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Dysregulated reward processes are a transdiagnostic feature of several psychiatric 

disorders, and reward-related deficits predict a relatively poor prognosis in individuals 

with depression. Research utilizing animal models and limited human research suggests 

that the experience of stress is associated with disrupted reward processes, an effect that 

is likely mediated by the deleterious effects of stress on dopaminergic signaling. 

However, neurobiological mechanisms contributing to reward deficits are poorly 

understood, and no studies to date have examined the association of naturalistic life stress 

and functional neural correlates of reward processes in humans. As such, it is unclear 

whether either the main effects of stress or stress acting together with certain individual 

differences might predict disrupted neural reward functioning. Thus, the present study 

sought to examine this association, initially hypothesizing that greater interpersonal, but 

not non-interpersonal life stress assessed using the UCLA Life Stress Interview would be 

associated with blunted blood oxygen level-dependent (BOLD) reactivity in the ventral 

striatum in response to reward anticipation during the Monetary Incentive Delay task. 

Contrary to hypotheses, there was no main effect of naturalistic life stress in any 

domain (chronic, episodic, interpersonal, non-interpersonal) on ventral striatal reactivity 

to reward anticipation. Secondary exploratory analyses instead revealed a moderating 

effect of the personality trait Grit, defined as perseverance towards long-term goals, such 

that higher levels of Grit predicted significantly less negative effects of chronic 

interpersonal stress on bilateral ventral striatal reactivity during reward anticipation. 



 

Results implicate robust reward-related ventral striatal reactivity in the context of 

life stress as a critical underpinning of goal-pursuit in the context of life stress, and 

support a wider literature indicating a role of reward and positive emotion in general 

coping.
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CHAPTER I 

INTRODUCTION 

 

 

Deficits in reward-related processes are a core feature of depression (American 

Psychiatric Association, 2013), and represent a transdiagnostic domain of impairment 

observed across several forms of psychopathology (Buckholtz & Meyer-Lindenberg, 

2012; Sharma et al., 2017). Although etiological factors contributing to reward deficits 

have not been clearly elucidated, emerging evidence suggests that life stress (i.e., 

objective exposure to environmental threat) may play an important role. Decades of 

research in humans suggests that chronic (extended stressful life circumstances) and 

episodic (acute stressful life events) life stress are associated with an increased risk of 

depression onset broadly (e.g., G. Brown & Harris, 1978; Kendler, Karkowski, & 

Prescott, 1998, 1999; Vrshek-Schallhorn et al., 2015). Moreover, experimental research 

in animals (e.g., Papp, Willner, & Muscat, 1991; Willner, Towell, Sampson, 

Sophokleous, & Muscat, 1987) and limited research in humans (e.g., Bogdan & 

Pizzagalli, 2006) has found that several forms of stress cause alterations in a variety of 

reward processes. Animal research suggests that stress effects on reward processes are 

likely mediated by alterations in dopaminergic signaling (e.g., Abercrombie, Keefe, 

DiFrischia, & Zigmond, 1989). However, to date, little research has examined the 

relationship between life stress and neurobiological processes related to reward in 

humans, and the few studies that have been performed used questionnaire-based
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assessments of early life adversity, a methodology that has been noted to have critical 

limitations (Monroe, 2008). Moreover, recent life stress is more strongly implicated in 

adult depression than is early life stress (Kendler & Gardner, 2017; Vrshek-Schallhorn et 

al., 2015). Thus, here I examined the association between recent life stress, assessed 

using an objective life stress interview, and neural reactivity (assessed using functional 

magnetic resonance imaging) during reward anticipation in the ventral striatum, a region 

known to be the primary target of mesolimbic dopaminergic neurons that is critical to 

encoding reward anticipation in humans (Knutson, Adams, Fong, & Hommer, 2001; 

Knutson, Fong, Adams, Varner, & Hommer, 2001; O'Doherty et al., 2004; Schultz, 

Apicella, Scarnati, & Ljungberg, 1992). Furthermore, the purpose of this study was to 

examine the effects of different types of recent life stress on ventral striatal reactivity to 

reward. I hypothesized that greater recent chronic and episodic life stress would be 

associated with blunted ventral striatal reactivity to reward for interpersonal, but not non-

interpersonal stress.  

Reward Deficits and Depression 

Reward deficits have long been studied in depression (e.g., Feighner et al., 1972), 

and include deficits in several processes involved in approach motivation and reward 

learning (for reviews, see Pizzagalli, 2014; Treadway & Zald, 2011). Individuals with 

Major Depressive Disorder exhibit a range of reward deficits, including diminished 

anticipation of reward (McFarland & Klein, 2009), diminished expenditure of effort 

during reward seeking (Treadway, Bossaller, Shelton, & Zald, 2012), dissociation of 

reward “liking” from motivation to obtain a reward (Sherdell, Waugh, & Gotlib, 2012), 
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and altered neural activity during reward anticipation in brain regions known to be 

involved in reward processing (e.g., Forbes et al., 2006; Pizzagalli et al., 2009; Smoski, 

Rittenberg, & Dichter, 2011; Zhang, Chang, Guo, Zhang, & Wang, 2013). 

Of note, there has been some debate as to whether depression is characterized by 

deficits in consummatory aspects of reward (e.g., derived pleasure); studies examining 

positive affective ratings in individuals with depression have shown mixed results, and 

one hypothesis posits that observed consummatory differences in individuals with 

depression may be due to a general “affective flattening” rather than specific deficits in 

reward processes per se (for a review, see Treadway & Zald, 2011). For example, studies 

in which participants are asked to rate the pleasantness of tasting sweet solutions show no 

differences between individuals with depression and controls (Amsterdam, Settle, Doty, 

Abelman, & Winokur, 1987; Dichter, Smoski, Kampov-Polevoy, Gallop, & Garbutt, 

2010). In contrast, studies examining neural processing of rewards show that the ventral 

striatum exhibits blunted reactivity during both anticipation and consumption of rewards 

in depressed individuals (for a meta-analysis, see Zhang et al., 2013). Thus, although the 

precise nature of reward deficits in depression is not fully clear, there is much evidence 

that reward processes are disrupted, especially processes related to anticipation of reward. 

Reward deficits are a critical feature of depression: Self-reported anhedonia, a 

reward deficit operationalized as a subjective loss of interest or pleasure in typically-

rewarding activities, predicts poor responsiveness to antidepressant medications (Uher et 

al., 2012) and a more chronic course of the disorder (Moos & Cronkite, 1999). 

Furthermore, accumulating evidence supports the hypothesis that reward deficits may 
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occur prior to the onset of major depression, and are associated with a host of risk factors 

for depression (for a review, see Whitton, Treadway, & Pizzagalli, 2015). For example, 

never-depressed adolescents whose mothers had a history of recurrent depression 

exhibited blunted ventral striatal reactivity to reward relative to controls (Gotlib et al., 

2010), and this finding was conceptually replicated in a sample of males and females 

(Olino et al., 2014). In turn, reduced ventral striatal reactivity to reward was associated 

with greater increases in depression symptoms over the course of two years in 

adolescents with no history of depression (Morgan, Olino, McMakin, Ryan, & Forbes, 

2013). Last, lower levels of reward-seeking were associated with higher rates of 

depression onset and more depressive symptoms at a one-year follow-up in a non-

depressed sample (Rawal, Collishaw, Thapar, & Rice, 2012). Indeed, reward processes 

have been thought to play a key role in depression risk since the 1970’s, when a popular 

theory of depression etiology suggested that depression is caused by infrequent response-

contingent reinforcement (Lewinsohn, 1974). Together, these findings indicate that 

understanding the etiology of reward deficits is critical to understanding the etiological 

mechanisms for depression more broadly. However, factors that contribute to reward 

deficits in humans are poorly understood.  

Objective Life Stress  

 Life stress is critical to the etiology of depression and thus very likely also to 

reward deficits. Indeed, behavioral genetic studies indicate that non-shared, individual-

specific environmental factors such as life stress account for approximately 63%  of 

variance in occurrence of major depression (Sullivan, Neale, & Kendler, 2000). In 
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previous work, the term “stress” has been used to refer to not only the objective 

experience of adverse stimuli such an environmental threat (e.g., Hammen et al., 1987) 

but also an organism’s psychological or physiological response to a stressor (Selye, 

1936). Notably, these concepts are not synonymous: An organism’s response to a stressor 

is influenced by numerous factors, including both the nature of the stressor and biological 

and psychological individual differences in the organism such as genetics and previous 

exposure to stress, and is potentially confounded with risk for negative outcomes. Thus, 

when examining whether stress predicts outcomes such as depression, it has been argued 

that utilizing an organism’s response to stress or their perception of stress as the predictor 

is inappropriate (Harkness & Monroe, 2016). Therefore, throughout this paper, the terms 

“life stress,” “objective stress,” and “stressor” are intended to denote objective exposure 

to an environmental challenge or threat. The terms “stress response,” “response to stress,” 

“stress reactivity,” “subjective stress,” and “perceived stress” are used to denote the 

organism’s physiological, affective, cognitive, or behavioral response to a stressor. 

Research examining the effects of stress in humans has typically either 

naturalistically assessed life stress or induced controlled doses of stress in a laboratory 

(“lab-induced stress”); while naturalistic life stress has been a focus of etiological 

depression research, lab-induced stress protocols have been used to examine the impact 

of reward processes in humans. 

Naturalistic life stress. Naturalistic life stress can be further categorized as daily 

hassles, defined as relatively minor day-to-day events or inconveniences (e.g., getting 

stuck in a long traffic jam), more infrequent stressful life events, defined as acute events 
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that are aversive or unpleasant (Muscatell, Slavich, Monroe, & Gotlib, 2009), chronic 

stress, defined as ongoing aversive conditions that are typically present for at least several 

months to years (G. Brown & Harris, 1978), and early life adversity, defined as stressful 

experiences and circumstances during childhood and adolescence (e.g., experience of 

maltreatment; Kessler, Davis, & Kendler, 1997). Daily hassles are typically assessed 

using ecological momentary assessment or daily diary methodologies. Early life adversity 

may be assessed using a variety of methods, including retrospective self-report 

questionnaires and interviews, prospective parent questionnaires and interviews, and 

records from departments of social services. 

