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Overview

 Background information: early-life trauma
and depression

* Findings on depression phenotypes:
early-life trauma vs. other causes

e Clinical and research implications



Childhood Trauma

Parental separation

Parental death

Physical/mental iliness of caretaker
Exposure to domestic violence

Natural disasters and political instability

Childhood maltreatment
. abuse (emotional, physical, sexual)
. neglect (emotional, physical)



Presenter
Presentation Notes
Since multiple children are involved in a family, more children


Maltreatment Statistics

3.6 Million* referrals
of maltreatment to CPS involving
6.6 Million children*

61% referrals screened in . 39% referrals screened out

become reports

- 63% Professional
2.2 million reports 19% Nonprofessional
received a disposition 19% Unclassified

3.2 million children received either
an investigation or alternative response

702,000 victims*
ncludes 1,580 fataliti
410,448 victims received 890,889 non-victims received
postresponse services postresponse services

147,462 victims received 94,457 non-victims received
foster care services foster care services

Referrals

Reports
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DHHS, ACF 2016

http://www.acf.hhs.gov/programs/cb/research-data-technology/statistics-research/child-maltreatment
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Presentation Notes
Early-life trauma, and in particular childhood maltreatment, is an important etiological factor. Maltreatment includes physical, sexual or psychological abuse as well as neglect .
U.S. Department of Health & Human Services; Administration for Children and Families in 2016 reported statistics for 2014. 3.6 M referrals involving 6.6 M children. Nearly 0.7 M unique victims identified in that year, including almost 1,600 fatalities.
Nearly 2 M non-victims also received some sort of services (almost 1M of these received foster care services due to potential threat to children’s safety).
Estimated costs for care of these victims are $220 million per day



Maltreatment - Perpetrators

Exhibit 5-D Perpetrators by Relationship to Their Victims, 2012

Unknown
2.1%

H-::.l n _;_:l:arl'_E—:ﬂt Percentage of Parents by Parental Type
16.5% Total = 100%

Unknown
Paren e

Percentage of all Perpetrators
Total = 100%

Based on data from tables 5-5 and 5-6.

DHHS; ACF 2012



Early-Life Trauma: Sequelae

* Physical

. Impaired development, medical ilinesses
 Behavioral

. delinguency, aggression, suicidality:
* Psychological

- Impaired social competence, emotional
regulation and cognition, psychopathology

 Biological
. alterations in autonomic reactivity, stress
response and brain structure and function


Presenter
Presentation Notes
Effects of early-life stress are long-lasting and occur in multiple systems. Effects are transmitted to the next generation even.



Impact of Early-Life Trauma

o Effects of early-life trauma-can be long-
lasting and occur in multiple systems
. progressive physical, cognitive and
emotional development
. dramatic changes in brain development

. stress during neuronal plasticity can result
In persistent sensitization of the
neurobiological systems to mild stress



Maltreatment: Depression Risk
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Presentation Notes
Both cross-sectional and longitudinal studies indicate about 2-fold increased risk for depression in individuals with childhood maltreatment compared to those from other causes.




Presenter
Presentation Notes
Depressive disorders are the most common  mental disorders and leading cause of disability worldwide, and the peak period of onset occurs during adolescence
 The vast majority (approximately 2/3 to 3/4) of lifetime cases among adults (approximately 2/3 to 3/4) start during adolescence
A longitudinal birth cohort study of over 1,000 children in Dunedin, New Zealand followed from birth to age 40 years with 96% retention rate. This slide shows the development of depression from pre-adolescence to early adult life with structured interviews conducted 5 times over 10 years (peak rates of depression occur between 15-18 years, and gender differences begin to emerge between 13-15 years but dramatic changes occur bet. 15-18 years.
About 2% of 13-year-olds develop depression, and the rate rises over 8-fold (17%) among 18-year-olds and remains high throughout much of adulthood.


Percent Clinically Depressed

ression: Age, Sex and Puberty
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Presenter
Presentation Notes
Using an accelerated longitudinal cohort design with youth (N = 665) starting in 3rd, 6th, and 9th grades over 3 years, Hankin et al., replicated the findings observed in the Dunedin study two decades previously.  


