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ABSTRACT OF THE DISSERTATION 

 

Early Life Adversity and Psychiatric Symptomatology in Late Adolescence: 

Neural, Cognitive and Inflammatory Processes 

 

by 

 

Meghan Lorraine Vinograd 

Doctor of Philosophy in Psychology 

University of California, Los Angeles, 2020 

Professor Michelle Craske, Chair 

 

Early life adversity is associated with increased risk for a range of psychiatric disorders, 

including depression and anxiety disorders. A better understanding of the biological and 

cognitive processes associated with early life adversity may lead to improved prevention and 

intervention efforts. Nusslock and Miller’s neuroimmune network hypothesis proposes that early 

life adversity accentuates cortico-amygdala threat sensitivity and attenuates cortico-basal ganglia 

reward sensitivity both directly and via inflammatory processes, contributing to emotional and 

physical health problems. To test the neuroimmune network hypothesis, the current studies 

examined the associations of fear acquisition, reward anticipation and consumption, and working 

memory with early life adversity, peripheral inflammation and depression and anxiety symptoms 

in a sample of 18- to 19-year-olds. Rather than taking a cumulative risk approach, the current 

studies modeled instances of adversity according to the dimensions of threat and deprivation as 
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proposed by McLaughlin and Sheridan’s dimensional model of adversity and psychopathology. 

Study 1 found that a deprivation adversity composite was significantly associated with neural 

activation in regions of interest during the acquisition phase of a differential fear conditioning 

paradigm, but that this neural activation did not predict subsequent anxiety symptoms. Study 2 

found that the deprivation adversity composite was significantly associated with neural 

activation in the ventral striatum during reward consumption, but that neural activation during 

reward processing did not predict subsequent depressive symptoms. Study 3 found that the threat 

adversity composite was significantly associated with working memory task performance for 

both neutral and negative verbal stimuli, and that slower mean reaction time for a block of mixed 

neutral and negative words predicted lesser subsequent anxiety symptoms. Peripheral 

inflammation was not significantly associated with early adversity, neural activation during fear 

conditioning or reward processing, or working memory. The current studies tested recent 

theoretical models in early life adversity research, providing insight into the neural, cognitive 

and inflammatory processes thought to underlie the association between early adversity and 

psychiatric symptomatology. 
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1 

Introduction 

 

Broadly defined, early life adversity includes negative or traumatic experiences that occur 

during childhood or adolescence. These experiences can range widely with regard to content, 

severity and chronicity. McLaughlin provides a working definition of early life adversity: 

“Exposure during childhood or adolescence to environmental circumstances that are likely to 

require significant psychological, social, or neurobiological adaptation by an average child and 

that represent a deviation from the expectable environment” (2016, p. 363). Crucially, adversities 

are a deviation from normal experience and require the child or adolescent to adapt in some way. 

Using this definition, contextual adversities, like growing up in poverty, as well as maltreatment 

and traumatic events, are all forms of early life adversity. Experiences like divorce or the death 

of a grandparent who is not a primary caregiver would not be adversities under this definition 

because they are relatively normative experiences, although they may be associated with stress 

and require some adjustment on the part of the child. 

Childhood maltreatment, which refers to abuse and neglect collectively, has been the 

primary focus of epidemiological studies. The National Survey of Children’s Exposure to 

Violence found that 15.2% of the 4,000 youth sampled in the United States experienced some 

form of maltreatment in the past year (2013-2014; Finkelhor et al., 2015). Due to underreporting 

of childhood maltreatment, including the possibility that survey non-respondents may have been 

more likely to endorse childhood maltreatment, this figure is likely an underestimate. For the 

federal fiscal year 2018, 9.2 per 1,000 children were investigated for indicated or substantiated 

abuse or neglect in the United States (US Department of Health and Human Services, 2020). The 

National Center for Children in Poverty estimated that 21% of all children in the United States 

live in families with incomes below the federal poverty threshold (Koball & Jiang, 2018). In the 
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United States, the yearly direct cost (including hospitalizations, childhood mental health care, the 

child welfare system and law enforcement) associated with child abuse and neglect has been 

estimated as $33.3 billion and the indirect cost (including special education, early intervention, 

adult homelessness, adult mental and physical health care, juvenile and adult criminal justice, 

and lost work productivity) estimated as $46.9 billion (Gelles & Perlman, 2012). In another 

study, the lifetime economic burden associated with childhood maltreatment was estimated as 

$124 billion for new cases of maltreatment in the year 2008 (Fang et al., 2012). The prevalence 

of and societal cost associated with early life adversity in the United States makes it a significant 

public health problem. 

Early life adversity is associated with increased risk for a range of psychiatric illnesses 

over the life course. Childhood adversities, including maltreatment, economic adversity, and 

parental loss and maladjustment, were strongly associated with onset of anxiety, mood, 

substance use and behavior disorders in a representative sample of U.S. adolescents (McLaughlin 

et al., 2012). A study of the same adversity types revealed that they were also associated with 

onsets of anxiety, mood, substance use and behavior disorders in young- to late-adulthood 

(Green et al., 2010). Childhood adversities have been estimated to explain approximately 28% to 

32% of psychiatric disorder onsets in adolescence, approximately 29% of disorder onsets in early 

adulthood and approximately 26% of disorder onsets in middle-later adulthood (McLaughlin et 

al., 2012; Green et al., 2010). More specifically, childhood maltreatment has been associated 

with increased likelihood of lifetime diagnoses of major depression, bipolar disorder, anxiety 

disorders, posttraumatic stress disorder (PTSD), substance abuse, personality disorders and 

psychoses (Teicher & Samson, 2013). In a meta-analysis of studies from the United States, New 

Zealand and Australia, documented history of childhood maltreatment was associated with an 
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increased odds ratio of 2.03 for major depressive disorder and 2.70 for anxiety disorders (Li et 

al., 2016). Further, individuals with histories of maltreatment and diagnoses of disorders such as 

depression, anxiety disorders, PTSD and substance use disorders experience earlier onset, greater 

symptom severity, more comorbidity, greater suicide risk and poorer treatment response than 

their nonmaltreated peers with the same diagnoses (Teicher & Samson, 2013; Nanni et al., 2012).  

Given the well-established relation between early adversity and psychiatric illness, 

research has increasingly focused on understanding the mechanisms that may underlie this 

association. This area of inquiry is especially important because early adversity is associated 

with poor treatment response. The identification of key mechanisms may contribute to the 

refinement of established interventions or the development of novel interventions to ultimately 

improve treatment outcomes for this population. Nusslock and Miller’s neuroimmune network 

hypothesis (2016) provides a framework for synthesizing the seemingly disparate neural, 

immunological and cognitive effects of early life adversity as related to emotional and physical 

health problems. Their model proposes that early life adversity affects neural regions associated 

with threat sensitivity, reward sensitivity and executive control, as well as immune cells that 

regulate peripheral inflammation. Inflammation is the body’s early response to infection or 

injury. Cells in the immune system communicate via proteins called cytokines, which mediate 

and regulate the inflammatory response. Inflammation can become chronic, even in the absence 

of injury, as evidenced by elevated levels of pro-inflammatory cytokines (e.g., interleukin-6 [IL-

6], IL-8, tumor necrosis factor-) or other markers of inflammation (C-reactive protein) in the 

blood. According to the neuroimmune network hypothesis, early life adversity sensitizes immune 

cells (e.g., monocytes and macrophages), resulting in increased low-grade peripheral 

inflammation via inflammatory cytokine production. Inflammatory cytokines can be transported 
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to the brain via circumventricular organs or at leaky areas of the blood-brain barrier, resulting in 

neuroinflammation. This neuroinflammation is thought to contribute to elevated threat sensitivity 

in cortico-amygdala circuitry and reduced reward sensitivity in cortico-basal ganglia circuitry. 

Therefore, early adversity acts on neural systems supporting threat and reward sensitivity both 

directly and through pro-inflammatory mechanisms (Nusslock & Miller, 2016). Evidence for the 

associations of early life adversity with threat sensitivity, reward sensitivity and executive 

control will be reviewed in Studies 1, 2 and 3, respectively. 

As described by the neuroimmune network hypothesis, meta-analytic studies in humans 

have generally supported the association between early life adversity and elevated levels of pro-

inflammatory cytokines and C-reactive protein (CRP). A recent meta-analysis of pediatric 

samples found significant, albeit small, associations of early adversity with CRP (Fisher’s z = 

.07) and IL-6 (z = .17; Kuhlman et al., 2020). Further, a meta-analysis of adults with histories of 

childhood maltreatment found evidence for significantly elevated peripheral levels of CRP (z = 

.10), IL-6 (z = .08) and tumor necrosis factor- (0.23), though again, effects were small 

(Baumeister et al., 2016). Importantly, not all studies have found evidence for an association 

between early adversity and peripheral inflammation (Coelho et al., 2014) and there is significant 

between-study methodological heterogeneity, which limits conclusions about the nature of these 

effects (Kuhlman et al., 2020).  

Research on the psychological effects of early life adversity has historically taken one of 

two approaches: examining adversity types in isolation (e.g., sexual abuse, neglect) or a 

cumulative risk approach, in which the additive effect of multiple types of adversity on outcomes 

is examined (Sheridan & McLaughlin, 2020). Measuring early adversity in these ways, however, 

does not allow one to test the relative effects of different forms of adversity on classes of 
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psychiatric illness. The cumulative risk approach in particular focuses on the amount of 

exposure, rather than the type of exposure (Evans et al., 2013). Additionally, the cumulative risk 

approach relies on the concept of allostatic load, which occurs when physiological changes 

associated with frequent adaptations to one’s environment have long-term negative consequences 

(McEwen, 1998). The more one has to adapt using the stress-response system, in response to 

adverse experiences for example, the greater the negative effects for the individual. The allostatic 

load model, however, does not explain the full range of outcomes associated with early 

adversity, including disturbances in cognitive and social development (McLaughlin & Sheridan, 

2016) and does not take the importance of neural plasticity via learning processes into account 

(Sheridan & McLaughlin, 2020). 

In response to these limitations, McLaughlin and Sheridan proposed the dimensional 

model of adversity and psychopathology (DMAP; Sheridan & McLaughlin, 2014; McLaughlin 

& Sheridan, 2016). In this model, adversities are positioned along the dimensions of threat and 

deprivation. According to the authors, threat is defined as “the presence of an atypical (i.e., 

unexpected) experience characterized by actual or threatened death, injury, sexual violation, or 

other harm to one’s physical integrity” (Sheridan & McLaughlin, 2014, p. 580). Adversities high 

on the dimension of threat include physical and sexual abuse, as well as domestic and 

community violence. Deprivation is defined as “the absence of expected environmental inputs in 

cognitive (e.g., language) and social domains as well as the absence of species- and age-typical 

complexity in environmental stimulation” (Sheridan & McLaughlin, 2014, p. 580). Adversities 

high on the dimension of deprivation include institutionalization and physical neglect. Poverty in 

childhood and adolescence represents an adversity at the intersection of threat and deprivation. A 

growing body of research, primarily from the DMAP authors’ research groups, has found 
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evidence for differential effects of threat and deprivation adversities on outcomes important to 

psychopathology, including fear conditioning, reward processing and cognitive control (Machlin 

et al., 2019; Dennison et al., 2017; Lambert, King, et al., 2017; Sheridan & McLaughlin, 2020). 

Crucially, the authors argue that both dimensions should be measured and included in the same 

statistical models in order to test for specificity effects (Sheridan & McLaughlin, 2014; 

McLaughlin, 2016). 

The three current studies sought to test both the neuroimmune network hypothesis and 

the DMAP as related to mood and anxiety symptom outcomes. As an index of threat sensitivity, 

Study 1 examined neural activation in a priori regions of interest during the fear acquisition 

phase of a Pavlovian differential fear conditioning task. As an index of reward sensitivity, Study 

2 examined neural activation in a priori regions of interest during the reward anticipation and 

consumption phases of a monetary reward task. Finally, as an index of executive control, Study 3 

examined working memory using an affective N-back task. Uniting the two models, it was 

hypothesized that the dimension of threat adversity would relate to heightened threat sensitivity, 

whereas the dimension of deprivation adversity would relate to reduced reward sensitivity and 

executive control (Sheridan & McLaughlin, 2020). 

The current studies expand upon the existing literature in three important ways. First, 

each study tested aspects of the neuroimmune network hypothesis by examining the effects of 

early life adversity on threat sensitivity (Study 1), reward sensitivity (Study 2) and executive 

control (Study 3), as well as the associations between peripheral inflammation and each of these 

processes. The neuroimmune network hypothesis is still primarily conceptual in nature and 

directly testing the model was an important step. Second, the models in each study also included 

dimensional mood and anxiety symptom factors as longitudinal outcomes. The neuroimmune 
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network hypothesis is proposed as a mechanistic explanation of the association between early 

adversity and mental and physical health problems broadly, but mood and anxiety pathology is 

not explicitly incorporated into the model (Nusslock & Miller, 2016; Hostinar et al., 2018). 

Third, each study modeled early adversity along the dimensions of threat and deprivation, and 

both factors were included simultaneously in order to test for the two dimensions’ specific 

associations with threat sensitivity, reward sensitivity and executive control. 
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Study 1:  Associations between early life adversity, neural correlates of differential fear 

conditioning, inflammation and psychiatric symptomatology in late adolescence 

 

Individuals with histories of early life adversity are at increased risk for anxiety disorders 

in adolescence (McLaughlin et al., 2012; Scott et al., 2010) and adulthood (Green et al., 2010; 

Spinhoven et al., 2010; Cougle et al., 2010). Heightened threat sensitivity has been proposed as a 

possible mechanism underlying the association between early adversity and risk for 

psychopathology (Nusslock & Miller, 2016; McLaughlin et al., 2020), and studies have found 

evidence for differences in how individuals with histories of early life adversity process and 

respond to threatening stimuli. Typically, children and adults with maltreatment histories 

demonstrate selective attention to and difficulty disengaging from threat-related visual and 

auditory stimuli, including faces (Pechtel & Pizzagalli, 2011; Jaffee, 2017), though other studies 

have demonstrated the opposite — that individuals with histories of maltreatment avoid 

threatening stimuli (e.g., Pine et al., 2005; Fani, et al., 2011). These discrepant findings may be 

in part due to the inclusion of individuals with diagnoses of posttraumatic stress disorder (PTSD) 

in some of the studies that have found evidence for avoidance of threatening stimuli (Jaffee, 

2017), as avoidance is a diagnostic feature of PTSD (American Psychiatric Association, 2013).  