Recent stressful life events and chronic stress are typically assessed using 

questionnaires, checklists, or semi-structured interviews. Although checklists and 

questionnaires tend to be faster and less personnel-intensive to administer and score than 

interviews, they have several well-documented drawbacks. The primary drawback is that 

self-rated severity of events and determination of whether an event is reported may be 

influenced by whether an individual has depression (or risk factors for depression, such 

as high levels of neuroticism), resulting in potentially spurious associations between self-

reported life stress and subsequent depression (G. Brown & Harris, 1978). Additionally, 

comparisons of checklists with responses on semi-structured interviews suggest that less 

than 50% of stressors reported by participants on checklist measures are consistent with 

the timing (e.g., past 6 months) and type of stressor (e.g., acute event as opposed to 

chronic stressor) requested by the researcher (McQuaid et al., 1992). As a result, it has 

been argued that participants typically do not interpret instructions for stress checklists in 
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the manner that is intended by researchers, resulting in a misclassification of stressors 

(Harkness & Monroe, 2016). Thus, semi-structured interviews have been recommended 

as a best practice in stress assessment, despite the increased time and effort they require 

to complete (Harkness & Monroe, 2016). These interviews have several advantages 

relative to checklists: They allow researchers to ask follow-up questions to ensure that the 

researcher’s conceptualization of the stressor is consistent with the event or circumstance 

that the participant is reporting, they can collect greater amounts of information and allow 

researchers to make more objective ratings about a stressor’s severity blind to the 

participant’s characteristics and event-response, and they offer greater flexibility that 

allows the participant to report rarely-encountered stressors that may not be included on a 

checklist. 

 Lab-induced stress. Because stressful life events are relatively infrequent and 

their effects can be difficult to examine in a research study, lab-induced stressors are 

frequently utilized as a “scaled-down” model for stressful events. Although not the focus 

of the proposed research, lab-induced stress is relevant to understanding the broader 

literature that informs the proposed questions. Lab-induced stress protocols typically 

utilize social evaluative threat (e.g., the Trier Social Stress Test; Kirschbaum, Pirke, & 

Hellhammer, 1993), physical pain/discomfort (e.g., the cold pressor task), or threatened 

pain/discomfort (e.g., threat of shock; Bogdan & Pizzagalli, 2006) to induce immediate 

and brief changes in neuroendocrine functioning, cognitive processes, or affect. For 

obvious ethical reasons, these stressors tend to be relatively brief, and are thought to have 

no lasting effects on participants; thus, chronic stress is not experimentally induced in 
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humans. However, animal models allow for experimental induction of both acute and 

chronic stressors. Thus, the animal literature is particularly valuable in understanding the 

effects of chronic stressors on psychological processes underlying reward and motivation. 

Stress and Depression 

Both chronic and episodic stress have been linked to the onset of major 

depression (e.g., Hammen, 2005; Kendler et al., 1999; Kessler et al., 1997; Monroe, 

Harkness, Simons, & Thase, 2001; Vrshek-Schallhorn et al., 2015), although the 

etiological mechanisms linking these forms of stress to depression are not particularly 

well-elucidated. In emerging adults, evidence is strongest for the direct effects of recent 

adversity (episodic and chronic stress) on depression onset, and suggests that early 

adversity may both moderate the effect of recent adversity by potentiating greater stress 

sensitization, or by contributing to stress generation in more recent experiences (e.g., 

McLaughlin, Conron, Koenen, & Gilman, 2010). Thus, due to clearer evidence for recent 

stress as contributing to depression etiology, the present study adopts a focus on recent 

chronic and episodic stress, acknowledging that early adversity is likely to be highly 

impactful via its indirect effects. The following section briefly reviews evidence that 

recent episodic and chronic stress are associated with depression. 

Episodic stress. A large body of research has demonstrated that recent episodic 

stress, also referred to as stressful life events, predict the onset of major depressive 

episodes (e.g., G. Brown & Harris, 1978; Kessler, 1997). Additionally, studies 

establishing temporal precedence (i.e., evidence that the stressor indeed preceded 

depressive episode onset) have found that stressful life events likely have causal effects 
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on depression onset (Kendler et al., 1999). In examining the effects of stressful life events 

on depression, four primary qualities of the stressor are typically examined: Severity 

(typically conceptualized as level of “contextual threat” or the level of threat the average 

person would experience given the same context), interpersonal nature (i.e., whether an 

event primarily affects the quantity or quality of an individual’s interpersonal 

relationships), dependence (i.e., whether the individual’s own behaviors, abilities, or 

characteristics caused the stressor), and timing. 

Severity is a key characteristic of a stressful life event that determines whether it 

predicts the onset of a major depressive episode. Stressful life events with moderate or 

severe contextual threat, deemed “major stressful life events,” predict depression onset 

much more robustly than stressful life events with lower levels of contextual threat 

("minor stressful life events;" G. Brown & Harris, 1978; Kendler et al., 2010; Vrshek-

Schallhorn et al., 2015). Although the most parsimonious explanation for this finding is 

that more severe life stressors have more severe and lasting emotional consequences, 

minor stressful life events may also be less reliably recalled by participants during 

retrospective assessments (Brewin, Andrews, & Gotlib, 1993; Monroe, 2008), which may 

mask associations between minor stressful life events and depression onset. However, 

despite the precise reason, evidence overwhelmingly indicates that endorsement of major 

stressful life events more robustly confer risk for depression than minor stressful life 

events.  

The interpersonal nature of a stressor also plays a key role in determining the 

effects of stressful life events on depression onset. In two samples of emerging adults, 
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major interpersonal stressful life events uniquely predicted depression onset over and 

above other forms of life stress, including major non-interpersonal stressful life events 

(Vrshek-Schallhorn et al., 2015). Additionally, major interpersonal stressful life events, 

but not major non-interpersonal stressful life events, interacted with a certain genetic 

variable to predict risk for a major depressive episode (Vrshek-Schallhorn et al., 2014). 

These findings are consistent with theory indicating that social factors are particularly 

important for coping (Coyne & Downey, 1991), and suggest that interpersonal stressful 

life events likely confer greater risk for depression. 

The role of the dependence of a stressor (whether the stressor depends upon on an 

individual’s own behavior, abilities, or characteristics) has also been investigated as a 

feature that influences the effects of stressful life events on depression onset. Independent 

events are considered to be events that are “fateful” and occur regardless of the behavior 

of the individual (e.g., an individual’s house being destroyed in a flood, or the death of a 

loved one). In contrast, dependent events are somewhat or entirely dependent on the 

behavior of the individual (e.g., being fired for poor job performance or an argument with 

a friend). Evidence for the effect of dependence is mixed, however: Some studies have 

found that independent stressful life events more strongly predict depression (Monroe et 

al., 2006; Stroud, Davila, Hammen, & Vrshek-Schallhorn, 2011), while other findings 

indicate that dependent stressful life events may be more strongly linked to depression 

occurrence (Hammen, Mayol, DeMayo, & Marks, 1986; Kendler et al., 1999). Still other 

studies have found no difference between effects of dependent and independent stressful 

life events on depression onset (e.g., Vrshek-Schallhorn et al., 2015). Thus, although 
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stressor dependence has been thought to play an important role in determining the effects 

of stress on depression, there is not currently strong evidence for this notion. 

Last, the timing of stressful life events is particularly important for predicting its 

effects on depression onset. One of the first studies to examine the duration of stressful 

life event depressogenic effects estimated that effects last for approximately 9 weeks (G. 

Brown & Harris, 1978). A more recent study utilizing a sophisticated decay model found 

that stressful life events significantly predicted depression onset for no more than 13 

weeks following the event (Surtees & Wainwright, 1999). Last, a third study found that 

the strongest effects of stressful life events on depression onset typically occur in the 

month following the event, with increased risk lasting no more than three months 

following the event (Kendler et al., 1998). Thus, available evidence indicates that 

stressful life events have a relatively short window of three months or less in which they 

contribute to depression onset, with little evidence for long-term depressogenic effects. 

Chronic Stress. The experience of chronic stress, or extended stressful 

circumstances over time, has also been linked to depression onset (Hammen, 2005; 

Vrshek-Schallhorn et al., 2015). Notably, chronic stress is typically not conceptualized 

according to dependence (most chronic stressors are due to both controllable and 

uncontrollable factors) or timing. Furthermore, chronic stressor severity is typically only 

examined continuously rather than being divided dichotomously into “major” or “minor” 

stressors. However, chronic stress is typically assessed across life domains (e.g., family 

relationships, social relationships, finances; Hammen et al., 1987), and these domains 

may be categorized as either interpersonal or non-interpersonal in nature (e.g., Vrshek-
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Schallhorn et al., 2015). Similar to stressful life events, interpersonal, but not non-

interpersonal, chronic stress was uniquely associated with depression onset over and 

above other forms of stress (Vrshek-Schallhorn et al., 2015), and interpersonal (but not 

non-interpersonal) chronic stress was associated with depression recurrence in emerging 

adults (Sheets & Craighead, 2014). Together, these findings suggest that interpersonal 

chronic stress may be more impactful in conferring depression risk than non-

interpersonal chronic stress. 

Life Stress and Reward Deficits 

One potential contributing mechanism in the pathway between life stress and 

depression is deficient reward functioning. In both humans and animal models, various 

forms of experimentally-induced stress have been shown to alter reward processes. 

Animal studies especially have provided strong evidence for a causal link between 

chronic stress and anhedonic behavior (for a review, see Willner, 2005). For instance, rats 

exposed to chronic mild stress display reduced consumption of sucrose solutions (Bekris, 

Antoniou, Daskas, & Papadopoulou-Daifoti, 2005; Elizalde et al., 2008) and reduced 

preference for spaces where rewards have been administered (Papp et al., 1991). In 

human studies, acute laboratory-induced stress has been shown to induce deficits in 

reward learning (Bogdan & Pizzagalli, 2006), especially in individuals with greater 

cortisol reactivity to stress (Avery, Ironside, Whitton, Pizzagalli, & Vrshek-Schallhorn, in 

preparation). Supporting the generalizability of the impact of stress on positive valence 

systems, naturalistic life stress has been associated with behavioral symptoms of 

anhedonia (Lumley & Harkness, 2007), as well as neural abnormalities in reward 
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processing (Dillon et al., 2009). The following sections will briefly review evidence that 

stress elicits deficits in reward processes in animals and humans. 

Stress Effects on Behavioral Reward Processes in Animals 

 Chronic Stress. Research utilizing animal models of depression overwhelmingly 

indicates that chronic stress causes behavioral reward deficits. This effect was first shown 

in a seminal study by Katz, Roth, and Carroll (1981), who found that rats exposed to 95 

dB of white noise for one hour (interpreted as an acute stressor) exhibited greater levels 

of behavioral activity than control mice, while rats that were chronically exposed to 

unpredictable and various forms of stress over the course of 21 days showed reduced 

behavioral activity. A follow-up study then found that a similar chronic stress procedure 

caused rats to reduce their consumption of sweet solutions (sucrose and saccharine), an 

effect that was reversed by administration of tricyclic antidepressants (Katz, 1982). 

 Much evidence that chronic stress causes disruptions in reward processes in 

animals has been derived from studies utilizing the Chronic Mild Stress (CMS) paradigm, 

an adaptation of the chronic stress protocol used by Katz et al. (1981). In this paradigm, 

rodents are exposed at unpredictable time intervals to a variety of mild stressors over the 

course of several weeks, and then examined for signs of behavioral reward deficits (e.g., 

reduced sucrose consumption; Willner, Muscat, & Papp, 1992; Willner et al., 1987). 

