are also 

more likely to show lower hippocampal volume. Thus, in a sample of individuals with a current 

episode, or a past history of, depression (ever-depressed) versus those with no previous 

psychiatric history (healthy comparisons), the first goal of the current study is to examine the 

cortisol response to the TSST and hippocampal volume as correlated mediators in the association 

between a history of childhood maltreatment and depression (see Figure 1.1). My hypotheses are 

as follows: (a) Higher severity of childhood maltreatment history would be significantly 

associated with (i) lower (blunted) cortisol reactivity to acute stress challenge, and (ii) lower 

hippocampal volume; (b) (i) lower (blunted) cortisol reactivity to acute stress challenge, and (ii) 

lower hippocampal volume would characterize depressed versus non-depressed groups; (c) lower 

cortisol reactivity to acute stress challenge would be significantly associated with lower 

hippocampal volume, and (d) individual differences in the cortisol response to acute stress and in 

hippocampal volume would mediate the relation between childhood maltreatment and depression. 

Aim 2: Associations Between and Changes in Cortisol Reactivity and Hippocampal 

Volume Over Time 

There is evidence within the literature to suggest associations between hippocampal 

volume and cortisol reactivity, either through the neurotoxic effects of cortisol resulting in 

hippocampal atrophy and/or alterations in the hippocampus resulting in reduced inhibitory 

feedback on the HPA-axis and lower cortisol reactivity to acute stressors. However, 

investigations thus far have primarily examined these associations cross-sectionally limiting our 

understanding of the changing nature of these variables. Further, it has yet to be tested how these 

associations may be impacted by childhood maltreatment. The second aim of the current study 

was to examine associations between and changes in, hippocampal volume and cortisol response 
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across two time points over a 6-month prospective follow-up period, particularly within the 

context of childhood maltreatment and depression (see Figure 1.2). My hypotheses for this aim 

were as follows: (a) hippocampal volume and cortisol reactivity will covary over time, such that 

time points with lower hippocampal volumes would be associated with lower cortisol reactivity 

and vice versa. Further the association between cortisol reactivity and hippocampal volume will 

be stronger within the context of higher severity of childhood maltreatment; (b) changes in 

cortisol reactivity from baseline to follow-up will be moderated by severity of childhood 

maltreatment such that there will be a greater decrease in cortisol reactivity over time in those 

with higher severity of childhood maltreatment; (c) cortisol reactivity will covary with depression 

symptom severity over time, such that time points with lower cortisol reactivity will be associated 

with higher depression symptom severity and vice versa; (d) changes in hippocampal volume 

from baseline to follow-up will be moderated by severity of childhood maltreatment such that 

there will be a greater decrease in hippocampal volume over time in those with a higher severity 

of childhood maltreatment; (e) hippocampal volume will covary with depression symptom 

severity, such that time points with lower hippocampal volume will be associated with higher 

depression symptom severity. 

Exploratory Follow-Ups: Types of Maltreatment & Hippocampal Subfields 

The anatomical structure of the hippocampus consists of a number of subfields. Relevant 

to the current study, it contains the cornu ammonis (CA) region, which consists of four parts (i.e., 

CA1, CA2, CA3, and CA4), the dentate gyrus (DG), and subiculum, all of which have distinct 

functionality and connections to other regions in the brain. Reductions associated with childhood 

maltreatment have been found in all divisions of the CA region, as well as the subiculum 

(Aghamohammadi-Sereshki et al., 2021; Lee et al., 2009; Teicher et al., 2012). Teicher and 

colleagues (2012), demonstrated that the strongest associations between childhood maltreatment 

and hippocampal volume were in the CA2-CA3 and CA4-DG regions although structural 
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abnormalities were also found within the CA1 and subiculum. Further the atrophic effect of 

cortisol, appears to especially impact the CA regions of the hippocampus (Krugers et al., 2010). 

However, the subiculum has also been shown to undergo cell loss in association with 

dysregulation of the HPA-axis (Han et al., 2016). It may be that associations between HPA-axis 

dysregulation and hippocampal volume are specific to certain regions, thus far however, it is 

unclear which regions may be more affected in the context of childhood maltreatment and 

depression. Thus, the current investigation aims, in an exploratory analysis to examine if relations 

between hippocampal volume and cortisol reactivity are specific to the different subfields.  
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Chapter 3 

Methods 

Participants 

A total of 219 individuals were recruited into the study from the Kingston community 

through advertisements. To participate in the study participants were required to be fluent in 

English. Participants in the depressed group met DSM-IV criteria for either current or a history of 

MDD, Dysthymia, or Depression Not Otherwise Specified. Participants in the healthy 

comparisons group had no current or lifetime psychiatric diagnoses.  For the depressed group, 

participants with a history of psychotic disorders, bipolar disorder or substance dependence were 

also excluded. For the healthy comparisons group, participants could not have a history of any 

Axis I psychiatric condition. For both groups, participants were also excluded if they had a 

history of endocrine disorder, neurologic diseases, or head trauma. Further, women who were 

pregnant or planning on becoming pregnant were also excluded.  

The flow of individuals through the study is provided in Figure 3.1. Of the 219 initially 

recruited to the study, 13 participants were excluded as they met diagnostic exclusion criteria 

(i.e., met criteria for a substance use disorder, bipolar disorder etc.). A further 35 individuals did 

not complete the TSST and 20 did not undergo brain imaging in an MRI scanner, with 16 

individuals not completing either. From these participants, 21 individuals did not meet quality 

control for the TSST task. The vast majority of the participants excluded at the quality control 

step were removed from the dataset due to deviations from the TSST protocol (e.g., did not 

follow instructions, intense exercise prior to task completion) or contamination due to smoking (n 

= 18) with 3 individuals being removed for being statistical outliers. Two individuals did not 

meet quality control for hippocampal volume segmentation. Thus, a total of 144 participants, 

aged 18-66, were used for the Aim 1 analysis. 
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A total of 94 participants completed the 6-month follow-up Time 2 assessment. Of these 

participants, imputation was used to determine the AUCi values at either Time 1 or Time 2 for 13 

participants who otherwise met diagnostic and structural neuroimaging criteria. Participants were 

only selected for imputation if the TSST session was completely skipped during either the Time 1 

or Time 2 protocol. Thus, participants who started the TSST and did not complete it due to either 

stress or time constraints, or individuals who were excluded as statistical outliers were not 

considered for imputation. Of the 94 participants who returned for Time 2, 7 did not meet 

diagnostic criteria and thus were excluded. An additional 20 participants either began but did not 

complete the TSST (due to stress or time constraints) or did not meet quality control standards at 

one or both time points. Failure to meet quality control standards included eating/drinking in the 

hour preceding the appointment or deviations from protocol (e.g., only completing one part of the 

task, experiencing distress unrelated to the task immediately preceding or during the protocol). 