Pediatric Depression: Sequalae

e Suicidal behavior

* Risk for recurrent episodes

* Risk for other psychopathology
e Persistence into adult life

* Psychosocial difficulties
. Interpersonal problems
. early pregnancy
. school dropout
. unemployment


Presenter
Presentation Notes
Depression is the most common cause of suicide in Western countries, and suicide is the second leading cause of death in 15-24 year-olds, with accidents being the leading cause.
These disabilities are similar to adult depression. However, they occur at a time when physical, psychological and social maturational processes are still ongoing and when youth at this age begin to individuate from families and make life choices that have implications for adult roles in society. Hence, the socioeconomic burden is far-reaching. 
Despite widespread prevalence, heightened suicide risk and significant morbidity, depression remains poorly understood, which may stem from the diagnostic heterogeneity .


Is depression associated with
maltreatment different from
depression without
maltreatment?



Phenotypes: Clinical Differences

 Depression + maltreated phenotype
. earlier onset of depression
. more severe symptoms
. higher rates of comorbidity
. more chronic and recurrent episodes
. greater risk for suicidality
. poorer response to treatment


Presenter
Presentation Notes
In adult studies, depressed individuals exposed to childhood maltreatment differed from their counterparts without maltreatment history on a number of clinical variables.
In our studies, we focused on neurobiological changes during adolescence.  As pointed out earlier, this is a very high-risk period for depression and the effects of childhood maltreatment are not proximal, thus minimizing the confounding effects and maltreatment history is not so remote as to lead to recall bias which may be an important confounding factor in adult samples.
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Presentation Notes
The biological system that has been most closely linked to stress response is LHPA axis. This diagram illustrates major connections of the stress circuit. 
Several brain structures, including the AMG, PFC and HYP are known to influence stress responsivity. Inputs from several brain regions (e.g. BNST) converge on the PVN, the final integrator of the stress response. PVN transduces the stress response into an endocrine response by secreting CRH into the portal circulation, which in turns stimulates ACTH from the anterior pituitary and glucocorticoids from the adrenal cortex. Glucocorticoids inhibit their own release by inhibiting the secretion of ACTH at the level of the pituitary and of CRH at hypothalamic and suprahypothalamic sites. The best characterized inhibitory output is from the hippocampus.
Early adverse experiences increase CRH neuronal activity in corticolimbic pathways and in the locus coeruleus, reflecting a neurobiological vulnerability to the effects of stress. This vulnerability results in relatively high CRH secretion when the individual is stressed. Continued exposure to stress eventually leads to down-regulation of the CRH receptors. Ongoing stress also may be associated with pituitary receptor down-regulation and habituation of the adrenal glands. Subsequent trauma also might differentially affect the pituitary and adrenal glands and may induce a form of functional dissociation between these two components of the HPA axis.
BNST (bed nucleus of the stria terminalis) is an outcropping of the AMG and forms a bridge between AMG and lateral hypothalamus. 


§ Hypothalamic-Pituitary-Adrenal

(HPA) Axis Assessment
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Presentation Notes
We study the stress response using a public speaking task (a modified version of Trier Social Stress Test which has been extensively reported in adult samples). 
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HPA Response to Stress in Depression
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Presentation Notes
Baseline measures over two hours and then post-stress measures at 10-min intervals for 60 min. The depressed group had a higher peak and longer recovery time compared to controls (low-risk controls with no personal or family history of psychopathology) 


ELA Effects on HPA in Depression
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ELA = early-life adversity
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Presentation Notes
We measured other types of adversity in addition to maltreatment, including loss and separation from parent, and exposure to domestic violence. 
These data suggest that depression with and without early-life adversity are two distinct phenotypes. 


Depression Risk and HIPP Size
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Presentation Notes
Hippocampal volume in three groups of adolescents. High-risk and depressed cohorts had lower volume after controlling for individual variations in total brain volume. 