More recently, studies have used fear conditioning paradigms to assess threat processing 

among individuals with histories of adversity. During the acquisition phase of single cue 

Pavlovian conditioning paradigms, a neutral stimulus (CS) that is repeatedly paired with an 

aversive stimulus (US) elicits a conditional response (CR). In differential conditioning, two or 

more CS are presented, one that is paired with the US (CS+) and one that is not paired with the 

US (CS-). Fear responding can be measured via self-reported expectancy ratings of US 

likelihood, physiological indices such as skin conductance response and neural activation in 
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brain regions thought to underlie fear processing. The relative fear response to the CS+ versus 

the CS- during fear acquisition is a measure of discrimination between cues that signal threat and 

safety, respectively. 

One study found that children ages 4-5 years old with high levels of threat-related 

experiences (violence exposure and physical abuse), but not deprivation exposure, demonstrated 

greater physiological differentiation between the CS+ and CS- during early fear acquisition 

compared to children with lower levels of threatening experiences (Machlin et al., 2019). 

Children with lower levels of threatening experiences demonstrated a more normative pattern, in 

which ability to differentiate between CS+ and CS- improved with age (Machlin et al., 2019). A 

second study found that children and adolescents with histories of physical abuse, sexual abuse 

or domestic violence exposure did not exhibit differential skin conductance response (SCR) to 

the CS+ versus the CS- during early conditioning trials (McLaughlin et al., 2016). The equivocal 

magnitude of fear responding suggests that these participants were unable to distinguish between 

safety and danger cues. Importantly, this study did not explicitly measure or adjust for 

deprivation exposure. To explain the seemingly discrepant findings between these two studies, 

the authors posit that experiences of threat in early childhood may accelerate development of fear 

learning through neural changes, but that repeated exposure to unpredictable threat throughout 

childhood may contribute to the lack of differentiation between danger and safety cues seen in 

older children and adolescents (Machlin et al., 2019). Additionally, both previously 

institutionalized youth and comparison youth demonstrated behavioral CS+/CS- discrimination, 

though this study did not explicitly measure or adjust for threat exposure (Silvers et al., 2016). 

These studies suggest that early adversity is associated with altered patterns of differential fear 



 

 

 

10 

conditioning, though further research is needed to continue clarifying the nature of the effects of 

threat versus deprivation adversities. 

The neural correlates of fear conditioning overlap with many of the brain regions 

impacted by early life adversity. First, the amygdala has long been proposed as a key region for 

fear learning (Phillips & LeDoux, 1992; Knight et al., 2004; Milad et al., 2014), though a recent 

meta-analysis of functional MRI studies did not find evidence for amygdala activation during 

fear acquisition (Fullana et al., 2016). Evidence suggests that the amygdala is highly vulnerable 

to the effects of early life adversity, in part because of the presence of glucocorticoid receptors in 

the region (Tottenham & Sheridan, 2010; Tyrka et al., 2013; Teicher & Samson, 2016). It has 

been proposed that early life adversity exposure may initially correlate with increased amygdala 

volume among children (though see Hanson, Nacewicz, et al., 2015), while late adolescence and 

adulthood is often characterized by reduced amygdala volume among these individuals (Teicher 

& Samson, 2016; McLaughlin et al., 2016). Additional studies have reliably found enhanced 

amygdala reactivity to emotional faces among children and adults with histories of maltreatment 

broadly (Teicher & Samson, 2016; Dannlowski et al., 2013; Cohen et al., 2006; McLaughlin & 

Lambert, 2017), as well as institutionalization (Tottenham et al., 2011) and familial violence 

(McCrory et al., 201l) more specifically. Amygdala activation during viewing of threatening 

versus positive stimuli was associated with greater anxiety among previously institutionalized 

children and adolescents but not comparison youth (Silvers et al., 2017). Finally, greater 

amygdala activation during processing of fearful and angry faces mediated the relation between 

emotional maltreatment in childhood and anxiety symptoms in adulthood (Fonzo et al., 2016). 

These findings suggest that amygdala activation during threat processing may underlie the 

relation between early adversity and anxiety pathology. 
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The hippocampus is also associated with both fear learning (Knight et al, 2004; Lau et al., 

2011), specifically deactivation during differential fear conditioning (CS+ < CS-; Fullana et al., 

2016), and early life adversity. Similar to the amygdala, the hippocampus has a high density of 

glucocorticoid receptors and is thus sensitive to the effects of stress-induced hypothalamic-

pituitary-adrenal axis activity (Tottenham & Sheridan, 2010; Hoeijmakers et al., 2015). History 

of early adversity was associated with smaller right hippocampal volume among adolescents 

(Rao et al., 2010), and history of childhood maltreatment was associated with stunted right 

hippocampal development across adolescence and young adulthood (Paquola et al., 2017). More 

specifically, children with histories of physical abuse or from low socioeconomic status 

households had smaller hippocampal volumes than comparison children (Hanson, Nacewicz, et 

al., 2015). Previously institutionalized youth and comparison youth both demonstrated greater 

amygdala activation to the CS+ versus the CS-, but the previously institutionalized youth 

demonstrated greater recruitment of the hippocampus than the comparison group (CS+ versus 

CS-; Silvers et al., 2016). Children exposed to violence demonstrated reduced hippocampal 

activation during the encoding phase of associative learning, including when viewing angry faces 

paired with neutral objects (Lambert, Sheridan, et al., 2017; Lambert et al., 2019). Finally, 

reduced left hippocampal volume mediated the relation between childhood maltreatment and 

trait anxiety in adulthood (Gorka et al., 2014). These studies suggest that early adversity impacts 

hippocampal structure and function, though additional research is needed to characterize 

functioning during threat processing and associations with anxiety pathology. 

Although less well characterized in the context of early life adversity than the amygdala 

and hippocampus, the anterior insula and cortical regions including the ventromedial prefrontal 

cortex, subgenual anterior cingulate cortex and dorsal anterior cingulate cortex are also 
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implicated in early life adversity and fear conditioning. The anterior insula and dorsal anterior 

cingulate cortex (dACC) reliably show greater activation to the CS+ than the CS- during 

differential conditioning, while the ventromedial prefrontal cortex (vmPFC) and subgenual 

anterior cingulate cortex (sgACC) are consistently deactivated (CS+ < CS-; Fullana et al., 2016). 

Children with histories of familial violence demonstrated greater bilateral anterior insula 

activation when viewing angry faces in contrast to neutral faces than comparison children 

(McCrory et al., 2011) and greater levels of childhood maltreatment predicted greater right insula 

activation when viewing sad versus neutral faces among adults (Dannlowski et al., 2013). 

Several studies have demonstrated reduced volume or thickness of vmPFC in children with 

histories of high-threat adversities (McLaughlin et al., 2014; McLaughlin et al., 2016). Early life 

stress was associated with smaller anterior cingulate cortex volume in a sample of adults (Cohen 

et al., 2013) and traumatic life events were associated with greater sgACC activation during 

processing of sad faces in a sample of children (Suzuki et al., 2014). In sum, there is 

considerable overlap between many of the neural regions implicated in fear conditioning and 

those affected by early life adversity. The current study examined direct associations between 

multiple forms of early life adversity and patterns of neural activation during differential fear 

conditioning, an important extension of the existing literature.  

Finally, the neuroimmune network hypothesis posits that peripheral inflammation 

accentuates the cortico-amygdala circuitry underlying threat sensitivity via cytokines that cross 

the blood-brain barrier (Nusslock & Miller, 2016; see also Ganguly & Brenhouse, 2015). 

Multiple studies have found associations between inflammatory activity and neural activation 

during threat processing. Higher peripheral C-reactive protein (CRP) levels were associated with 

higher threat-related amygdala activity during an emotional face-matching task for young adult 
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men, but not women (Swartz et al., 2017). Participants who were administered endotoxin 

demonstrated greater amygdala activity to socially threatening images (fearful faces) as 

compared to non-socially threatening, socially non-threatening, and non-socially non-threatening 

images (Inagaki et al., 2012). Increases in interleukin-6 (IL-6) following a social laboratory 

stressor were associated with greater threat-related amygdala activity during the stressor 

(Muscatell et al., 2015). Finally, circulating IL-6 partially mediated the relation between 

childhood physical abuse and resting-state amygdala-vmPFC activation (Kraynak et al., 2019). 

These results lend support to the neuroimmune network hypothesis, but importantly, none of 

these studies examined the relations between peripheral inflammation and neural activation 

during fear conditioning, a key index of threat sensitivity. 

The current study examined the effects of early life adversity on neural activation during 

fear conditioning, as well as associations of neural activation during fear conditioning with 

peripheral inflammation, depressive symptoms and anxiety symptoms in a sample of late 

adolescents. In line with the dimensional model of adversity and psychopathology, it was 

hypothesized that a threat adversity composite, but not a deprivation adversity composite, would 

be associated with neural activation in the amygdala, hippocampus, anterior insula, vmPFC, 

sgACC and dACC during the acquisition phase of a differential fear conditioning paradigm. It 

was also hypothesized that neural activation during fear conditioning would significantly 

mediate the relation between the threat adversity composite and anxiety symptoms, but not the 

threat composite and depressive symptoms, given the role of aberrant fear learning processes 

among anxious adolescents and those with elevated trait anxiety (Lau et al., 2008; Haddad et al., 

2015; Britton et al., 2013; Shechner et al., 2014; Staples-Bradley et al., 2016). Finally, in line 

with the neuroimmune network hypothesis, it was hypothesized that peripheral inflammation 
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would mediate the relation between the threat adversity composite and neural activation in the 

regions of interest during fear acquisition. 

Method 

Participants 

Participants were part of a longitudinal project called the Brain Motivation and 

Personality Development (BrainMAPD) Study, a collaboration between research groups at 

University of California, Los Angeles and Northwestern University. Participants were 18 to 19 

years old when they initially enrolled in the study. They were recruited using flyers posted on 

university campuses and in the surrounding communities. Rather than selecting participants 

based on the presence of specific psychiatric disorders or symptom profiles, the BrainMAPD 

Study sampled individuals along the continua of negative and positive affect to align with the 

National Institute of Mental Health’s Research Domain Criteria initiative (Cuthbert & Kozak, 

2013). The twelve-item neuroticism scale of the revised Eysenck Personality Questionnaire 

(EPQ-R-N; Eysenck & Eysenck, 1975) was used to measure levels of neuroticism, an index of 

negative affect (Rusting & Larsen, 1997). The EPQ-R-N includes items such as “Does your 

mood often go up and down?” and “Do you worry about awful things that might happen?,” to 

which participants respond “yes” or “no.” A reliability generalization study found that the 

coefficient alpha values for the EPQ-N and EPQ-R-N ranged from .69 to .97 across 69 samples 

from 44 studies (Caruso et al., 2001). The Behavioral Activation Scale of the Behavioral 

Inhibition Scale/ Behavioral Activation Scale (BIS/ BAS; Carver & White, 1994) was used to 

assess positive affect. The BAS scale includes 13 items and assesses short-term reward and 

punishment sensitivity. It asks respondents to rate how much they agree with statements on a 4-

point Likert scale (1 = “very true for me” to 4 = “very false for me”), and includes statements 
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such as “When I get something I want, I feel excited and energized” and “When good things 

happen to me, it affects me strongly.” The BIS/ BAS has demonstrated acceptable convergent 

and discriminant validity (Carver & White, 1994). A total of 2,461 individuals completed the 

screening measures. 

Exclusion criteria for the BrainMAPD Study included past or current psychotic or manic 

symptoms, left-handedness, claustrophobia and metal implants due to the project’s use of MRI 

procedures, and plans to move out of the Los Angeles or Chicago areas within the following 

three years, due to the longitudinal design of the study. At baseline (T1), participants completed 

an early life adversity interview, a two-day MRI scanning procedure, a blood draw, cognitive 

tasks and psychiatric symptom measures over the course of several study visits. At T2, 

participants completed the same psychiatric symptom measures. Participants were scheduled to 

complete T1 and T2 study visits on a 10-month schedule, although scheduling conflicts led to 

inter-participant variability in the interval between points of measurement. 

Measures 

Early Life Adversity 

Early life adversity was measured using the Childhood Trauma Interview (CTI; Fink et 

al., 1995), a semi-structured interview that is used to assess childhood and adolescent adversity 

retrospectively. The CTI was administered at T1 over the telephone by a trained interviewer after 

obtaining informed consent. Using standardized prompts, interviewers queried participants about 

six domains of adversity from birth through the age of 18 years: separations from or loss of a 

caregiver, caregiver neglect, emotional abuse, physical abuse, witnessing violence, and sexual 

abuse and assault. For each adversity endorsed, interviewers gathered brief information on the 

nature of the adversity, the age at which it began and ended, and the frequency if it occurred 
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more than once. Using this information, interviewers rated the severity of each adversity on a 

scale from 1 (minimal or mild) to 6 (very extreme, sadistic). Thus, the CTI is designed to elicit 

reports of a full range of adversities and not only traumatic events, which suggests more severe 

events. Instances of adversity were counted as separate based on each caregiver or perpetrator, 

and multiple instances per caregiver or perpetrator were counted as separate if the nature of the 

instances were qualitatively different. A manual with over 260 coding examples was used to 

guide interviewers in making severity ratings.  

A novel scoring system for the CTI was developed using data from the Youth Emotion 

Project (YEP), a previous longitudinal study conducted by research groups at UCLA and 

Northwestern University (Vrshek-Schallhorn et al., 2014). In one summary index, the sum of 

severity scores is calculated for each domain of adversity. For example, if a participant 

experienced three physical abuse events with severity scores of 2, 3, and 4, the summed severity 

score for physical abuse for that individual would be 9. This scoring system yields dimensional 

severity measures for each adversity domain, rather than dichotomous measures of the presence 

or absence of a particular early life stressor. Vrshek-Schallhorn and colleagues (2014) 

demonstrated that greater scores on this summary index were significantly associated with 

increased risk for first onsets of major depressive disorder and anxiety disorders in the YEP 

sample. In order to test the dimensional model of adversity and psychopathology (Sheridan & 

McLaughlin, 2014; McLaughlin & Sheridan, 2016), total severity scores for each dimension 

(threat: emotional abuse, physical abuse, witnessing violence, and sexual abuse and assault; 

deprivation: separations from or loss of a caregiver and caregiver neglect) were modeled. 

Further, exploratory associations between the individual adversity domains and the other study 

variables were also examined in order to test the specificity of the DMAP.   
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Peripheral Inflammation 

T1 blood draws were completed at the UCLA-Westwood Clinical and Translational 

Research Center and the Northwestern Affective and Clinical Neuroscience Laboratory. A 30ml 

sample of blood was collected by a trained phlebotomist via venipuncture into a serum 

separation tube (SST). These samples were centrifuged at 1200 rpm for 10 minutes one to two 

hours after blood sampling to separate serum. Serum was then stored in four 0.5 mL micro-

centrifuge tubes via aliquot, and any remainder was stored in a 1.5 mL micro-centrifuge tube. 