From these participants, an additional 3 participants did not complete or did not meet quality 

control standards for hippocampal segmentation. Thus, a total of 64 participants were included in 

the Aim 2 analysis. 
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Attended T1 Session 

(n = 219) 

Excluded: Did not complete TSST protocol (n=35) and/or 

structural neuroimaging (n = 20). Total (n = 39) 

Included in Aim 1 

analysis (n = 144) 

Returned for Time 2 

Appointment (n = 94) 

Excluded: Did not meet diagnostic criteria (n = 7) 

Included in Aim 2 

Analysis (n = 64) 

Excluded: Did not meet diagnostic criteria (n = 13) 

Excluded: Did not meet quality control criteria for AUCi (n = 

21) and/or hippocampal segementation (n = 2). Total (n = 23) 

Excluded: Did not complete structural neuroimaging or meet 

hippocampal segementation quality control at one or both time 

points (n = 3) 

Excluded: Did not meet quality control criteria for AUCi at 

one or both time points (n = 20) 

 

Figure 3.1 Study Flowchart Detailing Attrition and Exclusion criteria for Aim 1 and Aim 2 Analyses 
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Measures 

Depression Status 

SCID-IV. At Time 1, the Structured Clinical Interview for DSM-IV Axis I Disorders 

(SCID; First, 2014) was used to determine diagnosis of depressive disorders and comorbid 

conditions. Demographic variables, medication history, and depression episode history were also 

assessed at this time. Interviewers were required to undergo extensive training under the 

supervision of the principal investigator (Dr. K. Harkness) to achieve gold-standard reliability. To 

achieve reliability status, interview trainees needed to observe and match the given diagnoses on 

three consecutive SCID interviews conducted by a gold-standard reliability status interviewer. 

Then, trainees conducted interviews under the observation of a previously trained interviewer and 

again, had to match the given diagnostic ratings on an additional three consecutive interviews. 

Depression Severity 

MADRS. To assess severity of depression, the 10-item clinician rated Montgomery-

Asberg Depression Rating scale (MADRS; Montgomery & Asberg, 1979) was administered. This 

scale has been previously shown to have good reliability and validity (Montgomery & Asberg, 

1979). Each of the 10 items denotes either a symptom or feature associated with depression (e.g., 

apparent sadness, reduced sleep, inability feel) which are ranked by a trained interviewer on a 0-6 

scale (e.g., apparent sadness: 0 = “No Sadness”, 6 = “Looks miserable all the time. Extremely 

despondent”). Each item was then summed for a total MADRS score, with higher scores 

indicating higher depression symptom severity. Specifically, the range of the scale is 0-60. Scores 

within the 0-6 range indicate the participant is within the normal range, 7-19 indicates mild 

depression, 20-34 indicates moderate depression, and scores of 35 and above indicate severe 

depression.  The MADRS in the current study sample had good internal consistency across Time 

1 (a = .93). and Time 2 (a = .92). 
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Childhood Maltreatment 

Childhood Experiences of Care and Abuse.  (CECA; Bifulco, Brown, & Harris, 1994) 

The CECA scale is a semi-structured interview that assesses the quality of parental care and 

abuse up to age 18. The interview material from the CECA is subsequently rated by independent 

judges according to rating rules and standardized exemplars in the CECA rating manual. Ratings 

on a scale from 1 (little/none) to 4 (marked) are provided for each of the following scales: 

parental antipathy (i.e., hostility and criticism), parental neglect, parental physical abuse, and 

sexual abuse by any perpetrator. A summary ‘emotional maltreatment’ was subsequently defined 

as the worst score across parental antipathy and parental neglect ratings. For the purposes of the 

current analyses, an overall maltreatment variable was created as the sum of scores across sexual, 

physical, and emotional maltreatment.  

Cortisol Reactivity 

TSST. Cortisol reactivity was assessed with the Trier Social Stress Test (TSST; 

Kirschbaum, Pirke, & Hellhammer, 1993). Participants were asked to avoid brushing their teeth, 

vigorous exercise, smoking, caffeine, or drinking/eating 2 hours prior to their arrival. 

Confirmation of adherence to this request was ascertained prior to the TSST protocol. This 

protocol induces moderate psychological stress by having participants give a brief speech as well 

as perform a challenging arithmetic task in front of a panel of judges. Saliva samples were 

collected via passive drool in 5ml polypropylene vials. The time period of sample collection is 

provided in Figure 3.2.  Two samples of cortisol, separated by 30 minutes, were taken before task 

start (Samples A and B). Participants were then led to a room where a panel of two research 

assistants informed them, they would have to deliver a job application speech (Time 1) or deliver 

a speech refuting a shoplifting accusation (Time 2) that would be videotaped. The participants 

were then led back into the preparation room and given 10 minutes to prepare. After the 

preparation period, the third saliva sample was collected (Sample C). Participants then had 5 
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minutes to deliver their speech in front of the panel. After the speech they were asked to serially 

subtract the number 13 from 1022 as quickly as possible without making mistakes. Following the 

arithmetic test, they were led back to the preparation room where they provided a fourth sample 

(Sample D). Participants were debriefed following the task and asked to relax quietly for 60 

minutes, during which four more samples were collected (Samples E-H). Following the task, 

samples were placed in a -20 freezer for short-term storage. Samples were then mailed on dry ice 

to Dr. Wynne-Edwards laboratory Health Research Innovation Centre at the University of 

Calgary.  

 

 

 Sample Preparation and Cortisol Quantitation. Saliva samples were thawed in a 20°C 

water bath. Samples were then centrifuged for 20 minutes at 2000 xG. One milliliter of each 

sample was then transferred to a Hamilton Microlab Starlet workstation. At the workstation 75 

µL of supernatant of each sample/calibrator/quality control (QC) had proteins precipitated (75 µL 

ZnSO4 7H2O Methanol/H2O solution; 90/10 v/v). The resulting solution was then spiked with 

deuterated bioidentical standards. Cortisol quantitation used the cortisol-d4 (CDN Isotopes Inc., 

Figure 3.2 TSST Cortisol Sample Collection Timeline. 
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Pointe-Claire QC) internal standard. No cortisol concentrations fell below the limit of 

quantitation (LOQ) based on the threshold established. 

Parameters for Analysis. For the purpose of statistical analysis, two variables were 

computed at each time period. First, Area Under the Curve with respect to Increase (AUCi) 

represents the total amount of cortisol secreted over the course of the TSST (Fekedulegn et al., 

2007) relative to an individual’s baseline. In the present study, Sample C was used as the measure 

of a person’s baseline as, on average, Sample C gave the lowest cortisol concentration and was 

reflective of cortisol levels after the rest period. AUCi was calculated as the sum of the five 

trapezoids bound by the participants baseline and the cortisol concentration within saliva samples 

C through H. As AUCi accounts for a person’s baseline cortisol levels, it is thought to be the best 

marker of the overall reactivity of the system. As a quality control measure, participants were 

excluded on the basis of statistical outliers (M +/- 3 SDs). 

Hippocampal Volume 

MRI Acquisition. The MRI acquisition protocol was performed on a Siemens 3.0T MR 

Trim Trio Scanner at Queen’s University in Kingston, Ontario, Canada. A whole-brain T1-

weighted structural scan with a 3D isotropic resolution of 1mm was acquired. The pulse sequence 

parameters were as follows: repetition time (TR) = 2000.0ms; echo time (TE) = 30 ms; flip angle 

= 75°; inversion time; field of view (FOV) = 1536 (mosaic); and matrix dimensions = 64x64 

contiguous slices at 1mm thickness. Whole-brain T1 weighted structural scans were used in this 

investigation due to their non-invasive, short, and well-tolerated nature. These factors have been 

recognized as important for identifying clinical biomarkers in depression (MacQueen et al., 

2019).  

Hippocampal Subfield Segmentation. All baseline and 6-month follow-up, T1-

weighted images were segmented using the volBrain HIPS pipeline (Romero et al., 2017). 

Developed by Romero and colleagues (2017), the HIPS pipeline utilizes a multi-atlas framework 
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with nonlinear registration and patch-based label fusion for automatic hippocampus subfield 

segmentation. The dataset/protocol selected for segmentation was based on the Winterburn et al. 

(2013) atlas that allowed for the division of the hippocampus into five subregions: CA1, CA2-

CA3, CA4-DG, stratum, and subiculum. The volume outputs were then extracted for analysis. For 

the Aim 1 analysis, once extracted, hippocampal volumes were residualized against intracranial 

volume (ICV) to control for head size. In the current sample, there was extreme stability in 

individuals’ ICV measurements across time points (R2 = .99, b = 1.00, t = 194.57, p < .001); as 

such, absolute hippocampal volumes were used for Aim 2. 