Although this procedure has at times produced inconsistent or even opposite effects, 

including the original research team reporting difficulty replicating effects after moving 

to a new facility (Willner, 1997) and others finding that it resulted in greater sucrose 

consumption (Murison & Hansen, 2001), the vast majority of studies utilizing the CMS 
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paradigm have found that it causes deficits in behavioral reward processes (for reviews, 

see Willner, 2005, 2017a, 2017b). 

 The CMS paradigm has been used to show that a variety of reward-related 

behaviors are impaired under chronic stress. The most common behavioral outcome used 

in this paradigm is the consumption of sweet solutions (most commonly sucrose and 

saccharine); several studies have found that CMS reduces that amounts of sweet solutions 

consumed by rodents (Bekris et al., 2005; Muscat, Towell, & Willner, 1988; Papp & 

Moryl, 1994; Willner et al., 1987), with one study observing reduced sucrose 

consumption one month after the discontinuation of CMS (Elizalde et al., 2008). 

However, CMS has been shown to induce deficits in a number of other reward-related 

behaviors as well, including preference for sites of food (Muscat, Papp, & Willner, 1992) 

and drug (Papp et al., 1991) administration, and frequency of sexual behaviors in male 

rodents (Brotto, Gorzalka, & LaMarre, 2001; D'Aquila, Brain, & Willner, 1994). 

 Additional chronic stress paradigms have also been shown to cause blunted 

reward-related behaviors in animal models. Two additional common paradigms are 

restraint stress, in which rats are placed in a small tube for several hours a day for several 

weeks, and social subordination, in which subjects are placed in the cage of a dominant 

rat and attacked, and then placed in a separate compartment within the dominant rat’s 

cage. Restraint stress for 6-hours per day for 28 days induced multiple forms of reward 

learning deficits in rats (Xu et al., 2017). Specifically, rats exposed to restraint stress 

showed deficits in operant conditioning as operationalized by performing fewer lever 

presses to receive sucrose pellets, as well as deficits in modulating their behavior to 
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receive rewards following increases in a fixed-ratio reinforcement schedule. Rats exposed 

to social subordination exhibited a reduced preference for sucrose and saccharine 

solutions, as well as decreased locomotion (Rygula et al., 2005). Similarly, prairie voles 

subjected to social isolation for four weeks also exhibited reduced consumption of 

sucrose solutions (Grippo et al., 2007). Taken together, this evidence indicates that, 

across multiple paradigms, chronic stress causes deficits in a variety of reward processes 

in rodents. 

 Acute stress. Animal evidence for the effects of acute stressors on reward-

seeking behaviors is less consistent. Several studies have found that acute stressors 

induce deficits in reward processes. For example, rats that were exposed to one hour of 

restraint stress did not show a preference for saccharin solution over water observed in 

control rats for a 24-48 hour after the stressor (Płaźnik, Stefański, & Kostowski, 1989). In 

contrast, rats exposed to brief stressors such a single session of intermittent foot shock or 

two hours of restraint exhibited increases in place-preference for sites of administration 

of addictive drugs, including morphine (Dai, Kang, Wang, & Ma, 2006), nicotine 

(Brielmaier, McDonald, & Smith, 2012), and D-amphetamine (Capriles & Cancela, 

1999). Differences in effects likely depend on a complex interaction of factors such as 

individual differences in genetics of the animal, characteristics of the reward, and 

characteristics of the stressor. For example, one study found that a single session of 

inescapable footshock elicited blunted intracranial self-stimulation of the nucleus 

accumbens (a putatively pleasurable behavior) in one strain of mice, no effects in another 

strain of mice, and increased nucleus accumbens intracranial self-stimulation in a third 
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strain of mice (Zacharko, Lalonde, Kasian, & Anisman, 1987). Differences in the effects 

of stress on reward-seeking behaviors may be partially explained by differences in 

dopaminergic signaling following the stressor in the three strains (Zacharko, Gilmore, 

MacNeil, Kasian, & Anisman, 1990). 

 A characteristic of the stressor thought to influence its effects on reward-seeking 

behavior is its controllability, a construct that is related to (although not synonymous 

with) stress dependence in the human stress literature. In a seminal study, mice that were 

allowed to escape shock by moving into a separate chamber (controllable condition) were 

yoked to partners that could not escape the foot shock (uncontrollable condition) to 

control for timing and duration of shocks delivered across conditions. Notably, mice in 

the uncontrollable condition exhibited decreased rates of nucleus accumbens intracranial 

self-stimulation relative to mice in the controllable condition and a third non-shocked 

group, which did not exhibit changes in rates of self-stimulation (Zacharko, Bowers, 

Kokkinidis, & Anisman, 1983). Additionally, stressor chronicity may play an important 

role in determining behavioral effects of acute stressors: Rats exposed to continuous 

social subordination for 5 weeks exhibited decreased intravenous cocaine self-

administration, decreased preference for sucrose solutions, and decreased motor activity 

while rats exposed to four episodes of social defeat within a 10-day span exhibited 

increased intravenous cocaine self-administration and no changes in sucrose preference 

or motor activity (Miczek, Nikulina, Shimamoto, & Covington, 2011). It has been 

hypothesized that reward processes may become more active in the context of acute or 

controllable stressors to facilitate coping, and may become blunted during prolonged or 
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uncontrollable stress to conserve resources in the face of insurmountable challenges 

(Cabib & Puglisi-Allegra, 2012). Thus, similar to the stress-depression literature in 

humans, characteristics of the acute stressor play a significant role in influencing its 

effects on reward-seeking behaviors in animals. 

Stress Effects on Behavioral Reward Processes in Humans 

 In contrast to animal research, which is characterized by highly controlled 

experimental studies of chronic and acute stress effects, there are relatively few well-

controlled studies in humans. Additionally, due to difficulties in assessing chronic stress 

(and the inability to experimentally induce chronic stress in humans), most studies 

utilizing human participants rely on brief lab-induced stressors. Indeed, despite extensive 

research establishing a link between chronic stress and depression broadly, as well as 

animal research showing a robust association between chronic stress and reward deficits, 

no study to date has examined the effects of recent chronic stress on reward processes 

specifically in humans. 

 Acute stress effects on reward learning. No studies to date have specifically 

examined the effects of acute naturalistic life stress on behavioral reward processes in 

humans. Thus, almost all evidence for acute stress effects on reward processes in humans 

are derived from studies utilizing lab-induced stressors. The most well-studied reward 

process in the context of acute lab-based stress is reward learning. Several studies 

examining the effects of stress on reward learning have used a threat-of-shock paradigm 

in which participants are asked to categorize ambiguous stimuli while attached to an 

electrode that will ostensibly shock them at an unpredictable interval (no shock is 



18 

actually administered). Categories for the stimuli are differentially reinforced using 

monetary rewards, leading to a bias towards placing ambiguous stimuli in that category in 

control samples. Three separate studies utilizing this paradigm have found that 

participants threatened with shock develop less bias (e.g., display lower rates of reward 

learning) relative to control participants (Bogdan, Perlis, Fagerness, & Pizzagalli, 2010; 

Bogdan & Pizzagalli, 2006; Bogdan, Santesso, Fagerness, Perlis, & Pizzagalli, 2011). In 

all three studies, participants in the stress condition did not display deficits in accuracy, 

suggesting that results were specific to reward learning and not due to more general 

cognitive processes (e.g., differences in attentional capacity).  

 Notably, however, several other studies utilizing lab-induced stress have failed to 

replicate this effect. One study utilizing a threat-of-shock paradigm found no group 

differences in reward learning between conditions (Berghorst, Bogdan, Frank, & 

Pizzagalli, 2013), and one study in which participants completed a reward learning 

paradigm following a cold pressor task found that the stress induction resulted in 

enhanced reward learning relative to controls (Lighthall, Gorlick, Schoeke, Frank, & 

Mather, 2013). Additionally, two studies using a common public speaking stress 

manipulation, the Trier Social Stress Test (Kirschbaum et al., 1993), failed to find a main 

effect of stress on reward learning (Avery et al., in preparation; Petzold, Plessow, 

Goschke, & Kirschbaum, 2010), and a third study in which social evaluative threat was 

induced by giving participants negative feedback while completing a probabilistic 

classification test also failed to find a main effect of stress on reward learning (Cavanagh, 

Frank, & Allen, 2010). 
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 Despite these mixed findings, one consistent result has emerged: Individuals with 

physiological markers for heightened or dysregulated neuroendocrine reactivity to 

stress—that is, those who have clearly been impacted by experimental manipulations—

have exhibited blunted reward learning under stress. For example, two studies found that 

participants with genetic polymorphisms associated with dysregulated hypothalamic-

pituitary-adrenal reactivity to stress exhibited blunted reward learning under stress 

(Bogdan et al., 2010; Bogdan et al., 2011). Two additional studies found that heightened 

cortisol reactivity to stress significantly (Berghorst et al., 2013) or marginally (Avery et 

al., in preparation) predicted blunted reward learning under stress, although a third study 

did not observe a significant association between cortisol reactivity to stress and reward 

learning (Petzold et al., 2010). This pattern of findings is consistent with a diathesis-stress 

viewpoint in which individuals differ in their vulnerability to stress, and those who 

demonstrate vulnerability also experience outcomes consistent with greater risk for 

depression. 

 Acute stress and other reward processes. There is also mixed evidence in 

humans for the association of acute stress and risk-taking, a behavior that is influenced by 

a combination of motivational reward and inhibitory control processes (for a review, see 

Mather & Lighthall, 2012; Steinberg, 2008). For example, males asked to complete the 

Balloon Analogue Risk Task in which both potential monetary rewards and risk of 

receiving no money (i.e., the balloon “popping”) are increased with each “pump” tend to 

exhibit more risk-taking behaviors following stress relative to controls, while the opposite 

effect is observed in females (Lighthall, Mather, & Gorlick, 2009). These gender 
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differences are also observed in  Iowa Gambling Task performance, with males selecting 

more “high-risk/high-reward” cards following stress, and females selecting fewer high-

risk cards following stress (Preston, Buchanan, Stansfield, & Bechara, 2007). Last, 

greater levels of self-reported daily hassles  are associated with greater levels of risk-

taking in both male and female adolescents (Galván & McGlennen, 2012). Importantly, it 

is unclear whether results indicating increased risk-taking are due to enhanced reward 

processes or impaired inhibitory control processes under stress. 

 Last, one study found that participants who completed a cold-pressor task in 

which they were ostensibly evaluated by judges were willing to squeeze a hand grip more 

times to smell a pleasant odor than control participants, although conditions did not differ 

in their reported “liking” of the odor (Pool, Brosch, Delplanque, & Sander, 2015). This 

finding suggests that individuals may display an increased willingness to expend effort to 

receive rewards following mild acute stressors. Interestingly, this finding mirrors a 

finding that reward learning was enhanced following a cold pressor task (Lighthall et al., 

2013). These findings may be framed in the context of a reactivity threshold model, such 

that milder stressors (e.g., cold pressor tasks) may enhance motivational components of 

reward, while more severe stressors (e.g., threat of shock) elicit blunted motivational 

reward processes. Although there are not objective data suggesting that one task is 

generally perceived as “more stressful” than the other, stressors that are uncertain in 

nature (e.g., threat of shock) tend to elicit more intense and prolonged emotional 

responses than stressors that are certain (e.g., a cold pressor task that has ended; for a 

review, see Wilson & Gilbert, 2008). Thus, these findings offer further evidence that the 
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characteristics of a stressor are important in determining their effects on reward 

processes. 