For participants at Northwestern University, serum samples were stored at -20 degrees Celsius 

for the first year and -80 degrees Celsius after the first year. For participants at UCLA, serum 

samples were stored at -20 degrees Celsius and then shipped to the Northwestern University 

Foundations of Health Research Center for assay and long-term storage. To measure circulating 

inflammatory cytokines, aspirated serum was assayed in duplicate with MSD Meso Scale 

Discovery Human ProInflammatory 7-Plex Base Kits. Four inflammatory cytokines were 

assayed: IL-6, interleukin-8 (IL-8), interleukin-10 (IL-10) and tumor necrosis factor- (TNF-). 

The intra-assay coefficients of variation were 3.46% (IL-6), 1.98% (IL-8), 3.27% (IL-10), and 

2.84% (TNF-), and the inter-assay coefficients of variation were 9.71% (IL-6), 4.54% (IL-8), 

9.61% (IL-10), and 8.99% (TNF-). CRP was measured in duplicate by high-sensitivity 

immunoturbidimetric assay on a Roche/Hitachi cobas c502 analyzer. The average intra- and 

inter-assay coefficients of variation for CRP were 2.5% and 5.6%, respectively. 

Studies of peripheral inflammation as related to psychological constructs often exclude 

individuals with CRP levels greater than 10mg/L, although this exclusion criterion has recently 

been called into question (Mac Giollabhui et al., 2020). In the current study, eight participants 

had CRP levels greater than 10mg/L. Of these, one participant also had elevated levels of IL-6, 
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IL-8, IL-10 and TNF-, as well as reported current sore throat. This individual’s data was 

excluded from all analyses due to possible illness. The levels of the other inflammatory markers 

were within normal range for the other seven participants, and as such, their data was retained. 

An inflammation composite score (ICS) was calculated in order to assess overall inflammatory 

activity (Miller et al., 2014; Finegood et al., 2020). The five individual markers were log-

transformed to correct for skewness and kurtosis, and these values were then standardized and 

averaged to generate the ICS. Given meta-analytic findings of associations between early 

adversity and inflammatory markers in child and adolescent samples (Kuhlman et al., 2020), the 

associations of CRP and IL-6 with other study variables were also examined 

Mood and Anxiety Symptomatology 

At both T1 and T2, participants completed self-report measures of mood and anxiety 

symptomatology. Participants completed specific items from existing measures based on the tri-

level model developed for YEP (Prenoveau et al., 2010). In the tri-level model for the 

BrainMAPD Study, there is a broad general factor (General Distress), two intermediate factors 

(Anhedonia-Apprehension and Fears), seven narrow factors (Social Fears, Anxious Arousal, 

Interoceptive/Agoraphobia Fears, Specific Fears, Narrow Depression, Obsessive-Compulsive 

Symptoms and Worry), and six very narrow factors all related to obsessive-compulsive 

symptoms (Washing Rituals, Obsessive Thoughts, Hoarding, Order, Checking and Neutralizing). 

Factors are orthogonal to one another and therefore can be examined in isolation. The Fears 

factor captures what is common to social fears, anxious arousal, interoceptive/agoraphobia fears, 

specific fears, obsessive-compulsive symptoms and worry but that is independent of General 

Distress and Anhedonia-Apprehension. Anhedonia-Apprehension captures what is common to 

positive affect/anhedonia and apprehension but that is independent of General Distress and 
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Fears. T2 factor scores for General Distress, Fears and Anhedonia-Apprehension were used as 

the outcomes of interest. 

Fear Conditioning 

As an index of threat sensitivity, the current study used a differential Pavlovian fear 

learning task that has been used in prior studies of both healthy and anxious participants (Milad 

et al., 2007; Milad et al., 2009). This slow event-related fMRI paradigm consisted of four phases: 

habituation, fear acquisition, fear extinction, and fear extinction recall. Participants completed 

the fear habituation, fear acquisition and fear extinction phases on the first day of scanning. In 

most cases, participants returned 24-48 hours later to complete the fear extinction recall phase. 

Fear acquisition was the phase of interest in the current study. 

During fear acquisition, participants viewed images of two CS+ (conditional stimuli 

paired with an electric shock, one stimulus was extinguished during the fear extinction phase) 

and one CS- (conditional stimulus not paired with electric shock). Images were photographs of 

offices or conference rooms (context) with different colored lights (red, yellow or blue) as 

conditional stimuli. The context and color order were counterbalanced across participants. 

During each trial, participants viewed the context image (3000ms), followed by the context and 

CS, where the light appears to “turn on” in the photograph (6000ms). There were 32 trials in 

total: 8 trials of each CS+ and 16 trials of the CS-. For each CS+, 5 out of 8 trials (randomized 

across participants) were followed immediately by a mild electric shock. Inter-trial intervals 

varied from 12000 to 18000ms, with a mean of 15000ms, and included a jitter of 125ms per trial 

to reduce slice timing bias. After the fear acquisition phase, participants were shown both CS+ 

and the CS- one at a time and asked to verbally indicate how likely it would be that they would 

receive an electric shock if they saw the given image again (not at all likely, moderately likely or 
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extremely likely). Participants in the BrainMAPD Study with useable fear acquisition data (N = 

229) demonstrated a significant difference in self-reported contingency awareness following 

acquisition (adjusting for sex, site and task version), such that participants rated a higher 

likelihood of receiving a shock following the CS+ compared to the CS- (Young et al., under 

review).   

The unconditional stimulus in this paradigm was an electric shock delivered via two 

electrodes placed one to two inches apart on the participant’s left bicep. Shocks consisted of 10 

pulses of 1 millisecond pulse duration, delivered at a frequency of 20 Hertz. Shocks were 

delivered using a DS7a constant current high voltage stimulator (Digitimer Ltd., England) at 

UCLA and using a STMISOC constant voltage stimulator (Biopac Systems Inc., United States) 

at Northwestern University. Participants completed a shock work-up procedure prior to the first 

MRI scan session in which the appropriate level of shock was calibrated for each participant. 

Participants received shocks at progressively increasing magnitudes and were asked to rate their 

discomfort on a 1 (“not at all painful”) to 10 (“most pain imaginable”) scale. Participants were 

instructed that we aimed to reach a level that was “uncomfortable but not painful, and took some 

effort to tolerate,” corresponding to a rating of 6 or 7. Participants also received a single shock 

after going into the scanner in order to ensure that the shock level was the same as previously 

calibrated and the shock level was adjusted as necessary. 

Image Acquisition and Processing 

 Data were acquired on Prisma 3.0 Tesla whole-body scanners using 64-channel head 

coils (Siemens Medical Systems, Iselin, New Jersey) at the UCLA Ahmanson-Lovelace Brain 

Mapping Center and the Northwestern University Center for Translational Imaging. High 

resolution structural images (T1-weighted) were acquired using a magnetized prepared rapid 
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acquisition gradient echo (MPRAGE) sequence containing 0.8mm isotropic voxels, TR/TE/flip 

angle= 2300ms/2.99ms/7°, FOV= 256mm2, 208 slices. Blood oxygenation level-dependent 

(BOLD, T2*-weighted) functional images were acquired parallel to the AC-PC line using 

Siemens’ AutoAlign function, containing 2mm isotropic voxels, TR/TE/flip angle= 

2000ms/25ms/80°, FOV= 208mm2, 64 slices, 380 volumes (per task phase). 

 Raw dicom files were converted to NIFTI format using dcm2nii (MRIcroN). Data were 

processed and analyzed using FSL (FMRIB’s Software Library). Structural data were corrected 

for spatial intensity variations (bias field correction) using FAST (FMRIB’s Automated 

Segmentation Tool; Zhang et al., 2001) and brain extraction was performed using the optiBET 

tool (Optimized Brain Extraction; Lutkenhoff et al., 2014). Functional data were first assessed 

for outlier volumes (75th percentile + 1.5 times interquartile range) based on framewise 

displacement (average of rotation and translation parameter differences, using weighted scaling 

(Power et al., 2012) as implemented in the fslmotionoutliers function (FMRIB’s Software 

Library). Runs with >10% outliers were not included in group analyses. Outlier volumes were 

subsequently censored in first level analyses by including a regressor with a single time point 

corresponding to each outlying volume. Functional data were brain extracted using BET (Brain 

Extraction Tool, FSL; Smith, 2002) and bias field corrected using N4BiasFieldCorrection, run 

twice (ANTS registration suite; Tustison et al., 2010).  

FMRI data processing was carried out using FEAT (FMRI Expert Analysis Tool, Version 

6.00), part of FSL. Registration to high resolution structural space images was carried out using 

FLIRT (Jenkinson et al., 2002; Jenkinson & Smith, 2001). Registration from high resolution 

structural to standard space was then further refined using FNIRT nonlinear registration 

(Andersson et al., 2007a; Andersson et al., 2007b). The following pre-statistics processing was 
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applied: motion correction using MCFLIRT (Jenkinson et al., 2002), slice-timing correction 

using Fourier-space time-series phase-shifting, spatial smoothing using a Gaussian kernel of 

FWHM 4.0mm, grand-mean intensity normalization of the entire 4D dataset by a single 

multiplicative factor and high-pass temporal filtering (0.01 Hertz) to remove low frequency 

artifacts. First-level analyses for the fear acquisition phase included the regressors of interest 

(context, CS+, CS- and shock) and temporal derivatives, six motion regressors and additional 

regressors to censor outlying volumes. Time-series statistical analysis was carried out using 

FILM with local autocorrelation correction (Woolrich et al., 2001).  

Region of Interest Analyses 

Region of interest (ROI) data were extracted for various a priori regions. Anatomical 

ROIs were created using the Harvard-Oxford probabilistic atlas (distributed with FSL), masks 

were thresholded at >50% probability and binarized for: left and right amygdala, left and right 

hippocampus, left and right anterior insula (Harvard-Oxford masks of insular cortex, bounded 

caudally at y = 8 [MNI space]; Way et al., 2009), subgenual anterior cingulate cortex (sgACC), 

and dorsal anterior cingulate cortex (dACC; Harvard-Oxford mask, bounded rostrally at y = 0-36 

and ventrally at z = 40 [MNI space]; Way et al., 2009). A functionally-defined ventromedial 

prefrontal cortex (vmPFC) ROI was defined using second-level analyses from the BrainMAPD 

Study data (CS- > CS+ during Fear Acquisition). Data extraction was performed by first 

registering each ROI mask into subject space. Transformation matrices from whole brain 

registration were used to generate sets of subject-specific ROIs using FLIRT (FSL), which were 

subsequently thresholded at 0.5 and re-binarized. The command FSLSTATS was then used to 

extract the mean z-statistic for each ROI for each subject. The primary contrast of interest in the 

current study was CS+ > CS-. 
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Data Analysis 

Analyses were conducted using SPSS Version 25 and Mplus Version 8.1. Analyses 

proceeded in a stepped fashion, in which associations between pairs of variables of interest were 

first tested using linear regression models using full-information maximum likelihood 

estimation. First, z-statistics representing neural activation in the bilateral amygdala, bilateral 

hippocampus, bilateral anterior insula, vmPFC, sgACC and dACC during fear acquisition (CS+ 

> CS-) were regressed on early life adversity severity scores for the threat composite1, 

deprivation composite and individual domains of adversity (separation of/loss from caregiver, 

caregiver neglect, emotional abuse, physical abuse, and witnessing violence). Second, T2 Fears, 

Anhedonia-Apprehension and General Distress were regressed on the early life adversity 

variables. Third, the inflammation composition score, CRP and IL-6 were regressed on the early 

life adversity variables. Finally, for those regions of interest that were significantly associated 

with early life adversity, associations between the ROIs and the inflammatory markers, as well as 

associations between the ROIs and T2 symptomatology, were tested. In keeping with suggested 

practice for tests of the DMAP (Sheridan & McLaughlin, 2020), the dimensions of threat and 

deprivation adversity were always modeled simultaneously in order to control for the effect of 

the other dimension, while individual domains of adversities were modeled independently. All 

dependent variables were entered simultaneously in order to control the false positive rate and 

covariances were manually set to zero for dependent variables that were not significantly 

correlated. Sex was included as a covariate in all models, site and task version were included as 

covariates in models including fMRI data, and race and BMI were included as covariates in 

models using the inflammatory markers. Covariances were manually set to zero for all covariates 

 
1Sexual abuse/assault was included in the threat composite but was not modeled individually, as only 9.5% of the 

sample endorsed experiences of sexual abuse/assault 
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of non-interest. Tests of mediation using percentile bootstrapping (10,000 resamples) proceeded 

when there was a significant association between predictor and mediator (‘a’ path; early 

adversity to neural activation during fear conditioning or early adversity to peripheral 

inflammation) and mediator and outcome (‘b’ path; neural activation during fear conditioning to 

T2 symptomatology or peripheral inflammation to neural activation during fear conditioning; 

MacKinnon et al., 2012; Fairchild & McDaniel, 2017). 

 

 

 

 

 

 

 

Figure 1. Proposed Study 1 model. 

Results 

Descriptives 

A total of 315 (52.4% Northwestern University site) participants in the BrainMAPD 

Study had scored data on the CTI. This sample of 315 participants was 67% female and 33% 

male; 31.7% identified as White, 30.2% as Asian, 19.4% as Hispanic, 8.9% as Black, 7.6% as 

Multiracial, 1.9% as Native American, and 0.3% refused to identify. Of these, 225 had useable 

fMRI fear conditioning data, 228 had useable blood draw data and 251 completed the T2 

symptomatology measures. Table 1 presents descriptive statistics for the CTI, inflammation 

markers and T2 factor scores, Table 2 presents descriptive statistics for the fear conditioning 

task, Table 3 presents bivariate correlations between the inflammation variables, and Table 4 

presents bivariate correlations between key Study 1 variables.  
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Table 1.  