Hippocampal segmentation using the volBrain pipeline has been shown to be superior to 

other methods including FSL, FreeSurfer, and SPM when compared to gold-standard manual 

segmentation methods (Naess-Schmidt et al., 2016). For participants who had both Time 1 and 

Time 2 T1-weighted images, hippocampal volumetric segmentations were also performed using 

FreeSurfer version 7.0 using the semi-automatic longitudinal hippocampal pipeline (Iglesias et 

al., 2016) as a measure of quality control (see below).  

Quality Control. First, hippocampal segmentation outputs from the HIPS pipeline were 

visually inspected and excluded on the basis of segmentation anomalies and statistical outliers (M 

+/- 3 SDs). Further, as a quality control measure, significant deviations between the two methods 

of segmentation were also investigated for those who completed both time points. Agreement 

between the two methodologies was also explored using a series of Bland-Altman Plots. Bland-

Altman plots plot the differences (y-axis) and the average value between two measures (x-axis) 

on the same scale (see Appendix A). Thus, although no definitive conclusions about which 

method is more accurate can be made, systematic differences between the two were qualitatively 

examined. 
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Procedure 

At each time point, participants attended three sessions. During the first session, 

participants completed the consent form, the SCID (Time 1) or LIFE (Time 2) interview, the 

clinician-rated MADRS interview, a battery of self-report questionnaires, and the CECA 

interview (Time 1 only). During the second session, participants completed the TSST. In the third 

session participants underwent the MRI protocol. 

Data Analysis 

Preliminary Analysis 

All preliminary analyses were conducted using SPSS v. 26 (IBM, 2019). Univariate 

relations of age, sex, ethnicity, education, marital status, income status, or body mass index 

(BMI) to childhood maltreatment, AUCi, right/left hippocampal volume, depression status (Aim 

1), and MADRS scores (Aim 2) were assessed to determine if any covariates needed to be added 

to the primary models.  

Aim 1: A Mediation Model of Childhood Maltreatment and Depression 

Bivariate associations were first computed for all primary variables of interest. Primary 

hypotheses were assessed using a multiple mediation model analyzed in the SPSS v. 26 

PROCESS macro (Hayes, 2017; Model 4). Specifically, PROCESS was used to assess the direct 

effect of childhood maltreatment and risk for ever having been depressed as well as the indirect 

effect through both AUCi and hippocampal volume.  

Aim 2: Associations Between and Changes in the Cortisol Reactivity and 

Hippocampal Volumes Over Time 

All hypotheses were assessed using a series of repeated measures linear mixed models in 

SPSS v. 26. Data were restructured to a person-period structure, such that the AUCi, hippocampal 

volume, and MADRS scores at each time point (i.e., baseline = time 1, follow-up = time 2) were 

nested within each subject. For all models described below, Childhood maltreatment was a time-
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invariant covariate. Time-invariant covariates were group-mean centered before inclusion, 

whereas time-varying covariates were person-mean centered before inclusion (Hoffman & 

Stawski, 2009; Wang & Maxwell, 2015). 

To examine both associations between AUCi and hippocampal volume as well as 

changes in AUCi over time, AUCi was entered as the dependent variable. A dichotomous time 

variable (i.e., Time 1 = 0, Time 2 = 1) was entered as a fixed effect in the model, reflecting if 

there was change in AUCi over time. To specifically test associations between AUCi and 

hippocampal volume right and left hippocampal volume were then entered into the model 

individually, as fixed effects. To test interaction effects between right/left hippocampal volume 

and childhood maltreatment, interaction terms for both right and left hippocampal volume were 

individually tested. For models investigating a cross-level interaction, childhood maltreatment 

was entered as a random effect to allow for variation in slope.  

To examine changes in AUCi over time, both right and left hippocampal volume was 

removed from the models. Childhood maltreatment and MADRS scores were then entered in the 

model as fixed effects in addition to Time. An additional model was run with the interaction 

between Time and Childhood Maltreatment as a fixed effect, with childhood maltreatment also 

being entered as a random effect to allow for variation in slope due to the cross-level interaction.   

To examine changes in hippocampal volume over time, right total hippocampal volume 

was first tested as the dependent variable in a repeated measures linear mixed model. The same 

described procedure below was also tested using left total hippocampal volume as the dependent 

variable. First, a time variable was the only variable entered in the model, reflecting if there was 

change in either right or left hippocampal volumes over time. Then, childhood maltreatment and 

MADRS scores were entered in the model in addition to Time. An interaction term between Time 

and Childhood Maltreatment was then added. In this model Childhood maltreatment was entered 

as a random effect to allow for variation in slope.   
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Chapter 4 

Results 

Aim 1 

Preliminary Analysis 

Preliminary Associations Among Primary and Demographic Variables 

Descriptive characteristics for the full Time 1 sample are presented in Table 4.1. 

Descriptive clinical characteristics of the ever-depressed group are presented in Table 4.2. There 

were no significant differences among ever-depressed and healthy comparison participants in age, 

sex, ethnicity, education, marital status, income status, or BMI. As would be expected ever-

depressed individuals had significantly higher MADRS scores than the healthy comparison 

group.  
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Table 4.1 Demographic Characteristics of the Sample Stratified by Depression Status. 

 Healthy Comparisons  

(n = 53) 

Ever-Depressed  

(n = 91) 

t/X2 

Age, M(SD) 

Sex, n (%) 

   Male  

   Female  

Ethnicity, n (%) 

   White 

   Asian 

   Other/Unknown 

Education n(%) 

At Least some Highschool   

Post-Secondary Degree 

Professional Degree 

Marital Status 

   Never Married 

   Divorced/Separated 

   Married/Domestic Partnership 

Income Status n(%) 

Student 

Below $25000 

Above $25000  

MADRS Score M(SD) 

BMI M(SD) 

29.52(13.30) 

 

17(32.1) 

36(67.9) 

 

38(71.7) 

9(17.0) 

6(11.3) 

 

22(41.5) 

22(41.5) 

9(17.0) 

 

37(69.8) 

6(11.3) 

10(18.9) 

 

27(51.9) 

5(9.6) 

20(38.5) 

1.38(1.78) 

23.99(5.89) 

29.81(13.04) 

 

24(26.4) 

67(73.6) 

 

67(73.6) 

13(14.3) 

11(12.1) 

 

48(52.7) 

34(37.4) 

9(9.9) 

 

62(68.1) 

14(15.4) 

15(16.5) 

 

39(44.3) 

15(17.0) 

34(38.6) 

21.96(12.00) 

25.72(7.64) 

-.12 

 .54 

 

 

 .19 

 

 

 

2.37 

 

 

 

.52 

 

 

 

1.66 

 

 

 

16.05* 

-1.40 

Note: * p < .001 
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Table 4.2 Clinical Characteristics of the Ever-Depressed Sample. 