Mesolimbic Dopaminergic Signaling and Neural Instantiation of Reward Processes 

 The neurotransmitter dopamine plays a critical role in the etiology of reward 

deficits (Wise, 1982), and individual differences in dopaminergic functioning might 

predict the onset of reward deficits in response to stress (for a review, see Pizzagalli, 

2014). Originating in the ventral tegmental area and projecting to the nucleus accumbens 

and olfactory tubercle, which together form the ventral striatum, as well as the amygdala 

and hippocampus (Fallon & Moore, 1978), mesolimbic dopaminergic neurons exhibit 

two firing modes: a low-frequency “tonic” firing mode, and a higher frequency “phasic” 

(or “burst”) firing mode (Floresco, West, Ash, Moore, & Grace, 2003), the latter of which 

is associated with encoding reward (Grace, Floresco, Goto, & Lodge, 2007). Mesolimbic 

dopaminergic pathways were once thought to encode hedonic properties of reward—such 

as liking or enjoying (e.g., Wise, 1980). However, this theory has been discounted by 

evidence that lesions to dopaminergic pathways do not influence “liking-type” behaviors 

in animal models (Berridge & Robinson, 1998; Berridge, Venier, & Robinson, 1989) as 

well as evidence that hedonic feelings are likely modulated by endogenous opioids (for a 

review, see Berridge, Robinson, & Aldridge, 2009). More recent evidence has resulted in 

two leading views on the role of dopamine in reward processes; these views suggest that 

dopamine is critical to encoding reward learning (Flagel et al., 2011; Schultz, 1998; 

Schultz, Dayan, & Montague, 1997), and the encoding of incentive salience (i.e., the 

experience of "wanting" that is closely tied to reward seeking; for a review, see Berridge, 
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2007) respectively. However, despite debate about its precise role in the neural 

instantiation of the reward system, there is strong evidence to suggest that dopamine 

plays a critical role in anticipatory or motivational, but not consummatory, aspects of 

reward. 

 A large body of research has implicated the ventral striatum, a primary target of 

mesolimbic dopaminergic neurons, as an important region for the encoding of 

motivational reward processes. In addition to projections from the ventral tegmental area, 

the ventral striatum receives afferent projections from a number of regions known to play 

a key role in motivational aspects of reward, such as the amygdala (McDonald, 1991), 

hippocampus (McGeorge & Faull, 1989), anterior cingulate cortex (Kunishio & Haber, 

1994; Müller-Preuss & Jürgens, 1976) and orbitofrontal cortex (Zald & Kim, 1996a, 

1996b), among other regions. In monkeys, microelectrode single-neuron recordings 

indicated that increased ventral striatum signaling was elicited by the presentation of 

conditioned stimuli that were associated with reward (Schultz et al., 1992). 

Assessing ventral striatal activation using blood oxygen-level dependent 

response. In humans, the ventral striatum reliably shows a robust blood oxygen-level 

dependent (BOLD) response during reward anticipation, but not consumption of rewards 

(Knutson, Adams, et al., 2001; Knutson, Fong, et al., 2001; Knutson, Westdorp, Kaiser, 

& Hommer, 2000). Simply stated, the BOLD response is a measure of the hemodynamic 

change in blood flow thought to be caused by an increased demand of a given brain 

region for oxygen associated with an increase in neural activity in that region (Logothetis, 

2002; Ogawa, Lee, Kay, & Tank, 1990). Indeed, there is an abundance of evidence that 
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ventral striatal BOLD reactivity is substantially correlated with increased dopaminergic 

signaling within the ventral striatum (for a review, see Knutson & Gibbs, 2007). For 

example, simultaneous microdialysis and fMRI indicated that extracellular dopamine in 

the nucleus accumbens follows a similar dynamic profile as the BOLD response 

following amphetamine administration (Chen et al., 1997). Similarly, a biologically-

informed multilocus profile putatively associated with greater dopaminergic signaling 

was associated with an enhanced BOLD response in the ventral striatum during reward 

(Nikolova, Ferrell, Manuck, & Hariri, 2011). Further supporting the role of the ventral 

striatum in reward processing, one study using positron-emission tomography to assess 

dopaminergic signaling found that reward anticipation but not receipt was associated with 

dopaminergic signaling in the ventral striatum (de la Fuente-Fernández et al., 2002). 

Thus, measurement of the BOLD response is widely accepted as a valid indicator of 

neural activity in a given brain region, and there is strong evidence that the BOLD 

response in the ventral striatum specifically is indicative of dopaminergic signaling in 

that region. 

Stress effects on dopaminergic signaling 

 The experience of both chronic and acute stress influences dopaminergic 

signaling in humans and non-human animals (for reviews, see Cabib & Puglisi-Allegra, 

2012; Hollon, Burgeno, & Phillips, 2015; Pani, Porcella, & Gessa, 2000; Pizzagalli, 

2014). Interestingly, however, stress appears to differentially affect mesolimbic 

dopaminergic signaling depending on qualities of the stressor (e.g., severity, chronicity, 

controllability), although the precise mechanisms by which it does so are also unclear 
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(Hollon et al., 2015; Pizzagalli, 2014). For example, rodent models suggest that exposure 

to novel stressors (restraint) temporarily induces increased dopaminergic signaling 

(Imperato, Cabib, & Puglisi-Allegra, 1993) that may facilitate coping behavior (for a 

review, see Cabib & Puglisi-Allegra, 2012). However, following repeated severe or 

uncontrollable stressors, rodents exhibit blunted mesolimbic dopaminergic signaling in 

response to restraint (Imperato et al., 1993), which may be associated with helplessness 

(Cabib & Puglisi-Allegra, 2012). The following section reviews the effects of stress on 

dopaminergic signaling and ventral striatal functioning in humans and animals.  

 Stress effects on dopaminergic signaling in non-human animals. A number of 

studies utilizing rodent models have established that acute stressors cause greater 

dopaminergic signaling, and chronic stressors typically elicit blunted dopaminergic 

signaling (for a review, see Cabib & Puglisi-Allegra, 2012). For example, in rats, 

intermittent tail shocks elicited a 25-39% increase in free dopamine in the ventral 

striatum relative to controls (Abercrombie et al., 1989), and two hours of acute restraint 

stress also elicited increased dopaminergic signaling in the ventral striatum (Imperato, 

Puglisi-Allegra, Casolini, & Angelucci, 1991). Similarly, one episode of social defeat 

elicited greater ventral tegmental area phasic dopaminergic signaling (Anstrom, Miczek, 

& Budygin, 2009), an effect that was observed three weeks following the stressor in an 

independent replication (Razzoli, Andreoli, Michielin, Quarta, & Sokal, 2011). 

 However, as stressors are repeated, increases in dopaminergic signaling become 

progressively smaller in magnitude until the stressor eventually elicits blunted 

dopaminergic signaling. For example, daily restraint stress lasting 60 minutes initially 
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elicited increases in nucleus accumbens extracellular dopamine, but this effect decreased 

each day and was not observed at all by the fourth day of testing (Imperato, Angelucci, 

Casolini, Zocchi, & Puglisi-Allegra, 1992). Additionally, rats exposed to 240 minutes of 

restraint stress showed a biphasic response—nucleus accumbens extracellular dopamine 

initially increased, but gradually decreased until dopamine levels were significantly lower 

than levels in unstressed rats (Puglisi-Allegra, Imperato, Angelucci, & Cabib, 1991). 

Last, rats exposed to daily restraint stress for 6 days did not exhibit increased 

extracellular dopamine on the sixth day, and exhibited blunted extracellular dopamine in 

the nucleus accumbens following 80 minutes of restraint stress (Imperato et al., 1993), 

further supporting that more prolonged stress results in blunted dopaminergic signaling. 

 Similarly, stressor controllability is also an important variable in determining 

dopaminergic activity following stress, with controllable stress typically eliciting 

increased phasic dopaminergic signaling, and uncontrollable stress typically eliciting 

blunted dopaminergic signaling. For example, in a study mirroring that by Zacharko et al. 

(1983), mice exposed to controllable shock that could be escaped by entering a different 

chamber of their enclosure exhibited increases in extracellular nucleus accumbens 

dopamine, while yoked mice (i.e., mice receiving the same amount of shock at identical 

intervals) that could not control the shock exhibited blunted extracellular dopamine in the 

nucleus accumbens (Cabib & Puglisi-Allegra, 1994). Other research probes the role of 

individual differences in mouse temperament as it relates to dopamine and stress 

responding. Interestingly, mice that displayed social avoidance behaviors (deemed 

“susceptible mice”), exhibited increased firing of ventral tegmental area dopaminergic 
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neurons when faced with chronic (10 days) social defeat (Cao et al., 2010). These 

“susceptible mice” also displayed a lack of preference for sucrose under stress. Although 

it is unclear why differential effects are seen in these mice and findings related to 

temperament have not been replicated, these findings collectively suggest that differences 

in both the stressor and individual differences in the organism can influence the effects of 

stress on dopaminergic signaling. 

  Stress effects on neurobiological substrates of reward in humans. Few studies 

have examined the effects of stress on neurobiological substrates of reward in humans. In 

fact, a thorough literature review found one study examining the effects of lab-induced 

stress, three studies examining the effects early life stress, and no studies examining the 

effects of recent chronic or episodic life stress on neural reactivity to reward in humans. 

 One study examining the effects of lab-induced stress found that participants who 

were exposed to a cold pressor task for two minutes before a card-guessing task that 

elicits reward reactivity did not show robust ventral striatal reactivity observed in control 

participants (Porcelli, Lewis, & Delgado, 2012). However, although participants did not 

differ in their reaction times to the card guessing task, it is unclear whether this difference 

in neural reactivity is due to specific deficits in reward reactivity, or due to general 

disengagement with the task due to pain-related distraction. 

Several studies have examined the relationship between early life adversity and 

ventral striatal reactivity to reward. One study assessed the cumulative number of events 

endorsed by parents on a stressful life events checklist covering kindergarten through the 

twelfth grade and found that cumulative life stress for childhood through adolescence was 
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associated with lower levels of ventral striatal reactivity to monetary rewards at age 26 

(Hanson et al., 2015). A second study examining the effects of childhood maltreatment 

found that self-reported maltreatment prior to age 14 was associated with blunted left 

globus pallidus (a region closely linked with the ventral striatum) reactivity during 

reward anticipation in early adulthood. Third, a study examining the effects of social 

stress on 11-12 year-old girls found that low parental warmth, but not self-reported peer 

victimization (both assessed via questionnaires), was associated with blunted ventral 

striatal, medial prefrontal cortex, and amygdala reactivity to reward at age 16 (Casement 

et al., 2014).  