Descriptive Statistics for Cross-Study Measures 

 Mean (Std. Dev) Range 

Childhood Trauma Interview (N= 315)   

   Threat Severity 7.15 (6.29) 0-39 

      Emotional Abuse Severity 3.57 (3.42) 0-22 

      Physical Abuse Severity 2.07 (2.62) 0-15 

      Witnessing Violence Severity 1.22 (2.20) 0-11 

      Sexual Abuse/Assault Severity 0.29 (1.00) 0-6 

   Deprivation Severity 4.73 (4.36) 0-28 

      Separation/Loss Severity 2.78 (3.08) 0-17 

      Caregiver Neglect Severity 1.96 (2.35) 0-22 

Inflammation (N = 228)   

   Inflammation Composite Score .0043 (.56) -1.52-1.50 

      Interleukin-6 (raw) .89 (.82) .06-5.86 

      Interleukin-8 (raw) 7.10 (4.37) 2.02-55.75 

      Interleukin-10 (raw) 1.81 (3.01) .58-34.53 

      Tumor Necrosis Factor- (raw) 4.04 (.94) 1.87-7.29 

      C-reactive protein (raw) 1.69 (2.65) 0.1-18.1 

      Interleukin-6 (log-transformed) -.39 (.70) -2.86-1.77 

      Interleukin-8 (log-transformed) 1.86 (.41) .70-4.02 

      Interleukin-10 (log-transformed) .33 (.53) -.55-3.54 

      Tumor Necrosis Factor- (log-transformed) 1.37 (.23) .63-1.99 

      C-reactive protein (log-transformed) -.36 (1.31) -2.30-2.90 

T2 Symptom Factors (N = 251)   

   General Distress .034 (.915) -2.33-2.57 

   Fears .0043 (.871) -2.35-2.59 

   Anhedonia-Apprehension -.014 (.893) -2.38-2.70 
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Table 2. 

Descriptive Statistics for Fear Conditioning Task 

Z-Statistic (CS+ > CS-, N = 225) Mean (Std. Dev) Range 

   Left Amygdala -.30 (.547) -2.45-1.16 

   Right Amygdala -.32 (.537) -2.33-.99 

   Left Hippocampus -.39 (.503) -2.14-.84 

   Right Hippocampus -.39 (.498) -2.36-.94 

   Left Anterior Insula .26 (.690) -1.78-2.66 

   Right Anterior Insula .25 (.648) -1.49-2.46 

   Ventromedial Prefrontal Cortex -.74 (.945) -4.49-2.61 

   Subgenual Anterior Cingulate Cortex -.29 (.498) -2.49-1.29 

   Dorsal Anterior Cingulate Cortex .35 (.701) -1.62-2.44 
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Table 3.  

  Bivariate Correlations Between Inflammation Variables 

Note. ICS = Inflammation Composite Score; IL = Interleukin; TNF = Tumor Necrosis Factor; CRP = C-reactive protein; BMI = Body Mass Index; * p <.05; ** p 

<.01.  

 

 

 

   1 2 3 4 5 6 7 8 9 10 11 12 

1. ICS 
            

2. IL-6 (raw) .59** 
           

3. IL-8 (raw) .32** -.03 
          

4. IL-10 (raw) .30** .00 -.02 
         

5. TNF- (raw) .54** .26** .00 -.06 
        

6. CRP (raw) .60** .40** .03 .30** .15* 
       

7. IL-6 (transformed) .71** .88** .05 -.01 .30** .39** 
      

8. IL-8 (transformed) .43** -.01 .86** -.01 .03 .09 .09 
     

9. IL-10 (transformed) .47** .12 -.02 .80** .06 .23** .11 -.01 
    

10. TNF- (transformed .55** .25** .01 -.06 .99** .16* .31** .04 .07 
   

11. CRP (transformed) .68** .43** .01 .11 .17** .82** .50** .10 .14* .18** 
  

12. BMI .31** .35** .01 -.14* .18** .27** .39** .04 -.06 .18** .34**   
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Table 4.  

Bivariate Correlations Between Study 1 Variables 

  
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. Deprivation                

2. Threat .43**               

3. ICS -.04 -.10              

4. T2 Fears .01 .04 -.09             

5. T2 AA .09 .01 -.17* -.04            

6. T2 General Distress .12 .05 .09 .07 .12           

7. L amygdala .04 .07 -.03 .09 -.1 .04          

8. R amygdala .03 .09 .09 .00 -.15* .11 .60**         

9. L hippocampus .06 .08 -.11 -.02 -.03 .07 .66** .61**        

10. R hippocampus .09 .02 .04 .01 -.04 .01 .61** .68** .75**       

11. L anterior insula -.10 -.10 -.01 -.04 .05 -.07 .25** .33** .17* .30**      

12. Right anterior insula -.10 -.13* -.01 -.04 .01 -.13 .26** .34** .22** .30** .82**     

13. vmPFC .10 .08 -.01 .00 .09 .10 .35** .28** .39** .32** .03 .02    

14. sgACC .19** .19** -.09 .05 .07 .10 .39** .37** .42** .38** .18** .13* .67**   

15. dACC -.06 -.07 -.02 -.04 -.02 .05 .22** .30** .17** .26** .64** .62** .01 .24**   

Note. ICS = Inflammation Composite Score; AA = Anhedonia-Apprehension; L = left; R = right; vmPFC = ventromedial prefrontal cortex; sgACC= subgenual 

anterior cingulate cortex; dACC = dorsal anterior cingulate cortex; all contrasts CS+ > CS-; * p <.05; ** p <.01.  
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Early Life Adversity and Fear Conditioning 

Contrary to hypotheses, threat adversity composite severity did not significantly predict 

neural activation in any of the regions of interest, adjusting for the severity of deprivation 

adversity, sex, site and task version (all p-values > .05). Regarding individual threat adversity 

domains, the severity of emotional abuse significantly predicted neural activation in the sgACC 

(CS+ > CS-), β = .130, b = .019, SE = .009, p = .040, adjusting for sex, site and task version. 

Additionally, severity of witnessing violence significantly predicted neural activation in the left 

anterior insula (CS+ > CS-), β = -.159, b = -.050, SE = .020, p = .011 and right anterior insula 

(CS+ > CS-), β = -.175, b = -.051, SE = .018, p = .005, adjusting for sex, site and task version. 

Contrary to hypotheses, deprivation adversity composite severity significantly predicted 

neural activation in the sgACC (CS+ > CS-), β = .143, b = .016, SE = .008, p = .042, adjusting 

for the severity of threat adversity, sex, site and task version. Regarding individual deprivation 

adversity domains, severity of caregiver neglect significantly predicted neural activation in the 

sgACC (CS+ > CS-), β = .196, b = .041, SE =.013, p = .001 and vmPFC (CS+ > CS-), β = .153, 

b = .062, SE = .025, p = .014, adjusting for sex, site and task version. All other regressions of the 

ROIs on early life adversity variables were non-significant (all p-values > .05).  

To examine the nature of these results, scatter plots of the associations between the early 

adversity variables and neural activation in the ROIs (CS+ > CS-) were created (see Figure 2). 

For each ROI, participants with lower severity scores demonstrated neural activation patterns 

similar to those demonstrated in healthy adults (CS+ > CS- in the bilateral insula; CS+ < CS- in 

the vmPFC and sgACC; Fullana et al., 2016). Participants with greater severity scores, however, 

demonstrated less discrimination between the CS+ and CS-, as evidenced by the trend line 

approaching zero. 
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Figure 2. Associations between indices of early adversity and neural activation during differential fear conditioning. 

A) Severity of emotional abuse and subgenual anterior cingulate cortex activation; B) Severity of witnessing 

violence and left anterior insula activation; C) Severity of witnessing violence and right anterior insula activation; 

D) Severity of deprivation adversities composite and subgenual anterior cingulate cortex activation; E) Severity of 

caregiver neglect and subgenual anterior cingulate cortex activation; F) Severity of caregiver neglect and 

ventromedial prefrontal cortex activation. All neural contrasts graphed as CS+ > CS- during fear acquisition. 
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Early Life Adversity and Psychiatric Symptomatology 

Contrary to hypotheses, severity of separation from/loss of caregiver (an index of 

deprivation) significantly predicted T2 Fears, β = .121, b = .034, SE = .017, p = .049, adjusting 

for sex. All other regressions of the T2 symptom factors on early life adversity were non-

significant (all p-values > .05).  

Early Life Adversity and Inflammation 

None of the early adversity variables significantly predicted the ICS, Il-6, or CRP, 

adjusting for sex, race and BMI (sex and BMI, as well as race and BMI, were allowed to freely 

covary; all p-values > .05). 

Fear Conditioning and Psychiatric Symptomatology 

Neural activation in the right anterior insula (CS+ > CS-), β = -.134, b = -.189, SE = .095, 

p = .048, significantly predicted T2 General Distress, adjusting for sex, site, and task version. All 

other regressions of the T2 factor scores on the sgACC, dACC, vmPFC, and bilateral anterior 

insula (CS+ > CS-) were non-significant (all p-values > .05). 

Fear Conditioning and Inflammation 

 The ICS did not significantly predict neural activation in the sgACC, dACC, vmPFC, or 

bilateral anterior insula (CS+ > CS-), adjusting for BMI, sex, race, site and task version (sex and 

BMI, as well as race and BMI, were allowed to freely covary; all p-values > .05) 

Mediation 

As described above, there was a significant association between severity of witnessing 

violence and neural activation in the right anterior insula, as well as a significant association 

between neural activation in the right anterior insula and T2 General Distress. Thus a model 

testing the possible mediating effects of neural activation in the right anterior insula during 
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differential fear conditioning on severity of witnessing violence and T2 General Distress was 

examined with 10,000 bootstrapped samples. Unstandardized indirect effects were computed for 

each of 10,000 bootstrapped samples, and the 95% confidence interval was also computed. The 

bootstrapped unstandardized indirect effect was .024, and the 95% confidence interval ranged 

from 0.000, 0.026. Thus, the indirect effect was not statistically significant, suggesting that 

neural activation in the right anterior insula during differential fear conditioning does not 

mediate the relation between witnessing violence and general psychiatric symptoms in the 

current sample. 

Discussion 

The primary aim of the current study was to test the mediating effects of neural activation 

during differential fear conditioning and peripheral inflammation on early life adversity and 

psychiatric symptoms in a sample of 18- to 19-year-olds assessed longitudinally. In doing so, this 

study sought to test aspects of two recently proposed theoretical models in the early life adversity 

literature: the dimensional model of adversity and psychopathology (DMAP; Sheridan & 

McLaughlin, 2014; McLaughlin & Sheridan, 2016) and the neuroimmune network hypothesis 

(Nusslock & Miller, 2016). Given the role of fear conditioning as an index of threat sensitivity, it 

was hypothesized that a threat adversity composite, but not a deprivation adversity composite, 

would be associated with neural activation in the amygdala, hippocampus, anterior insula, 

vmPFC, sgACC and dACC during the acquisition phase of a differential fear conditioning 

paradigm. It was also hypothesized that neural activation during fear conditioning would 

significantly mediate the relation between the threat adversity composite and anxiety symptoms, 

but not the threat composite and depressive symptoms. Finally, it was hypothesized that 
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peripheral inflammation would mediate the relation between the threat adversity composite and 

neural activation in the regions of interest during fear acquisition.  

Contrary to hypotheses, the threat composite (consisting of emotional abuse, physical 

abuse, sexual abuse and witnessing violence) did not significantly relate to neural activation in 

any of the regions of interest, adjusting for the deprivation adversity composite, demographic 

covariates (sex, race) and study covariates (site, task version). Previous tests of the DMAP found 

evidence for the role of threat exposure in greater physiological differentiation between the CS+ 

and CS- among young children (ages 4-5 years; Machlin et al., 2019). In a sample of older 

children and adolescents (6-18 years), threat exposure was associated with lack of differentiation 

between the CS+ and CS-, though deprivation was not explicitly adjusted for in this study 

(McLaughlin et al., 2016). Finally, in an analog study, late adolescents and young adults 

randomized to view violence-related images and then complete a differential fear conditioning 

task demonstrated heightened SCR to the CS+ versus the CS- in the task phase involving 

anticipation of the US, a pattern not demonstrated among participants randomized to view 

neglect-related or control images (Modecki et al., 2020). These discrepant findings point to the 

importance of considerations of developmental timing of adversity exposure. The current study 

did not examine age of exposure as a factor, but rather examined adversity across birth to age 18 

years. It is possible that associations between the dimension of threat adversity and the neural 

correlates of fear conditioning are moderated by age of exposure (Sheridan & McLaughlin, 

2020) and follow-up analyses are needed to test this possible moderation effect. Further, it is 

possible that severity of threat adversity exposure was not related to neural activation to the CS+ 

versus the CS- because the electric shock was not sufficiently aversive, especially for 

participants with repeated exposure to high-threat adversities. Finally, both of the 
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aforementioned studies examined psychophysiological indices of fear conditioning and did not 

include neural data (Machlin et al., 2019; McLaughlin et al., 2016). Though previous literature 

has examined the effects of high-threat adversities on the neural correlates of threat sensitivity 

more broadly (e.g., McCrory et al., 2011; Lambert, Sheridan, et al., 2017; Lambert et al., 2019), 

the current study is the first published study to relate the DMAP to neural activation during 

differential fear conditioning and further research examining these associations is needed. 

Also contrary to hypotheses, the deprivation composite (consisting of separations from or 

loss of a caregiver and caregiver neglect) significantly predicted subgenual anterior cingulate 

cortex activation, adjusting for the threat adversity composite, demographic covariates (sex, race) 

and study covariates (site, task version). Specifically, as severity of the deprivation composite 

increased, differentiation between the CS+ and CS- in the subgenual anterior cingulate cortex 

decreased. Individuals with lower levels of deprivation exposure demonstrated sgACC 

deactivation (CS+ < CS-), which is consistent with recent meta-analytic findings in healthy 

adults (Fullana et al., 2016). One study found that previously institutionalized youth and 

comparison youth demonstrated behavioral CS+/CS- discrimination, though this study did not 

explicitly measure or adjust for threat exposure, which may have been high given the nature of 

the sample (Silvers et al., 2016).  

Much of the existing research on the effects of early adversity on the anterior cingulate 

cortex have focused on regional volume (Cohen et al., 2006; Gerritsen et al., 2011; Ansell et al., 

2012) or connectivity with limbic regions (Kraynak et al., 2019; Thomason et al., 2015; 

Pagliaccio et al., 2015) rather than sgACC functional activation. One exception is that Suzuki et 

al. found that history of traumatic life events (which included physical and sexual abuse, 

accidents, natural disasters, and death of a sibling) was associated with greater activation in the 
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sgACC when viewing sad faces but not fearful faces (2014). This finding along with that of the 

current study suggests that early adversity may broadly impact processing of emotional stimuli in 

the sgACC, though further research is needed given the limited number of studies to date.  