 Ever-Depressed 

 (n = 91) 

Age at First Onset M(SD) 

Number of Episodes M(SD) 

Depression Status 

History of Depression 

Currently Depressed 

Depression Treatment n(%) 

None 

Medication 

Psychotherapy 

Medication+Psychotherapy 

Comorbidity n(%) 

None 

Anxiety NOS 

General Anxiety Disorder 

Panic Disorder 

Social Phobia 

Specific Phobia 

PTSD 

Eating Disorder 

OCD 

18.93(10.04) 

2.60(2.28) 

 

25(27.5) 

66(72.5) 

 

34(37.4) 

27(29.7) 

10(11.0) 

19(20.9) 

 

54(59.3) 

1(1.1) 

18(19.8) 

11(12.1) 

15(16.5) 

3(3.3) 

11(12.1) 

2(2.2) 

1(1.1) 

Note: * p < .01, ** p < .001 
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There were no significant associations of age, income status, marital status, education 

status, or ethnicity to AUCi, or right or left total hippocampal volume. AUCi values were 

significantly lower (t = -.30, p = .004) among women (M = 123.07, SD = 80.52) compared to men 

(M = 168.31, SD = 88.69). There was no significant difference between men and women in the 

severity of childhood maltreatment or right/left hippocampal volumes. BMI was also significantly 

associated with AUCi (r = -.20, p = .02). As the primary mediation model was robust to the 

inclusion of sex and BMI, results are reported below without these covariates. 

Direct Associations Among Childhood Maltreatment, Depression Status, AUCi, and 

Hippocampal Volume. 

 As seen in Table 4.3, consistent with hypotheses, childhood maltreatment severity was 

significantly, positively associated with depression. Also consistent with hypotheses, childhood 

maltreatment was significantly associated with AUCi, such that higher severity of maltreatment 

was associated with lower AUCi. Additionally, depression was significantly associated with 

AUCi, such that ever-depression status was significantly associated with lower AUCi. Contrary to 

hypotheses, there was no significant association between childhood maltreatment and 

hippocampal volume on either the left or right side.  Contrary to hypotheses there was also no 

significant association between AUCi and hippocampal volume on either the right or left side. 

Also contrary to hypotheses there was no significant association between depression and either 

left or right hippocampal volume. 
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Table 4.3 Means, Standard Deviation and Pearson Correlation Matrix for Primary Variables. 

 M(SD) Skew Kurtosis 1 2 3 4 5 

1. Childhood Maltreatment 

2. AUCi 

3. Right Total HCV1 

4. Left Total HCV 

5. Depression Status 

3.44(2.77) 

135.96(85.11) 

2.56(.28) 

2.46(.32) 

1.10 

1.29 

-.49 

-.53 

 

.34 

1.99 

1.06 

.06 

1.00 

-.20* 

-.10 

-.04 

.37*** 

 

1.00 

.09 

.04 

-.24** 

 

 

1.00 

.70*** 

-.09 

 

 

 

1.00 

-.10 

 

 

 

 

1.00 

Note: * p < .05, ** p < .01,*** p < .001 
1Hippocampal Volume (HCV) 
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Mediational Model of Childhood Maltreatment and Depression  

In the multivariate model, as expected based on the univariate results reported above, the 

path from severity of childhood maltreatment to depression status (c’) was statistically 

significant, b = .38, se = .10, Z = 3.79, p < .001. Further, the path (a2) from greater severity of 

childhood maltreatment to lower AUCi remained significant, b = -6.27,  se = 2.55, t = -2.46, p = 

.02. The path (b2) from AUCi to depression status was still significant, b = -.005, se = .002, Z = -

2.03, p = .04, recapitulating the group difference above that those with lower AUCi values were 

more likely to be depressed than those with higher AUCi values.1  

 As would be expected from the univariate results the path (a1) from severity of 

childhood maltreatment to either right, b = -.08, se = .01, t = 1.20, p = .23, or left b = -.004, se = 

.01, t = -.51, p = .61, hippocampal volume was not significant. Consistent with the univariate 

results reported above, the path from total right hippocampal volume to depression status (b1) was 

also not significant, b = -.31, se = .76, Z = .41, p = .68 nor was the path from total left 

hippocampal volume to depression status b = -.69, se = .71, Z = -.97, p = .33.  

The indirect effect of childhood maltreatment on depression through AUCi was tested 

using 5000 non-parametric bootstrapped samples. The indirect effect of AUCi was significant, 

(IE = .03, CI95% [.002, .08]) as the CI interval did not pass through 0, indicating that AUCi was a 

significant mediator of the relation of childhood maltreatment to depression group. In contrast, 

the indirect effect of both right hippocampal volume (IE = .005, CI95% [-.01, .03]) and left 

hippocampal volume (IE = .003, CI95% [-.01, .02]) was not significant, as the CI intervals passed 

through 0. Thus, neither right nor left hippocampal volume significantly mediated the relation 

between childhood maltreatment and depression. 

 
1 Due to the Binary Outcome Variable (i.e.., Depression Status) Effect Sizes on Depression Status are 
expressed in a log-odds metric. 
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Aim 2 

Preliminary Analysis 

Descriptive statistics for the Aim 2 sample are provided in Table 4.4. The clinical 

characteristics, including age of first onset, number of episodes and treatment of the sample are 

listed in Table 4.5.   
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Table 4.4 Demographic Characteristics of the Sample. 

 (n = 64) 

Age, M(SD) 

Sex, n (%) 

   Men 

   Women  

Ethnicity, n (%) 

   White 

   Asian 

   Other/Unknown 

Education n(%) 

At Least some Highschool   

Post-Secondary Degree 

Professional Degree 

Marital Status 

   Never Married 

   Divorced/Separated 

   Married/Domestic Partnership 

Income Status n(%) 

Student 

Below $25000 

Above $25000  

MADRS Score T1 M(SD) 

MADRS Score T2 M(SD) 

BMI M(SD) 

31.22(13.53) 

 

37(57.8) 

27(42.2) 

 

43(67.2) 

12(18.8) 

6(9.4) 

 

27(42.2) 

23(35.9) 

14(21.9) 

 

41(64.1) 

10(15.6) 

13(20.4) 

 

32(50.0) 

7(10.9) 

25(39.1) 

13.95(13.28) 

11.71(11.72) 

25.78(7.45) 
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Table 4.5 Clinical Characteristics of the Sample. 

 Ever-Depressed 

(n= 40) 

Age at First Onset M(SD) 

Number of Episodes M(SD) 

Treatment (Yes; n(%)) 

None 

Medication 

Psychotherapy/Counselling 

Medication & Psychotherapy 

Comorbidity (Yes; n(%)) 

None 

Anxiety NOS 

General Anxiety Disorder 

Panic Disorder 

Social Phobia 

Specific Phobia 

PTSD 

Eating Disorder 

OCD 

21.55(11.67) 

2.65(2.35) 

 

15(37.5) 

12(30.0) 

4(10.0) 

8(20.0) 

 

13(32.5) 

2(5.0) 

8(20.0) 

2(5.0) 

9(22.5) 

2(5.0) 

3(7.5) 

1(2.5) 

1(2.5) 

 

As seen in Table 4.6, both right and left hippocampal volumes in males were significantly 

larger than in females at both Time 1 and Time 2 in the follow-up sample. In this sample, AUCi 

values were also significantly smaller in females compared to males at Time 1 but not at Time 2. 

There were no significant differences or associations among AUCi or hippocampal volumes for 

age, marital status, level of education, BMI, or ethnicity. Sex was thus added as a covariate into 

all primary analyses. 

 

 

 



 

41 

 

Table 4.6. Means and Standard Deviations of Male and Female AUCi and Hippocampal 

Volumes. 