 Notably, although all three studies consistently support that naturalistic life stress 

is associated with blunted ventral striatal reactivity to reward, several critical gaps in the 

literature remain. First, all three studies utilized questionnaires or self-report checklists, 

and none used gold-standard semi-structured stress interviews. Thus, it is likely that the 

effect sizes in these studies underestimate the true effect of life stress on ventral striatal 

reactivity to reward due to measurement error, or may even be spurious all together due 

to recall bias for negative events in individuals prone to depression. Second, there are 

currently no studies examining the effects of recent chronic or episodic life stress on 

neural reactivity to reward, which is a critical gap in the literature in light of evidence 

suggesting that stressful life events typically do not increase the risk for depression onset 

after 3 months (Kendler et al., 1998) and other evidence that recent forms of stress 

account for a majority of the environmental contribution to depression (Kendler & 

Gardner, 2017). Third, no studies to date have examined the ways that key characteristics 
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of a stressor (e.g., severity, interpersonal nature, and dependence) exhibit differential 

effects on neural instantiation of reward processes. This is also a crucial gap in the 

literature given the extensive evidence in the human literature that these factors influence 

the association between stress and depression (Vrshek-Schallhorn et al., 2015), and 

evidence from animal models that these factors moderate the effects of stress on reward 

processes (Cabib & Puglisi-Allegra, 2012). 

Diathesis-Stress Models 

Although the animal literature suggests that it will be possible to detect main 

effects of stress at the level of neural functioning in humans, significant evidence also 

suggests that stress interacts with individual vulnerability or resilience factors to predict 

deficits (Monroe & Simons, 1991). For example, trait neuroticism, an individual 

difference linked to poor emotion regulation (Bono & Vey, 2007) and dysregulated 

physiological response to stress (Oswald et al., 2006; Phillips, Carroll, Burns, & Drayson, 

2005), moderates the relationship between life stress and depression such that individuals 

with greater trait neuroticism show increased levels of depression in the context of life 

stress (T. A. Brown & Rosellini, 2011). Thus, it is unclear whether main effects of stress 

will be associated with neural functioning or whether those effects might be identifiable 

only in a vulnerable subgroup of the population.  

One individual difference that may be particularly salient in predicting risk or 

resilience of reward-related dysfunction in response to stress is Grit. Simply stated, Grit 

is defined as passion and perseverance in the pursuit of long-term goals (Duckworth, 

Peterson, Matthews, & Kelly, 2007), and is closely linked to the Big 5 personality trait of 
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conscientiousness (Credé, Tynan, & Harms, 2017; Rimfeld, Kovas, Dale, & Plomin, 

2016). Notably, Grit has been shown to predict perseverance and success in a number of 

stressful contexts, including surgical residency (Salles et al., 2017), military special 

forces training (Eskreis-Winkler, Duckworth, Shulman, & Beal, 2014), and academics 

(Duckworth et al., 2007). Thus, Grit may be characterized as the result of top-down self-

regulatory processes that allow an individual to continue pursuing long-term goals in 

spite of stress and adversity.  

 Grit has also been linked specifically to reward-related processes: Individuals 

with higher levels of Grit also tend to have higher levels of positive affect (Hill, Burrow, 

& Bronk, 2016). Furthermore, individuals with higher levels of Grit exhibit larger grey 

matter volume in the putamen (Wang et al., 2018), a structure of the dorsal striatum that 

is linked to reward-related processes (for a review, see Balleine, Delgado, & Hikosaka, 

2007). Finally. Grit has also been positively correlated with resting-state connectivity 

within ventral striatal networks, particularly between the ventral striatum medial 

prefrontal and rostral anterior cingulate cortices (Myers, Wang, Black, Bugescu, & Hoeft, 

2016), two regions strongly implicated in top-down emotion regulation (for a review, see 

Etkin, Egner, & Kalisch, 2011). Thus, Grit is a possible risk/resilience factor for stress-

related reward system dysfunction.  

Despite the possibility of diathesis-stress interactions predicting reward 

functioning, the present study was primarily designed to test a main effects model rather 

than a diathesis-stress model because of a) the clear main effects of stress in animal 

research, b) the potential for moderating personality traits to act downstream of basic 
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neural functioning rather than contributing to neural functioning, c) the scant previous 

literature examining risk/vulnerability factors specific to reward, and d) presumably 

greater power to identify main effects of stress. 

The Present Study 

 The present study sought to fill critical gaps in understanding stress and reward 

functioning. Here, I examined the associations between recent chronic and episodic life 

stress, assessed via a semi-structured life stress interview, and ventral striatal reactivity to 

reward, assessed using the blood oxygen-level dependent (BOLD) response during a 

functional magnetic resonance imaging (fMRI) scan. Additionally, consistent with work 

in the broader depression literature, I examined how life stress within interpersonal and 

non-interpersonal domains independently predict ventral striatal reactivity to reward. I 

hypothesized that 1) ventral striatal BOLD reactivity during reward anticipation is 

negatively associated with combined recent chronic and episodic stress severity for 

interpersonal (“Overall Interpersonal Stress”), but not recent non-interpersonal life stress 

(“Overall Non-Interpersonal Stress”). Additionally, I hypothesized that 2) this effect 

would be observed for both chronic and episodic interpersonal stress individually, but not 

chronic or episodic non-interpersonal stress. Last, I hypothesized that 3) episodic life 

stress severity would be negatively associated with ventral striatal reactivity to reward for 

major, but not minor, stressful life events. Given mixed results in the literature on 

depression etiology, I did not make hypotheses for whether dependent or independent 

stressful life event severity would be uniquely associated with ventral striatal reactivity to 

reward; however, I planned to examine the differential effects of stressor dependence in 
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an exploratory analysis. Additionally, although the primary goal of this study was to 

examine a main effects model of stress, I conducted an exploratory analysis examining 

the possible moderating effects of Grit on the relationship between stress and ventral 

striatal reactivity to reward.
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CHAPTER II 

METHODS 

 

 

Participants 

 Participants consisted of 53 right-handed individuals aged 18-26. This age 

range was selected due to evidence that “emerging adulthood” is one of several critical 

developmental stages for first onset of depression (Rohde, Lewinsohn, Klein, Seeley, & 

Gau, 2013). Individuals with a history of neurological disorder or head trauma (including 

concussions), implanted electronic devices (e.g., pacemaker, neurostimulator), cerebral 

aneurysm clips, or metallic shrapnel, as well as individuals currently using psychoactive 

medications, were excluded from the study. Women who were pregnant were also 

excluded from the study, as there is insufficient data to determine whether magnetic 

resonance imaging has deleterious effects in this population. Despite screening 

participants twice prior to the MRI scan, two participants disclosed during the interview 

portion of the study that they were taking psychotropic medications and were excluded 

from analyses. An additional 5 participants exhibited excessive motion (> 1.5 mm) 

during the Monetary Incentive Delay task and were excluded from all analyses. Thus, the 

final sample included in our analyses consisted of 46 participants (38 female, 8 male; 18 

White, 13 African American, 9 Hispanic, 4 Asian, 2 multi-racial; age M = 19.52 (18-26) 

years). Within this final sample, one participant did not complete the Grit scale, and was
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therefore excluded from analyses including the variable Grit but was included in all other 

analyses. 

Participants were recruited using fliers posted around the UNCG campus and via 

an Introductory Psychology Subject Pool. Fliers indicated that “Participants are paid $75 

in cash, have the opportunity to earn bonus money during computer tasks, and will get to 

keep a picture of their brain.” The “bonus money” was used as an incentive to increase 

participant engagement during fMRI tasks. All community participants (i.e., individuals 

who were recruited via fliers) were paid $80 total (i.e., $75 plus $5 bonus) regardless of 

their performance on the MRI tasks. Introductory Psychology Subject Pool participants 

earned class credit and were told they could win “bonus money” during their 

participation, and all were paid a $5 bonus. Participants received a standard screening for 

magnetic resonance safety (e.g., to screen for ferromagnetic bodily implants) over the 

phone. Eligible individuals completed an initial questionnaire battery and 7 daily diaries 

as part of a larger study prior to participating in the MRI portion of the study. Participants 

were screened for current or past manic episodes using the SCID-I/NP due to evidence 

that reward processes are substantially altered in individuals with Bipolar Disorder 

(Dutra, Cunningham, Kober, & Gruber, 2015; Nusslock et al., 2012); however, no 

participants in this sample screened positive for a history of manic episodes. 

Materials 

Functional Magnetic Resonance Imaging Acquisition: All images were 

acquired on a Siemens 3.0 Tesla MR Scanner. First, to obtain structural images for 

normalization and registration of functional images, participants completed a three-
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dimension magnetization-prepared rapid gradient echo (MP-RAGE) sequence, a 

relatively high-resolution T1-weighted whole-brain structural imaging sequence (Mugler 

& Brookeman, 1990). Blood-oxygen-level dependent (BOLD) functional images were 

acquired during functional scans using a gradient echo planar imaging sequence 

(repetition time [TR] = 2000 ms, echo time [TE] = 25 ms, field of view [FOV] = 20 cm. 

Field maps were acquired to facilitate echo planar imaging distortion correction during 

analyses. Total scan time was approximately 40 minutes.  

Monetary Incentive Delay Task. During the fMRI scan, participants completed 

a frequently employed reward task, the Monetary Incentive Delay task (MID; Knutson et 

al., 2000). This task was programmed in E-PRIME Standard 2.0 (Psychology Software 

Tools Inc., Pittsburgh, PA) and consisted of 90 6-second trials during which participants 

attempted to win a monetary reward. Participants interacted with the task using an MR-

compatible serial response (SR) box. In each trial, participants viewed a cue shape (2000 

milliseconds), followed by a fixation cross (variable anticipation period; 2000-2500 

milliseconds), and then attempted to press a button using their index finger during the 

presentation of a target of variable duration. Target durations was determined by 

participant reaction times recorded during a 90-trial practice session and were calibrated 

so that participants would succeed on approximately 66% of all trials. Following the 

target presentation, participants viewed feedback (1920 milliseconds) displaying whether 

they gained or lost money on the trial, and their total earnings for the task. Participants 

completed three basic task conditions: 1) a reward condition, in which participants won 

money if they pressed the button during the target display; 2) a punishment condition, in 
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which participants lost money if they were not able to press the button during the target 

display; and 3) a control condition, in which participants did not gain or lose money 

regardless of their performance. Cue shapes indicated the condition at the beginning of 

each trial: A circle indicated the reward condition, a square indicated the punishment 

condition, and a triangle indicated the control condition. There were also four levels 

within each of the reward and punishment conditions, such that the amount they would 

gain or lose was indicated to the participant by the number of lines inside the cue shape. 