Previous tests of the DMAP have found that experience of deprivation was not 

significantly associated with skin conductance response during differential fear conditioning 

(Machlin et al., 2019). Importantly, however, participants in this study were young children, 

while the current study used a sample of late adolescents, again pointing to the possible 

importance of timing of adversity exposure. Other research has found evidence for the 

association between deprivation-related adversities and alterations in neural activation during 

processing of emotional stimuli in cortical regions. Previously institutionalized children 

demonstrated no change in vmPFC activation when viewing fearful faces, suggesting aberrant 

connectivity between subcortical regions underlying emotion processing and the prefrontal 

cortex (Tottenham et al., 2011). Further research is needed to clarify the nature of the effects of 

the dimension of deprivation adversity on threat sensitivity, including during fear conditioning.  

Given existing research that has examined the effects of individual types of adversity on 

threat sensitivity and other outcomes important to psychopathology, exploratory analyses were 

conducted examining the associations between individual adversity domains and neural 

activation in the regions of interest during fear acquisition. These analyses revealed that among 

high-threat adversities, severity of emotional abuse was significantly associated with subgenual 

anterior cingulate cortex activation and that severity of violence exposure was significantly 

associated with bilateral anterior insula activation during differential fear conditioning. In 

examining the individual deprivation adversity domains, caregiver neglect was significantly 

associated with subgenual anterior cingulate cortex and ventromedial prefrontal cortex activation 
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during differential fear conditioning. Similar to the deprivation composite, increased severity of 

each of the individual adversity domains was associated with decreased CS+/CS- discrimination. 

Individuals with lower levels of exposure to each adversity type demonstrated neural activation 

consistent with the Fullana et al. meta-analysis: sgACC and vmPFC deactivation, and bilateral 

anterior insula activation (2016). A previous study similarly found that youth with histories of 

physical abuse, sexual abuse or domestic violence exposure did not exhibit differential skin 

conductance response to the CS+ versus the CS- during early conditioning trials, though 

importantly, this study did not measure high-deprivation adversities (McLaughlin et al., 2016).  

The current study provides evidence that both high-threat and high-deprivation 

adversities are associated with difficulty distinguishing between cues signaling danger and safety 

in the context of threat at the neural level. This lack of differentiation may be indicative of fear 

overgeneralization, in which stimuli that resemble the threatening stimulus elicit a fear response 

(Lissek & Grillon, 2010). Fear overgeneralization has been demonstrated in individuals with a 

range of anxiety disorders (Lissek et al., 2010; Lissek et al., 2014; Kaczkurkin et al., 2016). 

None of the neural regions associated with early adversity in the current study were predictive of 

anxious symptomatology (i.e., T2 Fears). As such, models testing the possible mediating effects 

of neural activation during fear conditioning on early adversity and anxious symptomatology 

were not conducted. It is important to note that symptoms were predicted longitudinally, with 

approximately 10 months between the measurement timepoints of early adversity/ fear 

conditioning and psychiatric symptomatology. It is possible that cross-sectional designs, or 

prospective designs with shorter time intervals, may reveal associations between reduced 

CS+/CS- differentiation and anxious symptomatology among individuals with histories of threat 

and deprivation adversity exposure.  



 

 

 

37 

Finally, an inflammation composite score (consisting of IL-6, IL-8, IL-10, CRP and TNF-

) did not significantly relate to early life adversity or any of the neural regions of interest during 

fear acquisition. As such, mediational tests of the neuroimmune network hypothesis could not be 

conducted. A recent meta-analysis of studies examining the association between early life 

adversity and peripheral inflammation in children and adolescents found small effects specific to 

CRP and IL-6 (Kuhlman et al., 2020). Given these findings, the current study also examined 

associations of early adversity with CRP and IL-6, but there were no significant associations 

between either of these markers and any of the indices of early adversity. Kuhlman et al. note the 

significant methodological heterogeneity in this body of literature, which contributes to 

inconclusive results (2020). Further, many of the existing studies examining associations 

between inflammation and threat have relied on social stimuli or paradigms (Swartz et al., 2017; 

Inagaki et al., 2012; Muscatell et al., 2015). The task used in the current studied relied on non-

social conditional stimuli (images of offices and conference rooms) and a non-social 

unconditional stimulus (electric shock). It is possible that the use of social stimuli, such as faces 

paired with aversive human screams, may be more likely to elicit associations with peripheral 

inflammation. 

The main findings from the current study include that a deprivation adversity composite, 

as well as individual high-threat and high-deprivation adversities, related to neural activation 

during differential fear conditioning. Specifically, increased severity of adversities was 

associated with decreased differentiation between cues signaling threat and safety in the context 

of threat, which may relate to fear overgeneralization. These findings have important 

implications for understanding the effects of different forms of early adversity on threat 

sensitivity and anxiety pathology in late adolescence. 
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Study 2: Associations between early life adversity, neural correlates of reward processing, 

inflammation and psychiatric symptomatology in late adolescence 

 

Individuals with histories of early life adversity are at increased risk for depressive 

disorders, including during adolescence (Heim & Binder, 2012; Teicher & Samson, 2013; 

McLaughlin et al., 2012). It has been suggested that alterations in reward processing, such as 

reduced cortico-basal ganglia reward sensitivity, may in part underlie this association (Nusslock 

& Miller, 2016; McLaughlin et al., 2019; Sheridan et al., 2018). Theoretical accounts have used 

hedonia research to delineate distinct phases of the reward cycle (Treadway & Zald, 2011; 

Rømer Thomsen et al., 2015). At the neural level, reward approach-motivation (sometimes 

referred to as anticipation) in healthy populations has been associated with dopaminergic 

signaling in regions including the ventral striatum, orbitofrontal cortex, ventral tegmental area 

and amygdala (Treadway & Zald, 2011; Der-Avakian & Markou, 2012; Kahnt et al., 2010). 

Reward attainment (consumption) has been associated with the opioid system and neural regions 

including the ventral striatum (specifically the nucleus accumbens) and orbitofrontal cortex 

(Treadway & Zald, 2011; Der-Avakian & Markou, 2012). Here, we focus on evidence for the 

effects of early life adversity on two of these regions: the ventral striatum and the orbitofrontal 

cortex. 

There is robust evidence that early life adversity has effects on ventral striatal structure 

and function during reward processing across development, particularly during anticipation of 

monetary reward (Fareri & Tottenham, 2016; Novick et al., 2018). Previously institutionalized 

adolescents demonstrated hypoactivity in the ventral striatum during anticipation of monetary 

reward compared to a comparison group (Mehta et al., 2010). Greater exposure to familial 

adversity (e.g., parental mental illness, overcrowding in the home) during childhood was 
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associated with decreased ventral striatal activation in a sample of young adults during 

anticipation of monetary reward (Boecker et al., 2014), an effect that held when adjusting for 

adolescent exposure to adverse life events (Boecker-Schlier et al., 2016). Further, young adults 

with histories of childhood emotional, physical or sexual abuse demonstrated lesser activity in 

the left pallidus, a sub-region of the striatum, than control subjects during anticipation of 

monetary reward (Dillon et al., 2009). Finally, greater experience of life stressors (e.g., death of a 

loved one, medical problems) in childhood and adolescence predicted lower ventral striatal 

activity during a monetary reward task during adulthood, though the design of this task did not 

differentiate between reward anticipation and consumption (Hanson et al., 2016). 

Additional research has specifically linked ventral striatal structure and function to the 

effects of early adversity on depressive symptomatology in youth and young adults (Goff & 

Tottenham, 2015). In a study in which both threat- and deprivation-related adversities were 

measured, food insecurity, but not caregiver neglect or trauma (defined as exposure to physical 

abuse, sexual abuse or domestic violence), was associated with poorer performance on a reward 

task among youth (Dennison et al., 2017). This study also found that the association between 

food insecurity and depressive symptoms was mediated by functional anisotropy (an index of 

white matter tract integrity) of the anterior limb of the internal capsule, a tract adjacent to the 

striatum that connects limbic regions with the prefrontal cortex. Among adolescents, level of 

emotional neglect was associated with blunted development of ventral striatal activity over the 

course of two years, as measured while receiving performance feedback during a monetary 

reward task (Hanson, Hariri, et al., 2015). Further, ventral striatal activity over time partially 

mediated the association between emotional neglect and later depressive symptoms (Hanson, 

Hariri, et al., 2015). Greater activation in the left pallidum during viewing of positive versus 
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neutral stimuli was associated with lower depressive symptoms among adolescents with histories 

of physical and sexual abuse, suggesting that reward reactivity buffered against the deleterious 

effects of maltreatment (Dennison et al., 2016). Finally, in a sample of late adolescents and 

young adults, individuals with blunted ventral striatal reactivity to reward and elevated childhood 

abuse and neglect exposure reported greater symptoms of anhedonia (Corral-Frías et al., 2015), a 

key symptom of depression (American Psychiatric Association, 2013).  

A smaller body of literature has also demonstrated effects of early life adversity on the 

orbitofrontal cortex (OFC), another neural region thought to underlie reward processing (Kahnt 

et al.; 2010). Average OFC volume was smaller in children with histories of physical abuse 

(Hanson et al., 2010) and in young adults with histories of early poverty (Holz et al., 2014). 

Chronic life stress (e.g., parental socioeconomic disadvantage, negative health outcomes, poor 

living conditions) in infancy was associated with reduced cortical thickness of the right OFC in 

young adulthood, and depressive symptoms in young adulthood partially mediated this 

association (Monninger et al., 2020). Though evidence suggests that early adversity impacts 

OFC structure, further research is needed to characterize OFC function during reward processing 

as related to early life adversity.  

Taken together, evidence suggests that both high-threat and high-deprivation adversities 

are associated with alterations in ventral striatal structure and function, as well as OFC structure, 

across development. Importantly, however, many of these studies either did not measure both 

threat and deprivation adversities or did not adjust for the effects of the complementary 

dimension. Proponents of the dimensional model of adversity and psychopathology (DMAP; 

Sheridan & McLaughlin, 2014; McLaughlin & Sheridan, 2016), which places adversities along 

the dimensions of threat and deprivation, suggest that deprivation adversities (e.g., caregiver 
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neglect, exposure to under-resourced environments) may be specifically associated with aberrant 

reward processing (McLaughlin, 2016; McLaughlin & Sheridan, 2016). The current study 

models both dimensions of adversity simultaneously as a test of the DMAP in relation to reward 

processing in a sample of late adolescents. 

Finally, there is a robust association between depressive disorders and inflammation 

(Dantzer et al., 2008; Raison et al., 2006), and research has more recently begun to examine the 

relation between reward processing and inflammation (Dooley et al., 2018). The neuroimmune 

network hypothesis posits that early life adversity contributes to peripheral inflammation, which 

then leads to neuroinflammation via cytokines that cross the blood-brain barrier, and that this 

neuroinflammation attenuates reward sensitivity (Nusslock & Miller, 2016). In a review, Felger 

and Miller present evidence that inflammatory cytokines target the basal ganglia and affect 

dopaminergic function, leading to depressive symptoms including anhedonia (2012). Specific to 

the ventral striatum, decreased resting-state functional connectivity between the ventromedial 

prefrontal cortex and ventral striatum was associated with increased peripheral IL-6, IL-1β  and 

IL-1 receptor antagonist (Felger et al., 2016). Adult participants who were administered 

endotoxin showed greater increases in depressed mood and significant reductions in ventral 

striatal activity during anticipation of reward, and the association between endotoxin exposure 

and depressed mood was mediated by between-group (endotoxin versus placebo) differences in 

ventral striatal activity (Eisenberger et al., 2010). These findings were replicated in a second 

sample and shown to be moderated by sex, such that endotoxin administration led to decreased 

ventral striatal activation during reward anticipation among females but not males (Moieni et al., 

2019). Additionally, adults with diagnoses of chronic Hepatitis C infection who received 

interferon- treatment, a pro-inflammatory molecule, demonstrated significantly reduced 



 

 

 

42 

bilateral activation of the ventral striatum during receipt of monetary reward compared to 

patients awaiting treatment (Capuron et al., 2012). This research suggests that inflammation is 

associated with altered ventral striatal function during reward anticipation and consumption, and 

that this association may be directly related to depressed mood. 

The current study examined the effects of early life adversity on neural activation during 

reward processing, as well as associations of neural activation during reward processing with 

peripheral inflammation, depressive symptoms and anxiety symptoms in a sample of late 

adolescents. In line with the DMAP, it was hypothesized that a deprivation adversity composite, 

but not a threat adversity composite, would be associated with reduced ventral striatal activation 

during reward anticipation and consumption, and reduced orbitofrontal cortex activation during 

reward consumption. It was also hypothesized that neural activation during reward anticipation 

and consumption would significantly mediate the relation between the deprivation adversity 

composite and depressive symptoms, but not the depressive adversity composite and anxiety 

symptoms, given existing findings of aberrant reward processing among samples of depressed 

individuals and those with elevated depressive symptomatology (Whitton et al., 2016; Yang et 

al., 2014). Finally, in line with the neuroimmune network hypothesis, it was hypothesized that 

peripheral inflammation would mediate the relation between the deprivation adversity composite 

and neural activation in the regions of interest during reward anticipation and consumption. 

Method 

Participants 

 See Study 1 for a description of the sample, recruitment procedures and exclusion 

criteria. 

Measures 
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 See Study 1 for a description of the Childhood Trauma Interview, measure of peripheral 

inflammation, and mood and anxiety symptom measures. 

Reward Processing Task 

The Monetary Incentive Delay (MID; Knutson et al., 2000) task was used to measure 

reward processing in the current study. The MID task has been shown to reliably lead to activity 

in the ventral striatum during reward anticipation and orbitofrontal cortex during reward 

consumption (Knutson et al., 2001; Oldham et al., 2018). Participants in the current study 

completed the MID task while undergoing functional MRI. Before entering the scanner, 

participants completed two tasks. First, they completed a reaction time task in which they were 

shown a white square and instructed to press the spacebar as soon as the square appeared on the 

screen. From this task, each participant’s mean reaction time was calculated and used on the 

MID pre-scan practice and in-scanner MID task. Second, participants completed the MID pre-

scan practice task in which they learned that specific visual cues indicated the possibility of 

winning or losing $0, $1.50 or $5. In order to win money, participants were instructed to press a 

button while the target (a white square) was still on the screen following presentation of a win 

cue. In order to avoid losing money, participants pressed the button while the target was still on 

the screen following a lose cue. Participants were instructed to press the button while the target 

was on the screen for all trials, including those for which they could not win or lose any money. 