Effect of ELA on HIPP Size
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Presentation Notes
ELA was associated with reduced HIPP volume in normal and high-risk groups but not depressed.


Effects of FH and ELA on HIPP
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Presentation Notes
In the depressed cohort, we stratified the sample based on parental depression. In the sub-group with parental depression, ELA was associated with reduced HIPP volume but not in group without family history. 


Adversity-HIPP: Depression Risk
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Presentation Notes
After the baseline MRI studies, we followed these cohorts longitudinally and examined the onset of depression in the normal and high risk groups and recurrent episodes in the depression cohort.  [The follow-up period varied for individual participants since they were all not  recruited in one year. Over an average of 3-year follow-up period,  nearly one-third of the high-risk group developed depression in comparison with 6% of normal. controls.  About half of the  depressed group had a recurrent  episode.]
We stratified the sample (regardless of diagnostic status) into four groups based on ELA and HIPP size and examined the probability of a depressive episode during follow-up in these four groups. In the group with no risk factors, the risk for depression was very low (blue), In those with one risk factor, the risk was moderate (pink and yellow), and in those both risk factors, the risk for a depressive episode was substantial. 
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Presentation Notes
White matter consists of bundles of myelinated nerve cell processes (or axons), which connect various grey matter areas (the locations of nerve cell bodies) of the brain to each other, and carry nerve impulses between neurons. Myelin acts as an insulator, increasing the speed of transmission of all nerve signals. 

Maltreated youth with no evidence of any psychopathology had reduced FA values (a measure of neuronal integrity) in a number of major white matter tracts – left side  is the tract from cingulum to hippocampus..


Intrinsic Functional Connectivity
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Presentation Notes
Left Side: Resting-state functional  connectivity  at rest between the posterior cingulate cortex and prefrontal cortex, both of which are involved in the executive function. 
Right Side: Relationship between structural connectivity (observed in the previous slide) and functional connectivity observed on the left side. Structural connectivity changes correlated with functional connectivity changes in the maltreated youth and these changes increased vulnerability to depression and substance abuse on longitudinal follow-up. 
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Presentation Notes
In addition to structural changes, we studied functional brain changes. We focused on two components, (1) emotion regulation; and (2) reward processing to study the two core symptoms of depression, namely depressed mood and anhedonia. 
Left part of the slide shows brain regions involved in emotion regulation. Regions shaded in red are categorized as emotion-generating or emotion-processing regions; regions depicted in blue are categorized as regulatory regions.
AMG: assigns positive/negative value to emotional cues, particularly activates during stress/exposure to negative stimuli and generates fear response.
rACC/vmPFC: determines motivational priorities and encodes outcome expectancies during emotional decision making, is involved in self-referential introspection (tags information as personally relevant), processes emotional conflict, mediates extinction
The right part shows alterations in depressive and anxiety disorders. Increased amygdala and insula activation is associated with impaired emotion regulation in individuals with anxiety and depressive disorders. Hypoactivation of rACC/vmPFC is the most consistent finding across studies. The same pattern is evident for regions in the cognitive control network (anterior cingulate and dorsal and ventrolateral prefrontal cortices) during cognitive modulation and behavioral control.
dmPFC: activates in response to salient stimuli (positive and negative cues), is involved in performance monitoring/error monitoring, conflict processing, integrating emotional response during goal selection, response conflict, response execution.