Shapes with zero lines were worth $0.00 (control conditions), shapes with one line were 

worth $0.20, shapes with two lines were worth $1.00, and shapes with three lines were 

worth $5.00. Only “reward” trials (circles with 0, 1, 2, or 3 lines) were included in 

analyses. Participants were told that the money they receive would be proportional to the 

monetary value displayed on the screen. 

UCLA Life Stress Interview. Following the MRI scan, participants completed 

the UCLA Life Stress Interview (LSI; Hammen et al., 1987). This interview was used to 

assess chronic life stress occurring in the previous 6 months within 4 interpersonal (best 

friend, social circle, romantic relationships, family relationship) and 5 non-interpersonal 

(academics, occupational work, finances, own health, family’s health) domains. The LSI 

also assesses episodic life events both in the context of each life domain and via a series 

of miscellaneous events (e.g., moving, being the victim of a crime, auto accidents) probed 

at the interview’s conclusion. The interviewer assigned a chronic stress score for each 

domain on a scale ranging from 1 (least stressful circumstances) to 5 (most stressful 

circumstances). All interviews were conducted by a trained graduate student (BMA) who 
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has demonstrated competence in administering and rating the LSI by conducting a “mock 

interview” with the lab principle investigator, an expert in life stress assessment (SVS), 

and by matching a set of internal “gold standard” ratings (within 0.5 points) for chronic 

stress on pre-recorded interviews. Each episodic stressful life event was then presented 

by the interviewer to a team of two or more raters trained in the LSI who were blind to 

the participant’s response to the event and any psychiatric diagnoses the participants may 

have. Blind raters scored each event on severity (from 1-5 in increments of 0.5), 

independence (1-5 in increments of 1, with 1 being fateful and 5 being dependent on the 

participant), and interpersonal status (whether the event primarily impacted the quality or 

quantity of the participant’s relationships, coded 0 or 1), and assigned a code indicating 

event type (e.g., romantic breakup). In the event of initial rating discrepancies, raters 

discussed the event ratings until a consensus was reached. Events with a severity rating of 

1 were considered “non-events,” and were excluded from analyses. Episodic stressors 

with a severity rating of 2.5 or greater were classified as “major stressful life events,” 

while stressors with a severity rating of 1.5 or 2.0 were considered “minor stressful life 

events” (Vrshek-Schallhorn et al., 2014). Additionally, events with dependence scores of 

1-2 were classified as “independent,” while events with dependence scores of 3-5 were 

classified as “dependent.” 

Mini-Mood and Anxiety Symptom Questionnaire (MMASQ). Participants 

completed the MMASQ, a 26-item measure assessing symptoms of depression and 

anxiety (Casillas & Clark, 2000). The MMASQ is composed of 3 sub-scales: General 

Distress, Anhedonic Depression, and Anxious Arousal. The 8-item General Distress 
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subscale (present sample, α = 0.92), a measure of non-specific depression and anxiety, 

was used as a covariate in regression analyses described below. The General Distress 

subscale was utilized as a covariate to rule out the possibility that any observed reward-

related differences in neural reactivity was due to the general relationship between stress 

and depression. The Anhedonic Depression subscale was not utilized for this purpose due 

to its specific measurement of reward-related constructs rather than general depression. 

Grit-S Scale. For secondary analyses, participants completed the short form of 

the  Grit Scale (Duckworth & Quinn, 2009), an 8-item measure assessing “Grit,” a 

construct closely related to the Big-5 trait of conscientiousness, with an additional 

component of perseverance in the face of adversity (Credé et al., 2017). The Grit-S Scale 

has good internal consistency (α = 0.77) and is composed of two factors: Consistency of 

interests and Perseverance of effort (Duckworth et al., 2007). Although each factor has 

good internal consistency, most prior work has utilized the entire scale score as an overall 

measure of “Grit,” and the overall scale score was utilized in analyses in the present 

study. 

Procedures 

All procedures were approved by the IRB of the University of North Carolina at 

Greensboro. All interested individuals received an initial screening for study eligibility 

over the phone. Eligible participants then completed an initial survey of several 

questionnaires including the MMASQ and Grit Scale, and 7 daily diary entries as part of 

a larger study prior to being scheduled for the MRI scan. Prior to the MRI scan, 

participants received a second standard magnetic resonance safety screening and 
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informed consent. Following provision of informed consent and completion of a standard 

MR safety screening, participants completed 1) a brief questionnaire about their current 

affect (not included in this study) and 2) practice runs of three tasks they completed in the 

MRI scanner (the MID task and two tasks not included in this study). Prior to entering the 

scanner, participants received a brief explanation of MRI safety protocols, and were 

instructed on the use of an emergency ball and stimulus response box. Participants then 

completed the MRI scan. 

Following completion of the MRI scan, participants completed a follow-up 

session no more than two weeks after the scan during which participants completed the 

UCLA Life Stress Interview (LSI; Hammen et al., 1987) and the Mood Disorders module 

of the Structured Clinical Interview for DSM-IV, non-patient edition (SCID-I/NP; First, 

Spitzer, Gibbon, & Williams, 2001; not examined in this proposal). Following the 

interview, participants were compensated with money or class credit, plus a $5 bonus. 

Statistical Analyses 

LSI Data Reduction. To examine “overall” effects of stress, an omnibus test 

strategy for examining the effects of chronic and episodic stress with a composite index 

was utilized. Chronic stress ratings for each interpersonal and non-interpersonal domain 

were averaged to create Chronic Interpersonal and Non-Interpersonal Stress scores. 

These scores were then mean-centered and standardized across all participants as z-

scores. Because stressful life events retain statistically significant impact for no more 

than three months (Kendler et al., 1998; Surtees & Wainwright, 1999), I computed the 

sum of severity scores for interpersonal and non-interpersonal stressful life events 
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occurring in the 3-months prior to the scan. Events occurring between MRI and LSI 

administration were excluded from analyses. These scores were summed for 

interpersonal and non-interpersonal events for each participant, and then mean-centered 

and standardized as z-scores across all participant. Last, I averaged each participant’s 

standardized chronic and episodic severity scores within the interpersonal and non-

interpersonal domains to create Overall Interpersonal and Non-Interpersonal Stress 

severity composite scores to minimize multiple testing. 

For secondary analyses examining differential effects of major versus minor 

stressful life events, I calculated Major and Minor Stressful Life Event Severity Scores by 

summing all stressful life events with a severity rating of 2.5 or greater (for major events) 

and 2.0 or less (for minor events) respectively. I then standardized these scores by 

calculating z-scores based on summed severity ratings across participants within each 

domain (major interpersonal, major non-interpersonal, minor interpersonal, minor non-

interpersonal). 

For exploratory analyses examining whether stressor dependence plays a role in 

influencing its effects on reward, I separately summed the severity scores for all 

dependent and independent stressful life events to create Dependent and Independent 

Stressful Life Event severity scores. 

fMRI Pre-processing. Structural images were brain-extracted (i.e., non-brain 

material such as skull and eyes was removed from head images) using Advanced 

Normalization Tools Brain Extraction Tool (Avants, Tustison, & Song, 2009); data were 

visually examined for each participant to ensure adequate removal of all non-brain tissue 
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and inclusion of all brain tissue, and no significant problems were identified. The 

remainder of pre-processing was conducted using programs from the FMRIB Software 

Library (FSL), described below. Data were spatially smoothed using a 6 mm full-width at 

half-maximum Gaussian filter, slice-timing corrected using Fourier-space time-series 

phase-shifting based on interleaved slice acquisition, motion corrected using FSL 

MCFLIRT (Jenkinson, Bannister, Brady, & Smith, 2002), and subjected to highpass 

temporal filtering. Functional images were registered to high resolution structural images 

using FSL FLIRT linear registration with a “Full Search BBR” algorithm (Jenkinson et 

al., 2002; Jenkinson & Smith, 2001). Registration to standard stereotactic space was then 

completed using FNIRT nonlinear registration using a 12 degree-of-freedom search 

(Andersson, Jenkinson, & Smith, 2007). To mitigate signal loss in anterior-ventral 

regions that are prone to distortion due to the presence of sinus cavities, distortion 

correction was applied using fieldmaps constructed for each participant from phase and 

magnitude images acquired during scanning (Jenkinson, 2003). Data were visually 

inspected to ensure these processes achieved adequate registration of functional to 

structural images for each participant, and no significant issues were identified.  

fMRI Data Analyses. Functional MRI data analyses were completed using fMRI 

Expert Analysis Tool Version 6.0 (Version 6.0; Woolrich, Ripley, Brady, & Smith, 

2001). Canonical hemodynamic response functions were estimated during the 

anticipation phase of each reward trial using gamma functions with width fixed to the 

moment the MID cue first appeared to the moment that the MID target appeared (i.e., the 

period of the trial during which the participant was anticipating the possibility of 
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receiving a reward). FSL FILM pre-whitening with local auto-correlation correction was 

applied to time-series during the estimation of these statistics (Woolrich et al., 2001). I 

then constructed first-level (person-level) linear contrasts assessing differential BOLD 

responses to cumulative reward versus control conditions, coding neutral, small, medium, 

and large reward trials as -3, 1, 1, 1 respectively. These analyses generated “contrast of 

parameter estimate” values for each voxel, which cumulatively formed contrast of 

parameter estimate maps for each participant (i.e., a map of the brain with a contrast 

value computed for each voxel). 

First-level contrast estimates were then subjected to FSL MELODIC 

(Multivariate Exploratory Linear Decomposition into Independent Components) 

Probabilistic Independent Components Analysis Version 3.14 (Beckmann & Smith, 

2004), consistent with best-practices to reduce functional signal artifacts cause by motion 

or biological features (e.g., white matter tracts). Individual components for each 

participant were visually examined to identify well-established motion-related (e.g., rings 

of activation on distal surface of the brain) and physiological (e.g., high-intensity signals 

closely following white-matter tracts)  artifacts that may result in “false-positive” signals. 

Although the visual identification of such artifacts is inherently subjective, I maintained a 

conservative approach, identifying components as artifacts only if they closely resembled 

well-established artifact patterns that are not associated with known brain networks. To 

further maintain a conservative approach, components containing activation within the 

region of interest were not selected, even if aspects of the component resembled a 

possible artifact. Components identified as artifacts were then regressed out of individual 
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contrast of parameter estimate maps prior to applying these maps to higher-level 

analyses. 

Region-of-Interest Analysis: A binary mask of the ventral striatum was created 

using the Oxford-Imanova Striatal Structural Atlas in FSLView (Lancaster et al., 2000; 

Mazziotta et al., 2001). This mask was applied to second-level analyses to limit 

parametric tests to the ventral striatum. I then constructed second-level random effects 

models examining the sample averages for first-level contrast of parameter estimate 

values using one-sample t-tests with a p<0.001 cluster threshold, corrected to control the 

family-wise error rate. Stated plainly, this analysis examined the average intensity of 

activation in response to reward anticipation across our sample to determine voxel 

clusters within the ventral striatum that were significantly responsive to reward 

anticipation. 