 Female  Male t-test 

 M SD  M SD  

Time 1 

AUCi 

Left Total Hippocampus 

Right Total Hippocampus 

Time 2 

AUCi 

Left Total Hippocampus 

Right Total Hippocampus 

 

116.84 

2.38 

2.46 

 

89.53 

2.35 

2.44 

 

62.80 

.33 

.30 

 

68.79 

.33 

.32 

  

169.43 

2.63 

2.71 

 

119.97 

2.64 

2.71 

 

97.83 

.35 

.23 

 

74.01 

.33 

.25 

 

-2.51* 

-2.89** 

-3.40** 

 

-1.58 

-3.44** 

-3.50*** 

Note: *p < .05,** p < .01, *** p < .001 

 

Associations Between Hippocampal Volume & AUCi Over Time and Changes in 

AUCi Over Time 

As seen in Table 4.7 there were no significant associations between AUCi and 

hippocampal volume over time (Model 2-3). Further, there was no significant interaction effect 

between either left or right hippocampal volume and childhood maltreatment on AUCi (Model 4-

5). Although, there was a significant effect of time on AUCi such that AUCi values decreased 

over time (Model 1), contrary to hypotheses, childhood maltreatment did not interact with time to 

moderate this change (Model 7). AUCi was also not significantly associated with MADRS scores 

over time (Model 6). 
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Table 4.7 Linear Repeated Measures Mixed Models for Associations Between Hippocampal 

Volume and AUCi as well as Changes in AUCi 

 Fixed Effect Estimate SE t p AIC 

Model 1     1435.64 

Time -36.37 9.22 -3.94 <.001  

Sex 34.46 15.06 2.29 .02  

Model 2     1433.86 

Time -37.84 9.22 -4.10 <.001  

Right HCV1 -114.83 88.93 -1.29 .20  

Sex 34.93 14.99 2.29 .02  

Model 3     1434.43 

Time -37.30 9.19 -4.06 <.001  

Left HCV -68.55 68.23 -1.01 .32  

Sex 34.95 15.07 2.32 .02  

Model 4     1449.67 

Time -37.40 10.31 -3.63 <.001  

Right HCV -108.56 100.39 -1.08 .28  

CM2 -.83 3.86 -.21 .83  

Right HCV*CM -9.23 42.25 -.22 .83  

Sex 32.53 13.96 2.33 .02  

Model 5     1450.07 

Time -37.39 10.33 -3.62 <.001  

Left HCV -68.32 79.17 -.86 .39  

CM -.94 3.88 -.24 .81  

Left HCV*CM -1.73 27.48 -.06 .95  

Sex 

Model 6 

Time 

MADRS 

CM 

Sex 

Model 7 

Time 

32.89 

 

-35.40 

.42 

-.79 

33.64 

 

-35.06 

14.01 

 

9.48 

.97 

2.88 

15.28 

 

10.46 

2.35 

 

-3.74 

.44 

-.28 

2.20 

 

-3.35 

.02 

 

.001 

.66 

.78 

.03 

 

.001 

 

1437.10 

 

 

 

 

1450.07 
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MADRS 

CM 

Time*CM 

Sex 

.58 

-2.79 

3.27 

32.65 

1.11 

4.53 

4.02 

13.96 

.52 

-.62 

.81 

2.34 

.60 

.54 

.42 

.02 

Note: Time-varying covariates were mean-person centered before inclusion in analysis. Time-invariant 

covariates were grand-mean centered before inclusion in analysis. 
1Hippocampal Volume (HCV) 
2Childhood Maltreatment (CM) 

 

Changes in Hippocampal Volume Over Time. 

As seen in Tables 4.8 and 4.9, neither left nor right hippocampal volume was associated 

with time, indicating no significant changes between time points. Although the main effect of 

childhood maltreatment on hippocampal volume was significant, contrary to hypotheses, there 

was no evidence of significant interactions between childhood maltreatment severity and time, 

indicating the slope of change in hippocampal volume did not vary as a function of childhood 

maltreatment. Consistent with hypotheses MADRS scores were significantly associated right 

hippocampal volume, such that time points with higher MADRS scores had smaller right 

hippocampal volumes and time points with lower MADRS scores had larger right hippocampal 

volumes. The fixed effect of MADRS scores was not significant for the left hippocampus. 
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Table 4.8 Linear Repeated Mixed Models for Right Hippocampal Volume 

 Fixed Effect 

Estimate 

SE t p AIC 

Model 1 

Time 

Sex 

Model 2 

Time 

MADRS 

CM1 

Sex 

Model 3 

Time 

MADRS 

CM 

Time*CM 

Sex 

 

-.01 

.24 

 

-.02 

-.003 

-.02 

.22 

 

-.02 

-.003 

-.04 

.003 

.11 

 

.01 

.07 

 

.01 

.001 

.01 

.07 

 

.01 

.001 

.02 

.005 

.06 

 

-1.02 

3.56 

 

-1.64 

-2.59 

-1.86 

3.25 

 

1.58 

-2.27 

-1.67 

.64 

1.95 

 

.31 

<.001 

 

.10 

.01 

.07 

.001 

 

.12 

.02 

.09 

.52 

.05 

-68.37 

 

 

-67.21 

 

 

 

 

-66.06 

 

Note: Time-varying covariates were mean-person centered before inclusion in analysis. Time-invariant covariates 

were grand-mean centered before inclusion in analysis.  
1Childhood Maltreatment (CM) 

 

  



 

45 

 

 

Table 4.9 Linear Repeated Measures Mixed Models for Left Hippocampal Volume 

 Fixed Effect 

estimate 

SE t P AIC 

Model 1 

Time 

Sex 

Model 2 

Time 

MADRS 

CM 

Sex 

Model 3 

Time 

MADRS 

CM 

Time*CM 

Sex 

 

-.014 

.27 

 

-.02 

.001 

-.02 

.25 

 

-.02 

-.001 

-.02 

-.01 

.14 

 

.02 

.08 

 

.02 

.002 

.02 

.08 

 

.02 

.002 

.02 

.01 

.07 

 

-.82 

3.35 

 

-.88 

-.38 

-1.29 

3.11 

 

-.96 

-.70 

-.99 

-1.37 

1.99 

 

.41 

.001 

 

.38 

.70 

.20 

.002 

 

.34 

.49 

.32 

.17 

.05 

-21.19 

 

 

-7.20 

 

 

 

 

-.78 

 

Note: Time-varying covariates were mean-person centered before inclusion in analysis. Time-invariant 

covariates were grand-mean centered before inclusion in analysis. 

 

Exploratory Follow-Up: Subfield Associations with Childhood Maltreatment & 

Depression Symptom Severity 

Additional exploratory follow-up repeated mixed models were run for each right 

hippocampal subfield to determine if significant associations between right hippocampal volume 

and MADRS scores were being driven by a particular region of the hippocampus. As seen in 

Table 4.10, the association between MADRS values and right hippocampal volume was only 

found in the CA4-DG subfield.  
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Table 4.10 Linear Repeated Measures Mixed Models for Right Hippocampal Subfields  

 Effect estimate SE T p 

Right CA1 

Time 

MADRS 

CM1 

 

-.01 

<.001 

-.01 

 

.01 

.001 

.01 

 

-.79 

-.29 

-1.86 

 

.43 

.78 

.06 

Right CA2-CA3 

Time 

MADRS 

CM 

 

-.002 

<.001 

-.004 

 

.002 

<.001 

.002 

 

-.89 

-.17 

-2.36 

 

.38 

.86 

.02 

Right CA4-DG 

Time 

MADRS 

CM 

 

-.01 

-.002 

-.001 

 

.01 

.001 

.004 

 

-1.65 

-2.38 

-2.15 

 

.10 

.02 

.03 

Right Subiculum 

Time 

MADRS 

CM 

 

-.003 

<.001 

.002 

 

.004 

<.001 

.002 

 

.71 

.26 

1.02 

 

.48 

.80 

.30 
Note: Time-varying covariates were mean-person centered before inclusion in analysis. Time-invariant 

covariates were grand-mean centered before inclusion in analysis. 
1Childhood Maltreatment 
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Chapter 5 

Discussion 

The first goal of this research was to determine if cortisol reactivity to acute stressors and 

hippocampal volume were correlated mediators of the relation between childhood maltreatment 

and depression. Consistent with hypotheses, lower cortisol reactivity was found to be a significant 

mediator of the relation between childhood maltreatment and the likelihood of ever having been 

depressed. Contrary to hypotheses, hippocampal volume was not associated with childhood 

maltreatment and further, did not mediate the relation between childhood maltreatment and 

likelihood of a history of/currently experiencing depression.  