Fronto-Limbic Circuit;: Go/No-Go Task

Hare et al., Biol Psychiatry 2008;63:927-9345
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Presentation Notes
We examined Neurocircuitry associated with response inhibition in maltreated and depressed youth and controls. The task includes target stimuli to which the participant is asked to respond by pressing a button as quickly as possible and non-target stimuli to which the participant is asked not to respond. We then acquired brain scans while the participants performed the task. When a participant is performing this task with a number of “go” signals, and suddenly when the “no-go” signal comes, they have to make an effort to inhibit the prepared response. This requires activation of the PFC to effectively downregulate the amygdala response.
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Presenter
Presentation Notes
We examined functional connectivity between AMG and ACC in 3 groups. BOLD signal changes in the AMG (left) and  ACC (right) during failed inhibition (errors during the No-Go signal) compared to correct responses during the Go signal. In NC (blue), there was no difference in AMG response between Go and No-Go. Although the PFC response increased for No-Go, it did not require much effort.
DEP+MALTX (green) had greater AMG response than NC and MDD (red). Although PFC activation increased,  it was not effective in reducing the AMG hyper-reactivity. There was reduced functional connectivity between ACC and AMG. ACC/PFC response was markedly greater in MDD than NC in order to effectively reduce the AMG reactivity. The connectivity between ACC and AMG was greater than in NC.
The AMG is a crucial element of the emotion-processing neural circuit and is involved in the rapid processing of threat-related stimuli. The PFC (particularly the ventromedial region) modulates AMG response through inhibitory regulation when there is no threat. MALTX, by affecting the development of key components of this system, reprograms it such that the AMG processes non-threatening stimuli as threatening and shows an exaggerated response to these stimuli. The PFC is ineffective in down-regulating the AMG response, leading to reduced functional connectivity and emotional dysregulation/depression. [When MALTX is not a factor in MDD, self-referential/ruminative negative thoughts may be more prominent than perceived threat, with PFC hyper-response and increased functional connectivity between the AMG and PFC].
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Presentation Notes
Merida Grant from Rick Shelton’s group compared amygdala response to sad and neutral faces in 20 adult unipolar depressed patients with and without a history of early-life trauma and 16 healthy controls. 
Group differences in amygdala response suggest heightened reactivity was not characteristic of persons with depression in general but was true primarily in those with a significant history of abuse.
Specifically, robust positive correlation was observed between physical abuse and right amygdala response compared to other forms of abuse. 


Maltreatment: AMG-PFC Connectivity
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Presentation Notes
The slide shows correlation between childhood maltreatment (CTQ) and resting functional connectivity of the amygdala. The images in the middle show brain regions (dmPFC and vmPFC) where the connectivity to AMG is significantly correlated with CTQ. Blue regions show less connectivity. Scatterplots on the right show the relationship between CTQ and the extracted, residualized connectivity values for the functional regions of interest.
As CTQ scores increased, there was lower functional connectivity between the AMG and PFC.



D]Depression: Self-Referential Thinking
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Presentation Notes
When Maltreatment is not a factor in MDD, self-referential/ruminative negative thoughts may be more prominent than perceived threat, with PFC hyper-response and increased functional connectivity between the AMG and PFC.
Yoshimura 2010: Brain activation patterns in normal controls and depressed patients during self-referential thinking. Compared with the normal controls, depressed patients showed hyperactivity in the MPFC (A) and rostral ACC (B), during the self-referential processing of negative words. Functional connectivity analysis revealed greater functional connectivity among the MPFC, rostral ACC and amygdala (not shown here) in depressed compared to the controls.




Depression: AMG-PFC Connectivity
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Presentation Notes
Johnstone et al examined functional connectivity between the AMG and vmPFC while making effortful affective reappraisal of negative motional pictures compared to attending to these pictures in depressed patients and controls.
In healthy controls, there was a negative correlation between vmPFC and amygdala (r= -0.63) such that those who showed the greatest vmPFC activation when downregulating their emotional responses, relative to attending to the pictures, also showed the lowest amygdala activation. In the depressed group, there was a positive correlation in activation between the vmPFC and amygdala (r=0.57) when decreasing their emotional response relative to the attend condition.
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Presentation Notes
The reward circuit, central to mediating the information about risks and rewards and to assessing the likely outcomes from different choices effectively, is a complex neural network involving higher-order cortical and subcortical forebrain structures. 
mPFC/ACC as well as the ventral striatum (VS) and AMG are involved in reward processing. The VS is highly sensitive to rewards and is involved in both reward prediction and consumption. In contrast, AMG is more sensitive to fear/punishment. 
Healthy beings want to seek pleasure/rewards and avoid pain/punishment although there has to be a balance for the long-term survival of the species and the mPFC/ACC maintains this balance.
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Presentation Notes
We examined adolescents’ decision-making in the context of varying probabilities and rewards. 
Four types of wheels. 10/90 wheel (10% probability yields an expected value of 40 cents, whereas 90% yields 45 cents per trial); second option is 30 cents vs. 35 cents.  10% chance is high risk.
The two 50-50 wheel controls for differences in reward magnitude. There is also a monochromatic wheel to control for sensory and motor responses.
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Presentation Notes
We administered this task to 3 groups: NC, MDD and MDD+MALTX.  MDD+MALTX (green) made more risky choices (10% and 30% probability, higher-magnitude rewards) compared to NC (blue) and MDD (red) (left panel).
In NC and MDD, reaction times were longer for high-risk choices (10% and 30% chance of winning) compared to low-risk choices (70% and 90% chance of winning); reaction times did not vary across the risk conditions in MDD+MALTX.