In the scanner, participants completed two runs (48 trials each) of the MID task with a 15 

second break in-between runs. Each trial consisted of the presentation of one of the six win or 

lose cues (2000ms), followed by a fixation cross (2000 to 2500ms), the target (variable duration 

depending on participant’s mean reaction time on the reaction time task), a second fixation cross 

(variable duration depending on the duration of presentation of the first fixation cross and the 
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target), and finally a feedback slide (2000ms) during which participants were told if they won or 

lost money on the trial. The total duration of the first fixation cross, target, and second fixation 

cross slides was 4000ms. The duration of the target was set such that participants would 

successfully hit the target on approximately 66% of trials. Inter-trial intervals were 2000, 4000 or 

6000ms and were randomized. Each of the six trial types (Win $0, Win $1.50, Win $5, Lose $0, 

Lose $1.50, Lose $5) were presented eight times per run in random order.  

Image Acquisition and Processing 

See Study 1 for details on image acquisition and processing of high-resolution structural 

scans. BOLD (T2*-weighted) functional images were acquired parallel to the AC-PC line using 

Siemens’ AutoAlign function, containing 2mm isotropic voxels, TR/TE/flip 

angle=2050ms/25ms/76°, FOV = 208mm2, 64 slices, 283 volumes (per task run). The first two 

images of each run were dropped to allow for stabilization of the BOLD signal. FMRI data 

processing was carried out using FEAT (FMRI Expert Analysis Tool, Version 6.00), part of FSL. 

Functional scans were registered to skull-stripped MPRAGE scans and standard space. The 

following pre-statistics processing was applied: motion correction using MCFLIRT (Jenkinson et 

al., 2002), spatial smoothing using a Gaussian kernel of FWHM 4.0mm, and high-pass temporal 

filtering (0.01 Hertz) to remove low frequency artifacts. First-level analyses for the MID task 

included the regressors of interest (Win $0, Win $1.50, Win $5, Lose $0, Lose $1.5, Lose $5) 

and temporal derivatives, and one regressor to account for motor cortex activation during the 

button press. Participants were excluded from analyses if they had more than 3mm total 

maximum displacement in task run 1 or 2, more than 10% volume outliers (75th percentile plus 

1.5 times interquartile range based on framewise displacement), timing errors during scan 

acquisition or negative task winnings. 
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Region of Interest Analyses 

Region of interest (ROI) data were extracted for various a priori regions using 8mm 

bilateral spheres as defined by a recent meta-analysis of neural function during the MID (Oldham 

et al., 2018). ROIs included the bilateral ventral striatum for reward anticipation (activation 

measured from offset of cue to onset of target) and bilateral consumption (activation measured 

from onset of feedback plus 1000ms of ITI), and the orbitofrontal cortex for reward 

consumption. The contrast of interest in the current study is Gain > No Gain (average of win 

$1.50 and $5.00 versus win $0) for both reward anticipation and consumption. 

Data Analysis 

A similar data analytic approach to Study 1 was taken in the current study. Z-statistics 

representing neural activation in the bilateral ventral striatum during reward anticipation and 

consumption and bilateral orbitofrontal cortex during reward consumption (Gain > No Gain) 

were regressed on early life adversity severity scores for the threat composite2, deprivation 

composite and individual domains of adversity (separation of/loss from caregiver, caregiver 

neglect, emotional abuse, physical abuse, and witnessing violence). Associations between the 

ROIs and the inflammation composite score, as well as associations between the ROIs and T2 

symptomatology, were also tested. In keeping with suggested practice for tests of the DMAP 

(Sheridan & McLaughlin, 2020), the dimensions of threat and deprivation adversity were always 

modeled simultaneously in order to control for the effect of the other dimension, while individual 

domains of adversities were modeled independently. Sex was included as a covariate in all 

models, site was included as a covariate in models including fMRI data, and BMI and race were 

included as a covariate in models using the inflammation composite score. Covariances were 

 
2Sexual abuse/assault was included in the threat composite but was not modeled individually, as only 9.5% of the 

sample endorsed experiences of sexual abuse/assault 



 

 

 

46 

manually set to zero for all covariates of non-interest. All dependent variables were entered 

simultaneously in order to control the false positive rate and covariances were manually set to 

zero for dependent variables that were not significantly correlated. Tests of mediation using 

percentile bootstrapping (10,000 resamples) proceeded when there was a significant association 

between predictor and mediator (‘a’ path; early adversity to neural activation during reward 

processing) and mediator and outcome (‘b’ path; neural activation during reward processing to 

T2 symptomatology or peripheral inflammation to neural activation during reward processing; 

MacKinnon et al., 2012; Fairchild & McDaniel, 2017). 

 

 

 

 

 

 

 

Figure 3. Proposed Study 2 model. 

Results 

See Study 1 for demographic information on the full sample of 315 participants and for 

results of tests of the associations between early life adversity and inflammation, as well as early 

life adversity and T2 symptomatology. Of the sample of 315 participants with CTI data, 223 had 

useable fMRI MID data. The mean task winnings was $26 (SD = $11). Table 5 presents 

descriptive statistics for the MID task and Table 6 presents bivariate correlations between key 

Study 2 variables.  
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Table 5.  

Descriptive Statistics for Reward Processing Task 

Z-Statistic (Gain > No Gain, N = 223) Mean (Std. Dev) Range 

Anticipation   

   Ventral Striatum .38 (.32) -.60-1.40 

Consumption   

   Ventral Striatum .29 (.30) -.44-1.05 

   Orbitofrontal Cortex .37 (.39) -.61-1.28 
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Table 6. 

Bivariate Correlations Between Study 2 Variables 

    1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. Deprivation               

2. Threat .43**              

3. Separation .86** .33**             

4. Caregiver Neglect .74** .38** .28**            

5. Emotional Abuse .40** .82** .32** .31**           

6. Physical Abuse .29** .72** .16** .32** .38**          

7. Witnessing Violence .31** .64** .27** .22** .32** .27**         

8. ICS -.04 -.1 -.02 -.04 -.09 -.10 -.06        

9. T2 Fears .01 .04 .12 -.12 .05 .00 .01 -.09       

10. T2 AA .09 .01 .08 .06 .06 -.06 .05 -.17* -.04      

11. T2 General Distress .12 .05 .11 .08 .11 .01 -.01 .09 .07 .12     

12. VS Anticipation .02 .02 .03 .00 -.02 .07 .01 .04 .00 -.10 .02    

13. VS Consumption -.14* -.06 -.08 -.16* .00 -.12 .00 -.02 .03 .02 -.04 .15*   

14. OFC Consumption -.05 .00 -.02 -.06 .05 -.07 -.04 -.06 .03 .03 -.02 .03 .45**   

Note. Separation = Separation from/loss of caregiver; ICS = Inflammation Composite Score; AA = Anhedonia-Apprehension; VS = ventral striatum; OFC = 

orbitofrontal cortex; all contrasts Gain > No Gain; * p < .05; ** p < .01. 

 

 

 

 



 

 

 

49 

Early Life Adversity and MID Task Performance 

 The severity of threat and deprivation adversities did not significantly predict mean hit 

rate on win or loss trials, adjusting for sex (all p-values > .05). The severity of each of the 

individual adversity domains also did not significantly predict mean hit rate on win or loss trials, 

adjusting for sex (all p-values > .05).  

Early Life Adversity and Reward Processing 

Z-statistics of the Gain > No Gain contrast for the three regions of interest (ventral 

striatum during reward anticipation and consumption, and orbitofrontal cortex during reward 

consumption) were regressed on the early adversity variables, adjusting for sex and site. The 

covariance between sex and site was set to zero in all models, as was the covariance between 

ventral striatum activation during reward anticipation and orbitofrontal cortex activation during 

reward consumption.  

As hypothesized, deprivation adversity composite severity significantly predicted neural 

activation in the ventral striatum during reward consumption, β = -.154, b = -.010, SE = .005, p = 

.043 (Gain > No Gain), adjusting for threat adversity composite severity, sex and site. 

Exploratory associations examined the effects of the individual adversity domains on the ROIs. 

The severity of caregiver neglect adversities significantly predicted neural activation in the 

ventral striatum during reward consumption, β = -.168 , b = -.021, SE = .009, p = .019 (Gain > 

No Gain), adjusting for sex and site. All other regressions of the three ROIs on the early life 

adversity variables were non-significant (all p-values > .05). 

To examine the nature of these results, scatter plots of the associations between the early 

adversity variables and neural activation in the ROIs (Gain > No Gain) were created (see Figure 

4). Participants with lower severity scores demonstrated expected effects (Oldham et al., 2018): 
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greater ventral striatum activation during consumption of reward versus consumption of no 

reward ($0). As severity of adversity increased, however, participants demonstrated decreased 

ventral striatal activation during consumption of reward.  

 

 

Figure 4. Associations between indices of early adversity and neural activation during reward processing. A) 

Severity of deprivation composite and ventral striatum activation; B) Severity of caregiver neglect and ventral 

striatum activation. All neural contrasts graphed as Gain > No Gain during reward consumption. 

 

A 
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Reward Processing and Inflammation 

The inflammation composite score did not significantly predict neural activation in the 

ventral striatum during reward anticipation or consumption, or in the orbitofrontal cortex during 

reward consumption (Gain > No Gain), adjusting for BMI, race, sex and site (all p-values > .05). 

The covariance between site and sex, site and BMI, site and race, and sex and race were fixed to 

zero in all models. 

Reward Processing and Psychiatric Symptomatology 

Neural activation in the ventral striatum during reward anticipation and consumption, and 

in the orbitofrontal cortex during reward consumption (Gain > No Gain), did not significantly 

predict T2 Fears, Anhedonia-Apprehension or General Distress, adjusting for sex and site (all p-

values > .05). The covariance between site and sex, T2 Fears and T2 Anhedonia-Apprehension, 

T2 Fears and T2 General Distress, and T2 Anhedonia-Apprehension and T2 General Distress 

were fixed to zero in all models.  

Mediation 

 Due to the lack of significant associations between neural activation in each of the three 

ROIs and T2 symptomatology, as well as the lack of significant associations between each of the 

three ROIs and the inflammation composite score, tests of mediation were not conducted. 

Discussion 

The primary aim of the current study was to test the mediating effects of neural activation 

during a monetary reward task and peripheral inflammation on early life adversity and 

psychiatric symptoms in a sample of 18- to 19-year-olds assessed longitudinally. In doing so, this 

study sought to test aspects of two recently proposed theoretical models in the early life adversity 

literature: the dimensional model of adversity and psychopathology (DMAP; Sheridan & 
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McLaughlin, 2014; McLaughlin & Sheridan, 2016) and the neuroimmune network hypothesis 

(Nusslock & Miller, 2016). It was hypothesized that a deprivation adversity composite, but not a 

threat adversity composite, would be associated with neural activation in the ventral striatum and 

orbitofrontal cortex during reward processing. It was also hypothesized that neural activation 

during reward processing would significantly mediate the relation between the deprivation 

adversity composite and depressive symptoms, but not the deprivation adversity composite and 

anxiety symptoms. Finally, it was hypothesized that peripheral inflammation would mediate the 

relation between the deprivation adversity composite and neural activation in the regions of 

interest during reward processing.   

As hypothesized, the current study found that severity of a deprivation adversity 

composite, which included separation from or loss of a caregiver and caregiver neglect, 

significantly predicted neural activation in the ventral striatum during consumption of monetary 

reward. Specifically, lesser deprivation exposure was associated with greater ventral striatum 

activation during consumption of monetary reward. As severity of deprivation increased, 

however, participants demonstrated decreased ventral striatum reactivity to monetary reward. 

Similar effects were demonstrated for caregiver neglect, while separation from or loss of a 

caregiver was not significantly associated with ventral striatum activation during consumption of 

reward. As such, it appears that caregiver neglect may be driving the overall effects of 

deprivation adversities on ventral striatum activation during reward consumption.  

Importantly, these models adjusted for the effects of high-threat adversities (emotional, 

physical and sexual abuse, as well as witnessing violence), suggesting that the effects of 

adversity on ventral striatum activation during reward consumption are specific to deprivation in 

this sample of late adolescents. These findings are in line with the DMAP, which posits that 



 

 

 

53 

high-deprivation adversities have specific effects on reward processing (McLaughlin, 2016; 

McLaughlin & Sheridan, 2016) and support existing evidence for the effects of high-deprivation 

adversities on ventral striatal function during reward processing among adolescents and young 

adults (Boecker et al., 2014; Boecker-Schlier et al., 2016; Hanson, Hariri, et al., 2015). This 

research also builds upon existing evidence for the effects of less severe forms of deprivation on 

neural function during reward processing. Previous research has found evidence for these effects 

in institutionalized samples (e.g., Mehta et al., 2010; Goff et al., 2013), which is an example of 

severe deprivation. Finally, though previous research has found effects of early adversity on 

other reward-related regions (e.g., pallidum, substantia nigra) during reward consumption 

(Boecker et al., 2014), effects of adversity on the ventral striatum during consumption of 

monetary reward has been less commonly demonstrated in the existing literature. One exception 

is that level of emotional neglect was associated with blunted development of ventral striatal 

activity over the course of two years while receiving performance feedback during a monetary 

reward task in adolescents (Hanson, Hariri, et al., 2015). Caregiver neglect in the current study 

primarily consisted of self-reported lack of food, housing, medical care and supervision. Taken 

together, multiple forms of neglect appear to contribute to aberrant responding to receipt of 

reward in the ventral striatum among adolescents, though additional studies are needed. 

None of the indices of early life adversity were significantly associated with ventral 

striatum activation during reward anticipation or orbitofrontal cortex activation during reward 

consumption. The absence of significant effects of early adversity on activation in the ventral 

striatum during reward anticipation was particularly surprising given existing evidence for this 

association (Dillon et al., 2009; Mehta; 2010; Boecker et al., 2014; Boecker-Schlier et al., 2016). 

The samples used in these studies included previously institutionalized youth (Mehta et al., 
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2010) and young adults who met state guidelines for maltreatment exposure (Dillon et al., 2009), 

likely reflecting more severe instances of adversity than the range of adversities assessed in the 

current study. The Boecker et al. and Boecker-Schlier et al. studies made use of an early familial 

adversity index, which included parental and household factors (e.g., education level, single-

parent household, parental mental illness) that were likely to be relatively chronic in nature, 

rather than direct maltreatment exposure (2014; 2016). It is possible that the effects of adversity 

on anticipation of monetary reward are specific to more severe or chronic adversities. Further, 

previous research has primarily focused on the effects of adversity on orbitofrontal cortex 

structure (Hanson et al., 2010; Holz et al., 2014; Monninger et al., 2020) and other studies have 

also not found significant effects of early adversity on OFC function during reward processing 

(Boecker et al., 2014). It is possible that early adversity has limited effects on OFC function 

during consumption of monetary reward during adolescence. Further research is needed to 

continue clarifying the nature of the effects of diverse forms of early adversity on monetary 

reward processing during adolescence.  