The second aim of the current study was to examine associations between and changes in 

cortisol reactivity to a psychosocial stressor and hippocampal volume. Contrary to hypotheses, 

there were no significant associations between AUCi and hippocampal volume, even within the 

context of childhood maltreatment. Also contrary to hypotheses, changes in AUCi were not 

moderated by childhood maltreatment nor were AUCi values associated with depression 

symptom severity over time. Hippocampal volume changes were also not moderated by 

childhood maltreatment. Consistent with hypotheses, however, right total hippocampal volume 

was significantly associated with depression symptom severity, such that time points with higher 

hippocampal volume had higher depression symptom severity and vice versa. 

Aim 1: A Mediational Model of Childhood Maltreatment and Depression 

Consistent with the hypothesis, smaller AUCi significantly mediated the relation between 

childhood maltreatment and depression. This finding is consistent with the body of literature that 

has long proposed dysregulation of the HPA-axis as one of the main pathways by which chronic 

stress leads to increased risk for psychopathology (for a review see Miller et al., 2007), and more 

specifically depression (Stroud et al., 2019).  
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 The results from the first analysis are in-line with the body of evidence that childhood 

maltreatment is associated with a blunted response to psychosocial stressors, particularly among 

adult samples (for a meta-analysis see Bunea et al., 2017). Although much of the literature thus 

far has speculated that cortisol reactivity may be blunted following reduction of hippocampal 

volume (for a review Frodl & O’Keane, 2013), contrary to hypotheses, AUCi was not associated 

with hippocampal volume. It is therefore possible that neurobiological mechanisms involved in 

the regulation of the HPA-axis other than hippocampal atrophy are responsible for the blunted 

response seen in those with childhood maltreatment. Both the amygdala and the prefrontal cortex 

have been shown to activate (Herman et al., 2003) and inhibit (Diorio et al., 1993) the HPA-axis 

respectively. Further, both these regions have also been shown to be vulnerable to glucocorticoids 

due to their relatively high concentrations of glucocorticoid receptors (for a review see Lupien et 

al., 2009).  Indeed, HPA-axis dysregulation has been shown to be prospectively associated with 

alterations to amygdala structure (VanTieghem et al., 2021) and alterations in functional 

connectivity between the prefrontal cortex and amygdala (Burghy et al., 2012).  

Alternatively, other hormones in the HPA-axis neurohormonal cascade may be 

responsible for the dysregulated expression of cortisol rather than structural alterations in the 

hippocampus. For example, animal models have suggested that down-regulation of CRF 

receptors in the hypothalamus after chronic secretion of CRF also reduces responsiveness of the 

HPA-axis overall (Centeno et al., 2007). Moreover, it has been suggested that reduced levels of 

CRF receptors is associated with childhood maltreatment and chronic stress (Heim et al., 2001). 

Future work should continue to investigate these alternative mechanisms. However, teasing apart 

which neural-hormonal mechanisms are most strongly associated with dysregulation of the HPA-

axis, following childhood maltreatment, will likely require large-scale meta-analytical studies. 

Although the results of this analysis did not aid in elucidating the specific mechanisms by 

which this blunted activation occurs (e.g., reduced hippocampal volume), it still provides support 



 

49 

 

for the growing consensus that blunted cortisol responses play a vital role in the link between 

childhood maltreatment and depression. It has been proposed that this downregulation of cortisol 

is as an adaptive response to chronic overexposure to stress during a sensitive developmental 

period (Del Giudice et al., 2011).  Although adaptive in a threatening environment, these 

alterations may increase sensitivity to later stressful events. Importantly, stressful life events are 

one of the strongest direct precipitants of depressive episodes (Hammen, 2005). Indeed, it has 

been shown that cortisol responsiveness is associated with increases in activeness, alertness, and 

subsequent relaxation promoting an adaptive response to stressors (Hoyt et al., 2016). Moreover, 

it has been shown that a typical cortisol response buffers negative-emotional arousal from the 

TSST, suggesting that cortisol may help in downregulating activity in emotional circuits 

following stressors (Het et al., 2012). Thus, those with blunted patterns of cortisol release may be 

reacting maladaptively and with increased negative arousal to stressors in their environment, 

potentially facilitating an increase likelihood of experiencing depression.  

Contrary to the accumulating literature that childhood maltreatment is associated with 

reduced hippocampal volume in adults (Riem et al., 2015; Teicher et al., 2012), no significant 

association between childhood maltreatment and hippocampal volume was found. However, 

consistent with the current investigation other studies have also failed to find significant 

associations among childhood maltreatment and hippocampal volumes (e.g., Opel et al., 2019). A 

possible explanation stems from the small sample size. Indeed, in a meta-analysis conducted by 

Riem and colleagues that included 2720 participants across 49 studies found that the combined 

effect size of childhood maltreatment on hippocampal volume was Pearson r = .08. Similarly, the 

association between right hippocampal volume and childhood maltreatment in the current 

analysis was r = .10 suggesting that I lacked the sample size to detect such an effect.  

Contrary to the hypothesis, hippocampal volume did not mediate the relation between 

childhood maltreatment and depression. This contrasts with investigations that have found that 
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smaller hippocampal volume mediates the relation between childhood maltreatment and the 

likelihood of depressive episode onset in the time period (Rao et al., 2010). Moreover, I found, no 

significant differences in hippocampal volumes between ever-depressed and non-depressed 

individuals. This is in contrast to literature has suggested that patients with depression have 

smaller overall volumes compared to non-depressed individuals (MacQueen & Frodl, 2011; 

McKinnon et al., 2009; Santos et al., 2018) as well as reductions in the DG (Huang et al. 2013), 

CA1-CA3 regions (Huang et al. 2013; Han et al., 2019), or in all subfields (Roddy et al., 2019). 

Other studies have suggested that smaller hippocampal volumes may only occur in those with 

recurrent depression. For instance, MacQueen and colleagues (2003) found that only depressed 

subjects with multiple episodes of depression had reduced hippocampal volumes. However, I 

found no associations among total hippocampal volumes and number of depressive episodes.  

An alternative explanation for the null results may stem from the fact current life stress 

was not controlled for. Interestingly, Weissman et al. (2020) found that although there were no 

associations among hippocampal volumes and depression in their study, hippocampal volume 

interacted with stressful life events to predict depression symptom severity, but only among those 

who had experienced maltreatment. Thus, hippocampal volume may be associated with 

depressive symptoms, but only in those who are experiencing maltreatment and additional life 

stressors. As it was beyond the scope of this study to examine current life stress, it was not 

possible to examine this interactive effect. Thus, future research should investigate the differential 

contributions of distal and proximal life stressors on hippocampal volume change and later 

depression. 

Aim 2: Associations Between and Changes in Cortisol Reactivity and Hippocampal 

Volume 

Contrary to the hypotheses, there were no associations between cortisol reactivity and 

hippocampal volume across time, such that a change in cortisol reactivity was not associated with 
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a concurrent change in hippocampal volume. This contrasts with research that has found 

associations between HPA-axis dysregulation and hippocampal volume (Pruessner et al., 2007), 

and especially within the context of early life adversity (Dahmen et al., 2018) and depression 

(Geerlings & Gerritson, 2017).  