Maltreatment Effects on
Reward-processing Circuitry
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Presentation Notes
MDD+MALTX showed no variation in VS response between the two choices and MDD showed a modest increase in VS response to the high-risk choice (left panel).  The results were somewhat similar during the anticipation phase.
During the feedback (consummatory) phase, NC showed robust VS response regardless of outcome and MDD showed blunted VS response for both outcomes (right panel). In contrast to the selection phase, VS response varied between win and no-win conditions in MDD+MALTX.


Anhedonia: Reward Circuitry
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Presentation Notes
Behavioral studies have shown  that  anhedonia comprises of two components: a motivational component there wanting to seek reward is affected and primarily consists of the anticipation phase of the reward circuitry and involves the ventral stratum. The second component is deriving pleasure from the reward. The consummatory or outcome phase of the reward circuitry is affected here and involves both VS and PFC.  
Our  results suggest that the two MDD groups differ in their behavioral and neural responses to probabilistic monetary rewards, and the responses also vary according to the different phases of reward-processing. MDD+MALTX has greater deficits during selection (motivation) and MDD has greater deficits during consummatory phase.
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Presenter
Presentation Notes
In this study, patients with chronic forms of major depression were treated with an antidepressant (nefazodone), Cognitive Behavioral Analysis System of Psychotherapy (CBASP), or the combination.
CBASP is a structured, time-limited psychotherapy specifically developed to treat chronic depression that includes elements of traditional cognitive-behavioral therapy and interpersonal therapy. It utilizes a technique called situational analysis to help patients understand the consequences of their behavior and interactions with others, alter patterns of coping, and improve interpersonal skills.
In the depressed alone group (red), response to medication was better than psychotherapy and the combination was superior. Among those with a history of early childhood trauma (loss of parents at an early age, physical or sexual abuse, or neglect; green), psychotherapy alone was superior to antidepressant monotherapy. Moreover, the combination of psychotherapy and pharmacotherapy was only marginally superior to psychotherapy alone among the childhood abuse cohort.



Interim Summary

* Depression due to early-life trauma may
be a different phenotype
o different clinical profile
o different neurobiology
o different treatment response




Next Steps

* Develop and test treatments based on
differential neurobiological profiles

e Test whether the treatments affect
observed neurobiological deficits


Presenter
Presentation Notes
For example, if threat-based cognitive-emotional processing is a prominent feature of MDD in maltreated victims, pharmacological agents that attenuate AMG hyper-reactivity in response to threat-based social signals (e.g. anxiolytics, cannabinoid receptor agonists) might be effective adjunctive treatments to the selective serotonin reuptake inhibitors (SSRIs) as SSRIs increase anxiety in the short-term through enhanced effects on the acquisition and expression of fear conditioning. 

In the same vain, if motivational anhedonia/reward-processing plays a more prominent role in the pathophysiology of MDD in maltreated victims, incorporating behavioral activation strategies with the traditional cognitive-behavioral therapy might be more effective. Additionally, pharmacological agents that target the dopamine system might be more effective than SSRIs.
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Neurofeedback: AMG Downregulation
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Presentation Notes
Also, real-time fMRI neurofeedback training may be used to down-regulate the AMG in the context of potentially threatening stimuli in MDD+MALTX.