Binary masks were then created from significant clusters within the ventral 

striatum identified in the second-level analysis. These masks were then applied to first-

level (individual-level) data and the maximum contrast of parameter estimates, calculated 

as a z-score, within these clusters was extracted for each participant. These z-scores were 

entered into OLS regression models during hypothesis testing and are referred to 

throughout the remainder of this document as Ventral Striatal Reactivity to reward 

anticipation. 

Hypothesis testing. Person-level contrast values from clusters in the ventral 

striatum showing a main effect of reward anticipation (“Ventral Striatal Reactivity”) were 

entered into regression models in IBM SPSS Version 25. To address Hypothesis 1 
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(Overall Interpersonal Stress, but not Overall Non-Interpersonal Stress, would be 

negatively associated with Ventral Striatal Reactivity), I regressed left and right Ventral 

Striatal Reactivity onto Overall Interpersonal and Non-Interpersonal Stress in separate 

models (4 models total). To address Hypothesis 2 (Chronic and Episodic Interpersonal 

Stress would independently be negatively associated with Ventral Striatal Reactivity), in 

separate models, I regressed left and right Ventral Striatal Reactivity onto Chronic 

Interpersonal and Non-Interpersonal Stress and Episodic Interpersonal and Non-

Interpersonal Stress. To control the family-wise Type-1 error rate, I chose to only test 

effects of major vs. minor stressful life events and stressor dependence if results for 

Hypothesis 2 showed an overall effect of episodic stress on Ventral Striatal Reactivity. 

To test Hypothesis 3 (Episodic Interpersonal Stress severity would be negatively 

associated with Ventral Striatal reactivity for major, but not minor, stressful life events), I 

planned to regress Ventral Striatal Reactivity onto Episodic Stress Severity Scores for 

Major Interpersonal, Major Non-Interpersonal, Minor Interpersonal, and Minor Non-

Interpersonal stressors in separate models. Last, to examine whether independent or 

dependent stressors exhibit differential effects, I planned to regress Ventral Striatal 

Reactivity on Independent and Dependent Event Severity Scores in separate models. 

Consistent with prior work (Nikolova et al., 2011), biological sex was entered as a 

covariate in all regression models due to evidence of sex-related differences in reward-

related neural reactivity (Spreckelmeyer et al., 2009). Additionally, to control for stress-

related effects on Ventral Striatal Reactivity that may be accounted for by the general 

effect of stress on depressive symptoms, all regression models were constructed with and 
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without MMASQ General Distress as a covariate. Statistics reported below are derived 

from models including MMASQ General Distress as a covariate, unless otherwise noted. 

Power Analysis. Estimating the precise effect size for the association of recent 

life stress and ventral striatal reactivity to reward from pre-existing studies is not 

appropriate, as no studies to date have examined these variables together. Although 

previous studies have examined the effects of recent life stress on depression, the effect 

sizes from these studies would likely underestimate the effects of recent stress on ventral 

striatal reactivity to reward: Neural functioning is considered an intermediate phenotype 

that is likely more sensitive to stress effects than whether someone meets criteria for a 

clinical diagnosis (Meyer-Lindenberg & Weinberger, 2006). Similarly, studies examining 

the effects of early life stress on ventral striatal reactivity to reward likely underestimate 

the effect sizes of hypothesized analyses in this study, as there is evidence that more 

recent stress has a much more robust effect on current diagnostic classification than early 

adversity (Kendler & Gardner, 2017). However, because studies examining the effects of 

genetic variability in the dopaminergic system on ventral striatal reactivity to reward 

estimated an effect size of R2 = 0.10 (Nikolova et al., 2011), and genetics are thought to 

have a much smaller effect on depression than environmental differences (Sullivan et al., 

2000), I anticipated the hypothesized effects in the present study to have at least moderate 

effect sizes. 

Thus, required samples sizes for moderate and large effect sizes were calculated 

using G-Power (Faul, Erdfelder, Lang, & Buchner, 2007), estimating the R2 change with 

3 predictors. Assuming a moderate effect size of R2 = 0.15, a sample of 55 participants 
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would be required to achieve power of 0.80. Assuming a large effect size of R2 = 0.35, a 

sample of 25 participants would be required to achieve power of 0.80. Given the obtained 

sample size included in analyses (N = 46), I conducted a sensitivity analysis that 

estimated power to be approximately 0.73 for a moderate effect size and 0.97 for a large 

effect size.
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CHAPTER III 

 

RESULTS 

 

 

LSI Summary Statistics 

 Examination of summary statistics for LSI data indicated that both Interpersonal 

and Non-Interpersonal Episodic Stress exhibited a restricted range and were positively 

skewed, with the modal score for both variables being “1” (see Table 1). Thus, although I 

proceeded with planned analyses for Overall and Episodic Stress, it should be noted that 

parametric tests using these variables violated the assumption of data normality and 

should therefore be interpreted with caution. To partially address this issue, analyses 

below were repeated after log-transforming Episodic Stress to reduce skew. Chronic 

Interpersonal and Non-Interpersonal Stress variables were within acceptable limits for 

skewness and kurtosis and were therefore normally distributed. The range for Chronic 

Interpersonal Stress was within acceptable limits; however, the range of Non-

Interpersonal Chronic Stress was restricted to approximately 30% of the scale, suggesting 

that participants were relatively similar to each other on this construct. 

fMRI Group Analysis 

Group-level analyses revealed a significant main effect of reward anticipation in 

one cluster within the right ventral striatum (coordinates: x = 8, y = 10, z = 0; Z = 6.45; 

cluster size = 126 voxels) and one cluster within the left ventral striatum (coordinates: x = 

-6, y = 8, z = 0, Z = 5.06, cluster size = 63 voxels; see Figure 1). Activation within both
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clusters was normally distributed across participants (left VS M= 143.79, SD = 171.83, 

skewness = -0.03, kurtosis = -0.63; right VS M = 130.24, SD = 150.07, skewness = -0.32, 

kurtosis = -0.22). These findings support that the Monetary Incentive Delay task and 

image acquisition and processing yielded a valid measure of Ventral Striatal Reactivity to 

reward anticipation. 

Interpersonal Stress and Ventral Striatal Reactivity to Reward 

 Inconsistent with hypotheses, no interpersonal stress variables—Overall 

Interpersonal Stress, Chronic Interpersonal Stress, or Episodic Interpersonal Stress—were 

significantly associated with either right (all t ≤ 0.807, all p ≥ 0.424; Table 2) or left (all t 

≤ 0.203, all p ≥ 0.840; Table 3) Ventral Striatal Reactivity to reward anticipation in main 

effect. Results did not differ for any of the above analyses when excluding Sex or 

MMASQ General Distress from models as a covariate. Effects of Episodic Interpersonal 

Stress did not differ after log-transformation. Because the tests of general Episodic 

Interpersonal Stress effects on Ventral Striatal Reactivity were not significant, and 

because there was limited variability in Episodic Interpersonal Stress within the sample, I 

did not conduct tests examining the effects of major versus minor stressful life events or 

stressor Independence on Ventral Striatal Reactivity. 

Non-Interpersonal Stress and Ventral Striatal Reactivity to Reward 

 Similarly, consistent with expectations, no non-interpersonal stress variables—

Overall Non-Interpersonal Stress, Chronic Non-Interpersonal Stress, or Episodic Non-

Interpersonal Stress—were significantly associated with right (all t ≤ 0.374, all p ≥ 0.710; 

Table 2) or left (all t ≤ 01.022, all p ≥ 0.312; Table 3) Ventral Striatal Reactivity to 
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reward in main effect. Results did not differ when excluding Sex or MMASQ General 

Distress as a model covariate. Effects of Episodic Non-Interpersonal Stress did not differ 

after log transformation. 

Exploratory Analyses 

Depression and VS Reactivity to Reward: To determine whether data in the 

present sample were consistent with prior findings that depression is associated with 

blunted ventral striatal reactivity to reward anticipation (Pizzagalli et al., 2009), I 

regressed Ventral Striatal Reactivity onto MMASQ General Distress, entering biological 

sex as a covariate, consistent with the preceding analyses. Partially supporting previous 

findings, MMASQ General Distress was negatively associated with right (b = -7.806, 

SE(b) = 3.378, t(43) = -2.311, p = 0.026), but not left (b = -0.913, SE(b) = 4.005, t(43) = -

0.079, p = 0.937) Ventral Striatal Reactivity to reward anticipation. 

Stress and Depression: To determine whether data in the present sample were 

consistent with prior findings that interpersonal, but not non-interpersonal stress is 

associated with depression, I conducted an exploratory OLS regression analysis 

regressing MMASQ General Distress onto Overall Interpersonal Stress and Overall Non-

Interpersonal Stress in separate models. Consistent with prior findings, Overall 

Interpersonal Stress (b = 2.602, SE(b) = 1.221, t(43) = 2.131, p = 0.039), but not Overall 

Non-Interpersonal Stress (b = 0.356, SE(b) = 1.368, t(43) = 0.260, p = 0.796), was 

significantly and positively associated with MMASQ General Distress. These findings 

appeared to be driven by the effects of chronic stress: Chronic Interpersonal Stress (b = 

5.382, SE(b) = 1.822, t(43) = 2.954, p = 0.005), but not Episodic Interpersonal Stress (b = 
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0.456, SE(b) = 1.247, t(43) = 0.366, p = 0.716), was significantly associated with 

MMASQ General Distress.  

 Moderating Effects of Grit: In an exploratory analysis, I examined the potential 

moderating effect of “Grit,” an individual difference associated with resilience, 

conscientiousness, and perseverance towards goals in the face of adversity, on the 

relationship between Chronic Interpersonal Stress and Ventral Striatal Reactivity to 

reward. As in the previous analyses, models included biological sex as a covariate, and 

were examined with and without MMASQ General Distress as a covariate. Although 

hypotheses were not established prior to data collection, I expected that individuals with 

higher levels of Grit would exhibit a less negative association between chronic 

interpersonal stress and ventral striatal reactivity to reward than individuals with lower 

levels of Grit. Consistent with these expectations, there was a significant Grit × Chronic 

Interpersonal Stress interaction predicting both right (b = 248.282, SE(b) = 105.158, t(39) 

= 2.361, p = 0.023) and left (b = 328.621, SE(b) = 116.924, t(39) = 2.811, p = 0.008) 

Ventral Striatal Reactivity. Results did not differ when MMASQ General Distress was 

not included as a covariate. There was not a significant Grit × Chronic Non-Interpersonal 

Stress interaction predicting right (b = 123.563, SE(b) = 127.768, t(39) = 0.967, p = 

0.339) or left (b = 184.579, SE(b) = 143.464, t(39) = 1.287, p = 0.206) Ventral Striatal 

Reactivity.  

 To decompose these interactions, results were probed using the Johnson-Neyman 

technique implemented in the MODPROBE macro for SPSS (Hayes & Matthes, 2009). 

This analysis revealed a full crossover interaction for the left ventral striatum, such that 
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Chronic Interpersonal Stress and left Ventral Striatal Reactivity exhibited a significant 

negative association for individuals with low Grit scores (z ≤ -0.820), and a significant 

positive association for individuals with high Grit scores of (z ≥ 0.717; see Figure 2). 