There are several study-design factors that may help to explain this null result. First, the 

small sample size resulted in an underpowered repeated mixed measures model, especially 

considering the small effect sizes associated with changes in hippocampal volume and cortisol 

(Santos et al., 2018). Indeed, a meta-analysis between cortisol levels and hippocampal atrophy 

found a correlation of only r = .11 (Geerlings & Gerritson, 2017).  Second, the time between 

baseline and follow-up was also small (i.e., 6-months). Although some treatment trials have 

shown increases or reductions in hippocampal volume over small periods (e.g., Phillips et al., 

2015; Joss et al., 2020), the effects of cortisol and hippocampal volume on one another, may 

require longer periods to be detectable. Indeed, prospective investigations that have shown 

predictive relations between cortisol and hippocampal volume were conducted over 4+ years 

(e.g., VanTeighenham et al., 2021). Moreover, my analysis investigated concurrent associations 

between cortisol response and hippocampal volumes rather than the prospective associations 

found in other studies (e.g., VanTeighenham et al., 2021). It may be that the effect of cortisol on 

the hippocampus and vice versa may take time to show and are not immediately mutually 

influencing unless in severe cases, such as when part of the hippocampus is removed or damaged 

by traumatic injury (e.g., Buchanan et al., 2009). Indeed, in animal models there is evidence that 

dendritic atrophy in the CA3, in response to chronic stress, can take several weeks to develop 

(Conrad et al., 1999). Thirdly, previous analyses that have investigated the relation between 

hippocampal volume and cortisol within the context of childhood maltreatment have done so with 

child samples in contrast the adult sample used here. It is possible that although within-person 

changes to these regions can be detected as a function of glucocorticoid exposure in 
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child/adolescent samples, when the hippocampus is most vulnerable and undergoing significant 

postnatal development (Herzog et al., 2020), glucocorticoids may not have the same level of 

effects on hippocampal volume they once did.  

Alternatively, although I found no evidence for associations between the regulation of the 

cortisol response to acute stressors, again, this does not necessarily preclude the role of 

glucocorticoids in hippocampal change altogether. It is possible that changes to the hippocampus 

may occur in association with global, glucocorticoid release rather than being associated with 

cortisol patterns of release in response to acute stressors. Indeed, studies using diurnal patterns of 

cortisol release have found significant associations with the hippocampus and cortisol 

(VanTeighenham et al., 2021). Thus, future investigations should employ a range of cortisol 

measures to better understand the complex relation between glucocorticoids and alterations to 

hippocampal structure.  

 Another alternative explanation for the null results is that the effect of cortisol on 

hippocampal functioning and vice versa may be more subtle than structural volumetry analyses 

can detect. There is also evidence that glucocorticoids may alter the functional connectivity of 

limbic regions. For instance, Hakamata and colleagues (2017) found that connectivity between 

the hippocampus and amygdala was associated with daily cortisol levels, and further that this 

connectivity mediated the relation between anxiety and daily cortisol. It was beyond the scope of 

this study to examine functional connectivity of the hippocampus to these other important regions 

within the HPA-axis, and as such, futures studies should continue to implement novel 

neuroimaging methods to investigate these relations.  

Change in AUCi Over Time 

Contrary to hypotheses, although there were significant changes in AUCi over time 

childhood maltreatment did not interact with time in order to influence the patterns of AUCi 

change across time points. This is in contrast to preliminary evidence of differential patterns of 
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habituation to the TSST in those who have a maltreatment history compared to those who do not 

(Appelmann et al., 2021). Intriguingly, recent research conducted by Appelmann and colleagues 

(2021) showed that differential patterns of habituation among those with a history of 

maltreatment and those without, may vary as a function of sex. In men, there was shown to be a 

greater reduction in cortisol reactivity when there is a history of childhood maltreatment 

compared to no such history. However, their results, although not significant suggested that in 

women, childhood maltreatment may be linked to a failure to habituate; in essence, there is less 

change over time in the cortisol response to the TSST in those with a childhood maltreatment 

history compared to those without. However, a 3-way interaction between time, sex, and 

childhood maltreatment was not possible to investigate in the current analysis given the limited 

sample size.  

In contrast with the hypothesis, there were also no significant associations among 

MADRS scores and cortisol reactivity. In contrast to the current findings, there is evidence in the 

literature that there may be differences in habituation to the TSST based on depression status. 

However, the direction of the effect of depression on habituation is not yet clear. For example, 

Morris & Rao (2014) found evidence of a failure to habituate to the TSST over a 6-month period 

in a depressed group compared to controls and further that this pattern persisted regardless of 

remission. However, more recently Leppert et al. (2016) demonstrated there was greater 

instability in cortisol reactivity over time in those who had emerging psychopathology over the 

time-period. As above, it is possible that there are distinct sex-related effects on habituation 

within the context of depression. There is an accumulating body of evidence that there are 

differential patterns of cortisol reactivity among depressed and non-depressed men and women, 

such that depressed men are more likely to have a hyperreactive response to psychosocial 

stressors, whereas depressed women are more likely to have a hyporeactive response to 

psychosocial stressors (Mazurka et al., 2018; Zorn et al., 2017). Given these cross-sectional 
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differences, it is also possible that there are distinct sex by depression interaction effects on 

habituation to the TSST, likely also complicated by histories of maltreatment. Future research 

with larger samples and greater power should investigate these complex interaction effects and 

determine how childhood maltreatment and depression differentially affect men’s and women’s 

responses to psychosocial stressors over time.  

Change in Hippocampal Volume Over Time 

Contrary to hypotheses, maltreatment did not significantly interact with time to influence 

patterns of hippocampal change over time. One possible explanation is that detectable differences 

in maltreated versus non-maltreated individuals that have been demonstrated within the literature, 

particularly within the CA1-CA3 regions, are a result of either stunted developmental growth 

(Whittle et al., 2013) or atrophy that begins and ends within these vulnerable time periods, rather 

than being reflective of continued atrophy in adulthood. Future longitudinal studies that span 

childhood, adolescence, and adulthood should work to track developmental differences in 

hippocampal volumes across time. 

Although I found no significant differences in hippocampal volume between non-

depressed and depressed individuals when using a diagnostic measure, I found the right 

hippocampus was associated with depression symptom severity scores in the second analysis, 

even when childhood maltreatment was controlled for. This association was such that time points 

with higher symptom severity scores had lower right total volumes and vice versa, suggesting that 

hippocampal volume is associated with depression symptoms across time. It is important to 

mention the MADRS was specifically developed to be sensitive to change (Montgomery & 

Asberg, 1979), specifically change associated with treatment. There have also been some 

concerns that decreases in depression scores in symptom inventories like the MADRS may be 

reflective of antidepressant side effects (i.e., increased appetite) rather than clinically significant 

change in depression severity (Fried & Nesse, 2015). Thus, it will be important for future 
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research to investigate if specific symptom clusters are associated with right total hippocampal 

volume change, and more importantly, if these changes in symptoms are clinically and 

functionally relevant. Future research should thus work to clarify the behavioural and cognitive 

consequences of reductions in hippocampal volume to better understand the role alterations in 

hippocampal volume may have to play in the symptomology of depressive disorders.  

In an exploratory follow-up, it was found that it was the right CA4-DG region that was 

associated with depression symptom severity scores at different time points. These associations 

were such that increases in symptom severity was associated with a concurrent decrease in CA4-

DG volume and vice versa. The CA4-DG region is particularly important as it is thought to be the 

only hippocampal subfield that undergoes neurogenesis throughout the lifespan (Cezh & 

Lucassen, 2007; Ehninger & Kempermann, 2008). The Neurogenic Theory of Depression, first 

proposed by Jacobs et al. (2000) specifically posits that depression results from impaired 

hippocampal neurogenesis and its restoration leads to remission. However, this theory has 

primarily used animal models of depression to demonstrate its effects (Miller & Hen, 2015).  