The authors investigated whether feedback of the amygdala response to aversive scenes can improve down-regulation of amygdala activation. One group of healthy female participants received amygdala feedback and a control group was presented with feedback from a control region located in the basal ganglia. Subjects completed a one-session rt-fMRI-NF training where they viewed aversive pictures and received continuous visual feedback on brain activation (REGULATE condition). In the control condition, subjects were advised to respond naturally to aversive pictures (VIEW).
In a region of interest (ROI) analysis, the VIEW and the REGULATE conditions were contrasted to estimate success in brain regulation. Feedback from the amygdala but not from the control region was associated with down-regulation of the right amygdala, and more robustly during the REGULATE condition than the VIEW condition. 
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Presentation Notes
In depression without ELA, self-referential negative thinking may be the appropriate target.
Yoshimura 2014: They examined the effects of CBT on brain functioning during self-referential processing in depressive patients. The patients had fMRI scans before and after completing a total of 12 weekly sessions of group CBT for depression. Following CBT, mPFC and ventral or rostral anterior cingulate cortex (vACC) activity during self-referential processing among depressed patients was increased for positive stimuli but decreased for negative stimuli. 
A) Picture and graph displays activation in the mPFC (green region) and parameter estimates for each condition in the three-way interaction. (B) Picture and graph displays activation in the vACC (red region) and parameter estimates for each condition in the three-way interaction.
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In depression without  MALTX, rt-FMRI may be used to down-regulate the ACC in the context of negative referential thinking and/or upregulate the AMG and ACC in the context of positive emotional stimuli.

The authors investigated electrophysiological correlates of the rtfMRI-nf procedure, by combining the rtfMRI-nf with simultaneous frontal EEG recordings. MDD patients in the experimental group (EG) learned to upregulate BOLD activity of the left amygdala using an rtfMRI-nf during a happy emotion induction task. MDD patients in the control group were provided with a sham rtfMRI-nf. Correlations between frontal EEG asymmetry in the upper alpha band and BOLD activity across the brain were examined. Temporal correlations between frontal EEG asymmetry and BOLD activity were significantly enhanced, during the rtfMRI-nf task, for the amygdala and other regions associated with emotion regulation.
The figure shows an illustration of the correlations between BOLD signal in the AMG and frontal EEG activity for the EG. The top plot shows positive temporal correlation between the two during four Happy Memories (H) condition blocks. The lower plot shows lack of correlation between these time courses during four concatenated Count/control (C) condition blocks in the same run.
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Preliminary data suggest that they do.
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Cortisol: 24-Hour (Diurnal) Pattern
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Cortisol levels are at the nadir (lowest point) during sleep; early morning before awakening the levels begin to rise markedly, with highest levels soon after waking. The levels then begin to fall over the course of the day with brief peeks during meals/activity. By late evening (prior to falling asleep) they drop dramatically. This diurnal variation is critical for normal behavioral functioning.


Soclal Support Effects on HPA Axis

A CPS-involved, stayed with birth parents
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In a non-experimental study, Mary Dozier’s group examined diurnal cortisol levels in children who remained with birth parents following the involvement of Child Protective Services (CPS) (green) and children placed in foster care as a result of CPS  involvement (purple). A comparison group of children who never had CPS involvement (blue) was also included. 
CPS-involved children who continued to live with birth parents (green) showed flatter slopes in waking to bedtime cortisol values., whereas CPS-involved children placed in foster care had comparable diurnal cortisol profiles to children who never had CPS involvement (namely low-risk group).  Therefore, foster care may have a regulating influence on cortisol secretion in children who experienced maltreatment.


Summary

« Early-life trauma increases the risk for
depression and other problems

e Trauma Interacts with genetic factors to
Induce neurobiological changes and
Increase risk for psychopathology

* Neurobiological deficits can be altered by
soclal policy and other interventions
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