Contrary to hypotheses, neural activation in the three ROIs did not significantly predict 

depressive symptomatology, nor did it predict anxious symptomatology or symptoms of general 

distress. As such, tests of the mediating effects of neural activation during reward processing on 

early adversity and depressive symptoms were not conducted. In the current study, neural 

activation during reward processing, measured at Timepoint 1, is cross-sectionally associated 

with the Anhedonia-Apprehension factor, but not the Fears or General Distress factors (Nusslock 

et al., in preparation). The current analyses, however, focused on the prediction of the 

symptomatology factors at Timepoint 2, which occurred approximately 10 months following 

Timepoint 1, in order to establish temporal precedence for the planned tests of mediation 
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(MacKinnon et al., 2007). Previous research has found significant longitudinal associations 

between reduced neural reactivity to reward and increased risk of depressive symptomatology, 

including anhedonia, among adolescents over the course of 18 months (Nelson et al., 2016) and 

two years (Stingaris et al., 2015). These findings provide evidence for longitudinal associations 

between neural activation during reward processing and depressive symptomatology, which was 

not replicated in the current study using the tri-level model. It is possible that this single 

measurement of reward processing is not sufficient in explaining tri-level model symptom 

factors prospectively. Further research examining reward-related processes in daily life and 

across multiple levels of analysis as associated with the tri-level model symptom factors is 

warranted. 

Finally, peripheral inflammation was not significantly associated with neural activation in 

the ventral striatum or orbitofrontal cortex during reward processing, and tests of the mediating 

effects of inflammation on early adversity and neural activation during reward processing were 

therefore not conducted. Again, these findings were surprising given existing evidence for 

associations between inflammation and decreased ventral striatal activation during reward 

processing (Eisenberger et al., 2010; Moieni et al., 2019; Capuron et al., 2012). Importantly, 

however, these studies made use of exogenous administration of endotoxin (Eisenberger et al., 

2010; Moieni et al., 2019) or interferon- (Capuron et al., 2012), while the current study 

measured naturally-occurring levels of inflammatory cytokines and CRP. It is possible that the 

levels of inflammation in the current sample of relatively healthy late adolescents were too low 

to demonstrate associations with reward processing and further research using endogenous 

markers of peripheral inflammation is needed. 
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The main findings from the current study include that a deprivation adversity composite, 

as well as caregiver neglect, related to ventral striatum activation during consumption of 

monetary reward. Specifically, increased severity of both deprivation and caregiver neglect was 

associated with decreased ventral striatum reactivity to reward. These findings have important 

implications for understanding the effects of different forms of early adversity on reward 

sensitivity in late adolescence. 
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Study 3: Associations between early life adversity, working memory, inflammation and 

psychiatric symptomatology in late adolescence 

 

Working memory is the limited-capacity system through which information is maintained 

and stored. It is thought to serve as a bridge between perception of internal or external stimuli, 

the long-term memory system and behavior (Baddeley, 1999). Working memory has been 

proposed as a common mechanism underlying executive control functions, which together allow 

for the execution of goal-directed behavior (Funahashi, 2001). The neuroimmune network 

hypothesis posits that early life adversity affects prefrontal cortical regions that support executive 

control both directly and indirectly via peripheral cytokines that cross the blood-brain barrier 

(Nusslock & Miller, 2016; Hostinar et al., 2018). Given this proposed mechanistic role, working 

memory may therefore be a particularly important cognitive process to examine in the context of 

early life adversity.  

The dimensional model of adversity and psychopathology (DMAP; Sheridan & 

McLaughlin, 2014; McLaughlin & Sheridan, 2016) posits that exposure to high-deprivation 

adversities (characterized by the absence of social and cognitive inputs or opportunities for 

learning) will have deleterious effects on cognitive processes, particularly executive functioning 

and language (Sheridan & McLaughlin, 2016; Sheridan & McLaughlin, 2020). Conversely, the 

DMAP suggests that exposure to high-threat adversities (e.g., abuse, violence exposure) will 

have more consistent effects on emotional, rather than cognitive, control (Sheridan & 

McLaughlin, 2016). Direct tests of the DMAP to date have supported this proposed effect of 

deprivation adversities on executive control and working memory. In a study using non-affective 

stimuli, low parental education was associated with poor working memory performance among 

adolescents after adjusting for abuse (Sheridan et al., 2017). Greater deprivation (measured via a 
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composite of neglect, cognitive stimulation and parental education), but not violence exposure, 

was associated with poorer cognitive control in a sample of young children (Machlin et al., 2019) 

and poverty, but not violence exposure, was associated with poor cognitive control in a sample 

of adolescents (Lambert, King, et al., 2017). The current study aims to build upon this growing 

body of literature by testing the effects of deprivation and threat adversities on working memory 

in a sample of late adolescents. 

Additional research provides evidence for the association between early adversity and 

working memory deficits across youth and adult samples, though these studies have not tested 

for the specific effects of threat versus deprivation adversities. In a mixed child and adolescent 

sample, youth with histories of violence exposure performed more poorly on happy and neutral, 

but not angry, trials of a working memory task using emotional faces than non-violence exposed 

youth (Jenness et al., 2017). The authors suggest that the equivocal performance on angry trials 

between groups might be due to the increased salience of threat cues among violence-exposed 

youth. Higher SES, a proxy measure of deprivation, was associated with better performance on a 

working memory task among youth (Rosen et al., 2018). Among late adolescents, duration of 

childhood poverty was shown to negatively correlate with auditory and visual working memory 

performance (Evans & Schamberg, 2009). Impaired spatial working memory in adulthood has 

also been associated with childhood sexual, physical and emotional abuse, as well as neglect 

(Gould et al., 2012; Majer et al., 2010). Finally, adults with histories of childhood abuse and 

neglect had poorer accuracy on a non-affective 2-back version of the N-back, whereas accuracy 

and reaction time for a 0-back version, and reaction time for the 2-back version, did not 

significantly differ between this group and the control group (Philip et al., 2016). Taken together, 

these studies suggest that both deprivation and threat adversities are associated with working 
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memory deficits. Importantly, however, these studies either did not measure both dimensions or 

did not test the effects of one dimension while controlling for the other, an approach that was 

taken in the current study. 

Finally, inflammatory cytokines have important implications for a range of memory 

processes (Yirmiya & Goshen, 2011; Donzis & Tronson, 2014), though the association between 

inflammation and working memory has received relatively little attention compared to other 

forms of memory and the evidence is generally inconclusive (Dooley et al., 2018). Plasma IL-6 

was found to be inversely related to working memory in a sample of middle-aged adults 

(Marsland et al., 2006). In a study of cancer patients who received IL-2 immunotherapy, patients 

exhibited impaired spatial working memory performance after five days of treatment, and these 

impairments were especially profound when the task was difficult (Capuron et al., 2000). 

Conversely, administration of moderate-dose, but not low-dose, endotoxin was associated with 

faster reaction time on a non-affective N-back working memory task compared to a placebo-

control group (Grigoliet et al., 2011). Further, endotoxin administration contributed to a 

significant improvement in working memory performance 10 days later, but this study only 

included 10 subjects (Cohen et al., 2003). Of note, each of these studies employed non-affective 

stimuli in their working memory tasks. The use of both neutral and negative stimuli in the 

current study is therefore an important addition to the literature. 

The current study examined the effects of early life adversity on working memory for 

both neutral and negative stimuli in a working memory task, as well as associations of working 

memory with peripheral inflammation, depressive symptoms and anxiety symptoms in a sample 

of late adolescents. In line with the DMAP, it was hypothesized that a deprivation adversity 

composite, but not a threat adversity composite, would be associated with would be associated 
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with working memory deficits as measured via decreased accuracy and slower reaction time for 

both a neutral and mixed neutral/negative task blocks. Further, it was hypothesized that working 

memory performance would mediate the relation between deprivation adversities and both 

anxiety and depressive symptoms, as working memory deficits have been associated with both 

depression and anxiety in meta-analyses (Snyder, 2013; Moran, 2016). Finally, in line with the 

neuroimmune network hypothesis, it was hypothesized that peripheral inflammation would 

mediate the relation between deprivation adversities and working memory performance, though 

notably there is limited existing evidence supporting the association between working memory 

and peripheral inflammation.  

Method 

Participants 

 See Study 1 for a description of the sample, recruitment procedures and exclusion 

criteria. 

Measures 

 See Study 1 for a description of the Childhood Trauma Interview, measure of peripheral 

inflammation, and mood and anxiety symptom measures. 

Working Memory Task 

The current study used an affective N-back task with both negative and neutral words as 

stimuli to measure working memory. In the N-back task, participants are asked to indicate 

whether or not the stimulus currently presented matches the stimulus presented n trials ago. The 

N-back requires the continuous updating of the contents of working memory, including the 

addition of new information and removal of information that is no longer needed (Friedman & 

Miyake, 2017), as well as the resolution of interference caused by the intervening stimuli 



 

 

 

61 

(Chatham et al., 2011). The N-back is therefore an advantageous measure of working memory as 

related to executive control (Chatham et al., 2011). In a meta-analysis, individuals with major 

depressive disorder performed significantly worse on the N-back than healthy controls (d = -.63; 

Snyder, 2013). In a second meta-analysis, greater anxiety was associated with poorer 

performance on the N-back (g = -.437; Moran, 2015), suggesting that the task reliably 

demonstrates associations with psychopathology. 

At Timepoint 1, participants completed the 2-back N-back paradigm as part of a 

laboratory visit in which they completed a number of behavioral tasks. In each trial, a single 

word was presented on a computer screen for 500ms, followed by a blank screen presented for 

2500ms. Participants were instructed to press the “1” key if the word two trials ago matched the 

word currently on the screen and the “2” key if the word two trials ago did not match the word 

currently on the screen. Participants were instructed to make their responses as quickly and 

accurately as possible. Participants were required to reach at least 90% accuracy on a brief 

practice round before being allowed to proceed with the test trials. There were two blocks of test 

trials, with a short break in between. In one block, participants saw all neutral words (neutral 

block, 118 trials) and in the other they saw both neutral and negative words (mixed block, 118 

trials). The order of the two blocks was counterbalanced across participants. The primary 

outcome variables of interest were mean reaction time and accuracy (measured as the percentage 

of correct trials) during the neutral and mixed blocks. Outliers, defined as +/- 3 standard 

deviations from the sample mean accuracy or reaction time, were excluded from analyses.  

Data Analysis 

A similar data analytic approach to Studies 1 and 2 was taken in the current study. Mean 

reaction time and accuracy for the neutral and mixed blocks were regressed on early life 
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adversity severity scores of a threat composite, deprivation composite and individual domains of 

adversity (separation of/loss from caregiver, caregiver neglect, emotional abuse, physical abuse 

and witnessing violence). Associations between the working memory variables and the 

inflammation composite score, as well as associations between the working memory variables 

and T2 symptomatology, were also tested. In keeping with previous tests of the DMAP model 

(e.g., Machlin et al., 2019), the threat and deprivation dimensions were always modeled 

simultaneously in order to control for the effect of the other dimension, while individual domains 

of adversities were modeled independently. Sex was included as a covariate in all models, and 

BMI and race were included as a covariate in models using the inflammation composite score. 

Covariances between variables were free unless otherwise stated. Tests of mediation using 

percentile bootstrapping (10,000 resamples) proceeded when there was a significant association 

between predictor and mediator (‘a’ path) and predictor and outcome (‘b’ path; MacKinnon et 

al., 2012; Fairchild & McDaniel, 2017). 

 

 

 

 

 

 

 

Figure 5. Proposed Study 3 model. 

Results 

See Study 1 for demographic information on the full sample of 315 participants, for 

results of tests of the associations between early life adversity and inflammation, and for results 
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of tests of the associations between early life adversity and T2 symptomatology. Of the sample 

of 315 participants with CTI data, 287 had useable N-back data. As expected, there was a 

significant difference between mean reaction time for each block, such that participants were 

slower to respond to words during the mixed block than the neutral block, t(286) = 2.11, p = 

.035. There was also a significant difference between mean accuracy during each block, such 

that participants were less accurate during the mixed block than the neutral block, t(286) = -3.03, 

p = .003. Table 7 presents descriptive statistics for the N-back task and Table 8 presents bivariate 

correlations between Study 3 variables. 

 

Table 7. 

Descriptive Statistics for Working Memory Task 

 Mean (Std. Dev) Range 

Negative Trial Reaction Time (milliseconds) 855.05 (236.41) 388.23-1692.17 

Neutral Trial Reaction Time (milliseconds) 835.60 (236.07) 367.07-1525.56 

Negative Trial Accuracy (%) 88.45 (.08) 58.47-100 

Neutral Trial Accuracy (%) 89.42 (.07) 59.32-100 
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Table 8.  

Bivariate Correlations Between Study 3 Variables 

    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. Deprivation 
               

2. Threat .43**               

3. Separation .86** .33**              

4. Caregiver Neglect .74** .38** .28**             

5. Emotional Abuse .40** .82** .32** .31**            

6. Physical Abuse .29** .72** .16** .32** .38**           

7. Witnessing Violence .31** .64** .27** .22** .32** .27**          

8. ICS -.04 -.10 -.02 -.04 -.09 -.10 -.06         

9. T2 Fears .01 .04 .12 -.12 .05 .00 .01 -.09        

10. T2 AA .09 .01 .08 .06 .06 -.06 .05 -.17* -.04       

11. T2 General Distress .12 .05 .11 .08 .11 .01 -.01 .09 .07 .12      

12. Negative RT .05 .12* .04 .04 .16** .08 .04 -.03 -.14* .10 .09     

13. Neutral RT .09 .16** .03 .12* .11 .17** .11 -.06 -.06 .08 .10 .78**    

14. Negative Accuracy -.05 -.06 -.04 -.04 -.05 .05 -.13* -.04 -.05 -.07 -.09 -.30** -.31**   

15. Neutral Accuracy -.01 -.02 .02 -.04 .02 .02 -.11 -.05 -.08 -.06 -.05 -.18** -.28** .73**  

Note. Separation = Separation from/loss of caregiver; ICS = Inflammation Composite Score; AA = Anhedonia-Apprehension; RT = reaction time; * p < .05; ** p 

< .01. 

 

 

 

 



 

 

 

65 

Working Memory and Early Life Adversity 

Models were constructed regressing mean reaction time and accuracy for each block on 

the indices of early adversity and covariates of non-interest. Mean reaction time and accuracy 

were modeled separately, and the outcome variables were allowed to freely covary given the 

significant correlations between neutral and mixed block reaction time and accuracy (see Table 

8).  