Evidence for this theory in humans has, thus far, been primarily indirect, relying on observations 

of reduced DG volumes in depressed individuals (for a review see Malykhin & Coupland, 2015), 

particularly unmedicated depressed individuals (Boldrini et al., 2013; Huang et al., 2013). In-line 

with the results of the current study, however, Nuninga et al. (2020) recently found that in an 

ECT treatment trial, that increases in DG volumes were associated with a decrease in depression 

scores as measured by the Hamilton Depression Rating Scale (HAM-D) in the treatment group. 

Takamiya et al. (2019) similarly found preliminary evidence for a statistically significant negative 

repeated measures correlation between depression scores and right-DG volumes also using a pre-

ECT/post-ECT design. Importantly, the current study differs from these two studies as it was not 

a treatment pre-, post- design, instead using a naturalistic follow-up in which depressed 

individuals were engaged in a variety of treatments including psychotherapy, medication, 
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combinations of the two, or none at all. Further I also found evidence that increases in symptom 

severity were also associated with concurrent reductions in the CA4-DG region. Chronic stress 

has been shown in animal models to not only suppress neurogenesis but also promote apoptotic 

death in the DG (Czeh & Lucassen, 2007; Anaand & Dhikav, 2012). Interestingly in animal 

models, when chronic stress is applied in adulthood, structural changes are thought to be 

reversible following either cessation of the applied stress or with antidepressant treatment (Czeh 

& Lucassen, 2007). Thus, the association between CA4-DG volumes and depression symptom 

severity that was not found in other regions may be reflective of the CA4-DG’s ongoing 

neuroplasticity in response to environmental stressors associated with depression, or due to 

antidepressant/therapeutic treatment regimes. 

Limitations 

The results of the present study should be interpreted in light of the following limitations. 

First, as stated above, the sample size was small, particularly in the second analysis due to high 

rates of attrition and rigorous quality control standards. This was especially limiting given the 

analysis design, that often requires large sample sizes. Two, as many of the main hypotheses were 

investigating change over time, the present analysis would have benefited from additional time 

points. Additional time points would have also allowed for increased power as well as an 

increased ability to detect effects and associations across time. Third, the current investigation 

relied on retrospective self-reports for childhood maltreatment introducing potential recall-bias 

and retrieval errors. There is long-standing evidence that depressed individuals may be more 

likely to recall or overreport negative events (Schraedley et al., 2002; Widom et al., 2004). 

However, the current study attempted to ameliorate this by using a gold-standard contextual 

interview, which is more objective and thus the current research may be less prone to these types 

of biases. Fourth, the current study was primarily White, and therefore results may not be 

applicable to other ethnicities.  
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Conclusion 

 There are four key findings from the current analysis. First, the results add to the growing 

body of literature demonstrating childhood maltreatment’s effects on a stress-related 

neurobiological mechanism, namely a blunted pattern of cortisol release in response to 

psychosocial stressors. This alteration is likely reflective of downregulation of the HPA-axis, 

however the mechanisms by which they occur remain unclear. Second, I replicated the finding 

that a blunted cortisol response mediates the relation between childhood maltreatment and 

depression. It is possible this is reflective of a sensitivity to stressors in the environment that is 

associated with depression. However, hippocampal volume was not associated with either 

childhood maltreatment or a likelihood of ever having been depressed and thus did not mediate 

the relation between childhood maltreatment and depression. Third, I found no associations 

between the cortisol response and reductions in hippocampal volume across all analyses, 

regardless of a history of childhood maltreatment. This null finding is important, as although 

there were several design considerations that may have influenced my ability to detect an effect, it 

may also reflect a need for reconsideration of the relation between these two processes. Indeed, it 

may point to the importance of other neural structures or hormones within the HPA-axis in 

driving these changes after maltreatment. Alternatively, it also may reflect a need for different 

methodologies (e.g., global glucocorticoid release, functional connectivity of the hippocampus to 

other regions) for studying the association between these two variables. Fourth, analyses revealed 

a dynamic association between right hippocampal volume and depression severity scores over 

time. Although these findings warrant replication, it tentatively points to a specific region within 

the hippocampus which may be uniquely associated with the maintenance, worsening, and 

remission from depressive symptomology. In conclusion, these findings may help in guiding 

future research, specifically in deepening our understanding of the neurobiological alterations 

stemming from childhood maltreatment. HPA-axis hypo-reactivity and changes in hippocampal 
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volume remain an important area of study in this domain, although our conceptualization of their 

association to one another needs revision. 
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Appendix A 

Comparisons Between HIPS VolBrain and Longitudinal FreeSurfer 
Hippocampal Segmentation Pipelines. 

 

A series of Bland-Altman plots were used to assess Agreement between the FreeSurfer 

Longitudinal Pipeline v. 7.0 and the HIPS volBrain pipeline. As seen in Figure 5.1 and 5.2 there 

was a bias in the average estimation of the left and right hippocampus, such that FreeSurfer’s 

estimation of total hippocampal volume was approximately 1cm greater than the HIPS volBrain 

pipeline. However, based on a visual inspection of the distribution of scatterplot there was no 

evidence of this difference in estimation changing based on the average size of the right 

hippocampus.  
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Figure 5.1 Agreement Between FreeSurfer and HIPS Pipeline in the Right Hippocampus (Time 1) 



 

79 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

On both the right and left CA1, as the average estimate of the subfield increased the 

difference between the two methods negatively increased (see figure 5.3 and 5.4 respectively). 

Thus, the agreement of these two different methods of segmentation differ on the basis of size of 

the subfield. As seen in Figure 5.5 and Figure 5.6 biases were less pronounced in the CA2-CA3 

region. FreeSurfer, on average had 0.05cm and 0.06 greater estimates of the CA2-CA3 region on 

the right and left side respectively. There did not appear to be differences in the overall estimates 

based on the size of the hippocampus. The volBrain HIPS pipeline, on average, gave CA4-DG 

volumes approximately .16cm and .14cm greater than the FreeSurfer longitudinal pipeline on the 

right and left side respectively. Similar to the CA1 region, the CA4-DG as the average estimate of 

the subfield increased the difference between the two methods negatively increased (see figure 

5.7 and 5.8). 
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Figure 5.2 Agreement Between FreeSurfer and HIPS Pipeline in the Left Hippocampus (Time 1) 
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Figure 5.3 Agreement Between FreeSurfer and HIPS Pipeline in Right CA1 (Time 1) 

 

Figure 5.4 Agreement Between FreeSurfer and HIPS Pipeline in Left CA1 (Time 1) 
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Figure 5.6 Agreement Between FreeSurfer and HIPS Pipeline in Right CA2-CA3 (Time 1) 

Figure 5.5 Agreement Between FreeSurfer and HIPS Pipeline in Left CA2-CA3 (Time 1) 
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Figure 5.7 Agreement Between FreeSurfer and HIPS Pipeline in the Right CA4-DG (Time 1) 

 

Figure 5.8 Agreement Between FreeSurfer and HIPS Pipeline in the Left CA4-DG (Time 1) 
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In summary the visual inspection of Bland-Altman plots, reveals substantial differences 

between the Longitudinal FreeSurfer Pipeline and the HIPS volBrain pipeline, such that these two 

methods are not interchangeable. There was evidence of both global biases as well as systematic 

biases that changed as hippocampal volumes grew larger.  

 

 

 