Contrary to hypotheses, threat adversity composite severity significantly predicted mean 

reaction time for the neutral block, β = .144, b = 5.27, SE = 2.38, p = .027, adjusting for 

deprivation composite severity and sex. Severity of threat adversities trended toward significance 

in the prediction of mean reaction time for the mixed block, β = .125, b = 4.58, SE = 2.39 p = 

.055, adjusting for deprivation composite severity and sex. Regarding the individual domains of 

adversity, the severity of physical abuse adversities significantly predicted mean reaction time 

for the neutral block, β = .169, b = 14.96, SE = 5.16, p = .004, adjusting for sex. The severity of 

emotional abuse significantly predicted mean reaction time for the mixed block, β = .154, b = 

10.57, SE = 3.99, p = .008, adjusting for sex. Finally, the severity of caregiver neglect adversities 

significantly predicted mean reaction time for the neutral block, β = .127, b = 12.37, SE = 5.74, p 

= .031, adjusting for sex.  

Neither threat composite severity nor deprivation composite severity significantly 

predicted mean accuracy on the negative or mixed block (all p-values > .05). The severity of 

witnessing violence adversities significantly predicted mean accuracy for the mixed block, β = -

0.130, b = -0.004, SE = .002, p = .025, adjusting for sex. The severity of witnessing violence 

adversities trended toward significance in the prediction of mean accuracy for the neutral block, 
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β = -0.051, b = -.113, SE = .058, p = .050, adjusting for sex. All other regressions of the working 

memory variables on early life adversity variables were non-significant (all p-values > .05). 

Working Memory and Inflammation 

The inflammation composite score did not significantly predict mean accuracy for either 

block, adjusting for BMI, race and sex. (all p-values > .05). Due to model convergence problems, 

the associations between the inflammation composite score and mean reaction time for the 

neutral and mixed blocks, adjusting for BMI, race and sex, could not be estimated. The 

covariances between and sex and each of the dummy coded race variables were fixed to zero in 

all models. 

Working Memory and Psychiatric Symptomatology 

 Mean reaction time on the mixed block significantly predicted T2 Fears, β = -.137, b = -

.001, SE < .001, p = .030, adjusting for sex. The covariance between T2 Fears and T2 

Anhedonia-Apprehension, T2 Fears and T2 General Distress, and T2 Anhedonia-Apprehension 

and General Distress were fixed to zero in all models. All other regressions of the T2 symptom 

factors on the working memory variables were non-significant (all p-values > .05). 

Mediation 

 As described above, there was a significant association between severity of emotional 

abuse and mean reaction time for the mixed block, as well as a significant association between 

mean reaction time for the mixed block and T2 Fears. Thus a model testing the possible 

mediating effects of mean reaction time for the mixed block on severity of emotional abuse and 

T2 Fears was examined with 10,000 bootstrapped samples. Unstandardized indirect effects were 

computed for each of 10,000 bootstrapped samples, and the 95% confidence interval was also 

computed. The bootstrapped unstandardized indirect effect was -.006, and the 95% confidence 
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interval ranged from -.012, 0.000. Thus, the indirect effect was not statistically significant, 

suggesting that working memory task performance for affective verbal stimuli does not mediate 

the relation between emotional abuse and anxious symptomatology in the current sample. 

Discussion 

The primary aim of the current study was to test the mediating effects of working 

memory performance and peripheral inflammation on early life adversity and psychiatric 

symptoms in a sample of 18- to 19-year-olds assessed longitudinally. In doing so, this study 

sought to test aspects of two recently proposed theoretical models in the early life adversity 

literature: the dimensional model of adversity and psychopathology (DMAP; Sheridan & 

McLaughlin, 2014; McLaughlin & Sheridan, 2016) and the neuroimmune network hypothesis 

(Nusslock & Miller, 2016). Contrary to hypotheses, severity of a threat adversity composite, but 

not a deprivation adversity composite, significantly predicted higher mean reaction time for 

neutral words during a N-back working memory task. Further, the threat adversity composite, but 

not deprivation adversity composite, approached significance in the prediction of higher mean 

reaction time for the task block in which both neutral and negative words were presented. 

Follow-up analyses examining associations between individual domains of adversity found that 

severity of caregiver neglect and severity of physical abuse significantly predicted higher mean 

reaction time for the neutral word task block, while severity of emotional abuse significantly 

predicted higher mean reaction time for the task block with mixed neutral and negative words. 

Regarding task accuracy, severity of the threat and deprivation adversity composites did not 

significantly predict mean accuracy on the neutral or mixed task blocks, though follow-up 

analyses revealed that the domain of witnessing violence significantly predicted lower mean 
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accuracy for the mixed task block and trended toward significance in the prediction of lower 

mean accuracy for the neutral task block.  

The dimensional model of adversity and psychopathology proposes that high-deprivation 

adversities will have adverse effects on executive control and working memory processes 

(Sheridan & McLaughlin, 2016; Sheridan & McLaughlin, 2020), which has generally been 

supported by empirical tests of the DMAP in children and adolescents (Sheridan et al., 2017; 

Machlin et al., 2019; Lambert, King, et al., 2017). The current study did not find significant 

effects of the deprivation adversity composite on mean reaction time or accuracy for either the 

neutral or mixed task block, though severity of caregiver neglect, one of the indices of 

deprivation, did significantly predict slower mean reaction time on the neutral task block. It is 

possible that collapsing across multiple types of deprivation diluted the effects of caregiver 

neglect, which was then only significant when examined in isolation. Caregiver neglect in the 

current study included instances of lack of food, shelter, medical care and supervision, whereas 

previous research has primarily focused on other indices of deprivation, including measures of 

poverty (Evans & Schamberg, 2009; Lambert, King, et al., 2017) or parental education (Sheridan 

et al., 2017) when examining effects on working memory and executive control processes. The 

current finding that caregiver neglect in childhood and adolescence was predictive of poorer 

working memory performance in the context of neutral stimuli during late adolescence is 

therefore an important extension of the literature. 

 The dimension of threat adversities significantly predicted slower mean reaction time on 

the neutral task block and approached significance in the prediction of mean reaction time on the 

mixed task block, after adjusting for deprivation adversities and sex. Further, severity of 

individual indices of the threat dimension, including physical abuse, emotional abuse and 
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witnessing violence predicted poorer working memory performance across both the neutral and 

mixed task blocks. Although not predicted by the dimensional model of adversity and 

psychopathology, these findings are consistent with previous research that has found significant 

effects of abuse (Gould et al., 2012; Majer et al., 2010; Philip et al., 2016) and violence exposure 

(Jenness et al., 2017) on visual and spatial working memory. Importantly, however, only Jenness 

et al. focused exclusively on the effects of high-threat adversities (i.e., violence exposure), while 

other studies have typically examined the effects of high-threat and high-deprivation adversities 

simultaneously. It has been suggested that the effects of high-threat adversities on executive 

functioning may emerge when emotional stimuli are used (Sheridan et al., 2016), though in the 

current study severity of the threat composite and physical abuse were associated with slower 

reaction time to trials in the neutral block. It is possible, however, that exposure to the negative 

words in the mixed block affected performance on the neutral block. Further analyses examining 

the effects of block order on task performance as associated with high-threat adversities are 

needed to test the possibility of these proposed transfer effects. 

Regarding the associations between working memory and psychiatric symptomatology, 

slower mean reaction time during the mixed block significantly predicted less anxiety symptoms 

measured 10 months later. This finding is in the opposite direction as hypothesized, as poorer 

working memory performance has previously been associated with increased anxiety (Moran et 

al., 2016), although much of the existing research has relied on cross-sectional designs. One 

study of the longitudinal association between working memory and anxiety found that better N-

back task performance at Time 1 predicted decreased worry at Time 2, though on average 

participants completed the Time 2 assessment only two months after Time 1 (Bredemeier & 

Berenbaum, 2013). The relatively long duration of time between measurement of the N-back and 
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T2 anxiety symptomatology in the current study may have contributed to these unexpected 

results. Contrary to hypotheses, N-back task performance in the current study did not predict 

depressive symptomatology assessed longitudinally. This null association may again be due to 

the duration of time between administration of the N-back task and T2 depressive symptoms in 

the current task, as previous research has primarily found associations between these constructs 

cross-sectionally (Snyder, 2013). It is also possible that the 2-back version of the task is not 

sufficiently difficult to demonstrate associations with psychopathology assessed longitudinally. 

Further research examining the effects of varied values of n in the prediction of anxious and 

depressive symptoms is needed. 

Finally, the inflammation composite score did not significantly predict mean reaction 

time or accuracy for either the neutral or mixed task block. Evidence for the association between 

peripheral inflammation and working memory is inconsistent, as inflammation has been 

associated with both impaired (Marsland et al., 2006; Capuron et al., 2001) and improved 

working memory performance (Cohen et al., 2003; Grigoliet et al., 2011). Each of these studies 

used non-affective stimuli, and it is possible that the inclusion of negative words in the current 

task contributed to the null association. Other studies examining the effects of endogenous 

induction of pro-inflammatory states have generally found null associations with working 

memory task performance (Dooley et al., 2018). Therefore, the null associations found in the 

current study are consistent with the existing literature. 

The main findings from the current study include that a threat adversity composite, as 

well as individual high-threat and high-deprivation adversities, related to working memory task 

performance for both neutral and negative stimuli. Specifically, increased severity of adversity 

was associated with poorer performance, as evidenced by slower reaction time and decreased 
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task accuracy. These findings have important implications for understanding the effects of 

different forms of early adversity on working memory, an important index of executive control, 

in late adolescence. 
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Summary and Implications 

Early life adversity is associated with increased risk for a range of psychiatric disorders in 

adolescence. The Nusslock and Miller neuroimmune network hypothesis proposes that early life 

adversity accentuates cortico-amygdala threat sensitivity and attenuates cortico-basal ganglia 

reward sensitivity both directly and via inflammatory processes, contributing to emotional and 

physical health problems. To test the neuroimmune network hypothesis, the current studies 

examined the associations of fear acquisition, reward anticipation and consumption, and working 

memory with early life adversity, peripheral inflammation and depressive and anxious symptoms 

in a sample of 18- to 19-year-olds. Further, the current studies modeled instances of adversity 

according to the dimensions of threat and deprivation as proposed by McLaughlin and 

Sheridan’s dimensional model of adversity and psychopathology. In doing so, the current studies 

tested recent theoretical models in early life adversity research and provided valuable insights 

into the neural, cognitive and inflammatory processes that are thought to underlie the association 

between early adversity and psychiatric symptomatology. 

Study 1 found that, contrary to hypotheses, a deprivation adversity composite, as well as 

individual high-threat and high-deprivation adversities, was significantly associated with neural 

activation in regions of interest during the acquisition phase of a differential fear conditioning 

paradigm, and that this neural activation did not predict subsequent anxiety symptoms. Study 2 

found that the deprivation adversity composite, as well as caregiver neglect, was significantly 

associated with neural activation in the ventral striatum during reward consumption, but that 

neural activation during reward processing did not predict subsequent depressive symptoms as 

hypothesized. Study 3 found that, contrary to hypotheses, the threat adversity composite, as well 

as individual high-threat and high-deprivation adversities, was significantly associated with 
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working memory task performance for both neutral and negative verbal stimuli, and that slower 

mean reaction time for a block of mixed neutral and negative words predicted lesser subsequent 

anxiety symptoms but not depressive symptoms. Support for the dimensional model of adversity 

and psychopathology was therefore mixed, with only Study 2 finding hypothesized effects. 

Further, associations between the three processes of interest and psychiatric symptomatology 

were either not supported (Studies 1, 2 and 3) or in the opposite direction as hypothesized (Study 

3). Further, peripheral inflammation was not significantly associated with early adversity, neural 

activation during fear conditioning or reward processing, or working memory in the current 

studies. As such, examinations of the neuroimmune network hypothesis via mediational models 

could not be conducted. 

The sample used in the current studies may in part explain the unexpected and null 

findings described above. The sample was predominantly comprised of UCLA and Northwestern 

undergraduate students. Both institutions are highly-ranked four-year universities and as such, 

the sample may not generalize to the larger population of late adolescents. Participants in the 

sample may represent individuals who in the face of adversity, demonstrated relative resilience 

as they were able to gain admission to a highly-ranked institution. Much of the existing literature 

on the effects of early life adversity on outcomes related to psychopathology have used samples 

consisting of youth and adults who were either specifically recruited based on adversity exposure 

(e.g., individuals with histories of institutionalization) or who were selected from the general 

population, which may capture a broader range of individuals more or less impacted by early 

adversity. As such, many of the samples used in the existing literature may be qualitatively 

different from the one used in the current studies. It is also notable that participants in the current 

studies were largely removed from the contexts in which their adversities took place, as most 
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were living on campus and away from home when completing the measures of fear conditioning, 

reward processing, working memory and inflammation. It is possible that the participants being 

recently removed from their immediate adverse environments may have contributed to the 

unexpected effects found in the current studies. Existing studies of the effects of adversity on 

children and younger adolescents may be confounded by possible ongoing adversity at the time 

of study participation. The sample of late adolescents used in the current studies may therefore 

represent a somewhat unique population when compared to the existing literature.  

The current studies suggest a number of key future directions. First, Studies 1 and 2 

focused on individual neural regions of interest to fear conditioning and reward processing, 

respectively. There is a significant body of literature that has examined effects of early adversity 

on both resting state (Herringa et al., 2013; Fareri et al., 2017) and functional connectivity 

between neural regions (Thomason et al., 2015; Silvers et al., 2016; Peverill et al., 2019; Gee et 

al., 2013; Gianaros et al., 2010). It is possible that associations of early adversity and 

inflammation with fear conditioning and reward processing may be better examined through 

functional connectivity analyses. Second, timing of exposure was not considered in the current 

studies, though existing research has suggested that this may be an important aspect of adversity 

when examining neurobiological outcomes (Tottenham & Sheridan, 2010; Bosch et al., 2012; 

Slopen et al., 2013) and psychopathology (Dunn et al., 2017). Examination of the relative effects 

of childhood versus adolescent exposure on the constructs measured in the current studies is an 

important future direction. Finally, the current studies took a dimensional approach by using the 

tri-level model of psychiatric symptoms rather than examining categorical diagnostic outcomes 

(e.g., major depressive disorder, posttraumatic stress disorder). Tests of the associations between 

the processes of interest and psychiatric diagnoses might reveal effects more consistent with 
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existing literature than those found using the tri-level model, which is a relatively new approach 

to modeling psychiatric symptomatology. 
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