Similar findings were observed for the right ventral striatum, where Chronic 

Interpersonal Stress and right Ventral Striatal Reactivity exhibited a significant negative 

association for individuals with low Grit scores (z ≤ -0.543), and a positive association 

that was approaching significance (p = 0.053) for the upper end of the range of Grit 

scores observed in our sample (z = 2.246; see Figure 3).  

 To further decompose these interactions, the two factors of Grit (“Consistency of 

Interests” and “Perseverance of Effort”) were individually examined in interaction with 

life stress. Consistent with findings for overall Grit, there was a significant Perseverance 

of Effort × Chronic Interpersonal Stress interaction predicting right Ventral Striatal 

Reactivity (b = 205.293, SE(b) = 84.407, t(39) = 2.432, p = 0.020). Similarly, there was a 

marginal Perseverance of Effort × Chronic Interpersonal Stress interaction predicting left 

Ventral Striatal Reactivity (b = 199.758, SE(b) = 99.899, t(39) = 2, p = 0.053. There was 

not a significant Consistency of Interest × Chronic Interpersonal Stress interaction 

predicting right (b = 48.362, SE(b) = 71.541, t(39) = 0.676, p = 0.503) or left (b = 

141.410, SE(b) = 78.214, t(39) = 1.808, p = 0.078) Ventral Striatal Reactivity.
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CHAPTER IV 

 

DISCUSSION 

 

 

 In the present study, I examined the hypothesis that interpersonal, but not non-

interpersonal, life stress is associated with blunted ventral striatal reactivity to reward 

anticipation. Despite an expansive literature supporting that the experience of stress is 

associated with altered reward-seeking behavior and disrupted mesolimbic dopaminergic 

signaling in animal models, results of the present study do not support a main effect 

association between recent life stress and ventral striatal reactivity during reward 

anticipation in humans. These non-significant findings held for both interpersonal and 

non-interpersonal, as well as chronic and episodic life stress, and were robust to the 

inclusion/exclusion of a continuous measure of depression as a model covariate. In 

contrast, exploratory findings did support a diathesis-stress interaction such that Chronic 

Interpersonal Stress and bilateral Ventral Striatal Reactivity showed a positive association 

for individuals with high levels of the personality trait Grit, and a negative relationship 

for individuals with low Grit. Thus, results support a role for Grit as a significant 

resilience factor in the preservation of reward function in the context of life stress. 

Examination of individual factors in the Grit-S Scale suggest that these findings are 

primarily driven by the perseverance of effort factor.
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Lack of Significant Main Effects of Stress on Ventral Striatal Reactivity 

 Several factors may have contributed to the non-significant findings described 

above. First, this study may have been under-powered: Although power analyses 

suggested the study likely had sufficient power to detect a moderate effect size based on 

the planned sample, the final sample size was relatively modest. Second, there was 

limited variability in participants’ reported episodic life stress, which likely influenced 

the ability to detect effects of overall interpersonal and non-interpersonal stress, and 

which likely precluded the possibility of finding significant effects of episodic stress. 

Third, during fMRI data pre-processing, removal of ICA “noise” components was 

purposefully conservative, which may have resulted in the inclusion of signal artifacts 

(i.e., error variance) that occluded significant effects.  

Alternatively, it may be the case that there is no main effect, or only a small main 

effect, of stress on ventral striatal reactivity in humans. However, given the 

overwhelming evidence that stress disrupts dopaminergic signaling and reward-seeking 

behavior in animals, it is somewhat implausible that stress and ventral striatal reactivity 

to reward are entirely unrelated in humans. More plausibly, it may be the case that 

deleterious effects of stress on ventral striatal reactivity to reward are moderated by 

factors not included in the primary analyses, such as top-down self-regulatory processes 

that play an important role in emotion regulation and resilience. For example, it is 

possible that individuals with better self-regulatory abilities exhibited less deleterious 

effects of stress on ventral striatal reactivity to reward than individuals with poorer 

regulatory abilities. Indeed, individuals with a high degree of neuroticism, who tend to 
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have relatively poor emotion regulation abilities (e.g., Bono & Vey, 2007), exhibit more 

dysregulated responses to (e.g., Oswald et al., 2006; Phillips et al., 2005) and more severe 

deleterious effects of stress, including greater levels of depression (T. A. Brown & 

Rosellini, 2011; Kendler, Kuhn, & Prescott, 2004).  

Grit, Chronic Interpersonal Stress, and Ventral Striatal Reactivity 

 Although exploratory in nature, analyses showed that Grit significantly 

moderated the relationship between Chronic Interpersonal Stress and bilateral Ventral 

Striatal Reactivity to reward anticipation, such that individuals with low Grit exhibited a 

negative relationship between life stress and bilateral Ventral Striatal Reactivity to 

reward, and individuals with high levels of Grit showed a positive relationship between 

the same variables. Importantly, the full-crossover nature of this interaction suggests that 

effects of stress on reward processing would not be detectable without accounting for 

Grit (or a construct with similar interactive effects) in the model. Thus, despite the 

substantial evidence in animal models that stress exerts effects on reward processes via 

main effect, the present data suggest that a main effect model of stress exposure on 

reward processes in insufficient, and that a diathesis-stress model more accurately 

characterizes the relationship between stress and reward processes in the brain. 

There are several possible explanations for these findings. First, individual 

differences in Grit may be reflective of differences in top-down regulatory processes that 

either 1) confer general resilience to stress by enhancing emotion regulation generally, or 

2) specifically confer resilience of reward-related processes to stress. Prior research has 

indicated that Grit is associated with enhanced emotion regulation (Ivcevic & Brackett, 
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2014) and generally associated with self-regulatory processes (Muenks, Wigfield, Yang, 

& O'Neal, 2017). However, research in this area is in early stages, and it is unclear 

whether these factors are driven specifically by the regulation of reward-related 

processes, or by more general emotion regulatory processes. Regardless of the specific 

mechanism, data in the current study suggest that individuals with high levels of Grit may 

upregulate reward processes in the context of life stress. 

Second, the significant interaction may indicate that individuals with higher levels 

of Grit are able to pursue goals in spite of adversity because reward functioning of these 

individuals is enhanced in the context of stress (and conversely, individuals with lower 

levels of Grit do not persist in goal pursuit because reward functioning is negatively 

affected by stress). Although causality cannot be inferred from the present study, this 

possibility is consistent with prior research suggesting that striatal dopaminergic 

signaling is associated with willingness to expend effort to obtain rewards (Treadway, 

Buckholtz, et al., 2012). 

Third, it may also be the case that these two processes act in a reciprocal manner, 

such that individuals with enhanced self-regulatory processes associated with more Grit 

exhibit ventral striatal reactivity to reward that is relatively unaffected by stress, which 

in-turn enables continued pursuit of rewards, which facilitates further self-regulation, and 

so on. Although the present study does not have sufficient data to evaluate this 

possibility, such a hypothesis is consistent with a robust literature examining the effects 

of positive valence functioning on stress and resilience, which is briefly discussed below. 
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The present results also support previous findings suggesting that interpersonal 

stress uniquely predicts onset of depressive symptoms in interaction with pre-existing 

vulnerability factors (Sheets & Craighead, 2014; Starr, Vrshek-Schallhorn, & Stroud, 

2019), although it should be noted that Chronic Non-Interpersonal Stress was more 

restricted in range within the present sample than Chronic Interpersonal Stress, which 

may have accounted for the differential observed effects. Notably, the interpersonal 

nature of stress has been largely disregarded in animal models of stress-induced reward 

dysfunction, which constitute the vast majority of studies investigating the effects of 

stress on reward pathways. Thus, the present findings suggest that future research 

investigating the effects of stress on reward processes ought to specifically focus on the 

study of interpersonal stressors. Additionally, the present findings add to a growing body 

of literature supporting that interpersonal stress uniquely predicts depression-related 

outcomes.  

Reward Processes and Resilience 

The present findings that individuals with higher levels of Grit have a positive 

relationship between Ventral Striatal Reactivity and recent Chronic Interpersonal Stress 

are correlational in nature, indicating several possible directional interpretations. It could 

be that higher Grit and its associated behaviors (goal pursuit under stress) causally 

contribute to Ventral Striatal Reactivity in the context of increased stress. In contrast, it 

may be that greater Ventral Striatal Reactivity or its correlates including positive emotion 

causally contribute to higher goal pursuit under stress, and therefore higher Grit. Last, it 

could be that both of these directional effects occur in a reciprocal manner. Of these 
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interpretations, the second possibility is particularly intriguing, and suggests that reward 

processes generally, and ventral striatal reward reactivity specifically, may be involved in 

facilitating the ongoing pursuit of goals in the context of life stress. These findings are 

consistent with a large body of work implicating positive emotions, reward-related 

processes, and their neurobiological substrates (e.g., dopamine) as critical elements of 

effective coping. 

For example, in a series of experiments, rats that were given sweet solutions, a 

putatively rewarding stimulus, exhibited reduced adrenocorticotropic hormone and 

corticosterone secretion, as well as less tachycardia in response to restraint stress, and 

increased exploratory behavior when caged with an unfamiliar rat (putatively a 

behavioral indicator of lower anxiety) than control rats, with some beneficial effects 

lasting up to 14 days after the last administration of reward (Ulrich-Lai et al., 2010). 

Similar effects were observed in male rats who were allowed to engage sexual behavior, 

and positive effects were not observed in rats given sweet solutions in a way that 

bypassed gustation (via gastric gavage), suggesting that beneficial effects on stress 

coping were likely the result of reward system activation more generally, and not specific 

to macronutrient absorption (Ulrich-Lai et al., 2010). 

 In humans, a growing body of research supports that positive emotions are 

critical to successful coping and goal attainment in the context of stress. For example, 

Behavioral Activation, an evidence-based treatment for depression, is thought to facilitate 

depression recovery by encouraging individuals to engage in activities that increase 

experiences of mastery (e.g., goal achievement) and pleasure (Mazzucchelli, Kane, & 
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Rees, 2009; Sturmey, 2009). Similarly, the Broaden and Build Theory of Positive 

Emotions posits that positive emotions facilitate coping by “broadening” the scope of 

thoughts and actions, which promotes the gathering of physical and social resources that 

enhance coping (Fredrickson, 1998). This process is thought to continue forth in a 

reciprocal interaction that positively influences well-being. 

In support of the “Broaden and Build” theory, several studies have found that 

positive mood induction by watching emotionally-salient videos facilitates one indicator 

of positive coping, cardiovascular return to baseline, following fear and social evaluative 

threat inductions (Fredrickson & Levenson, 1998; Fredrickson, Mancuso, Branigan, & 

Tugade, 2000). Trait positive emotionality has also been associated with greater 

respiratory sinus arrhythmia (Oveis et al., 2009), which is associated with another 

indicator of better coping, lower levels of negative emotional reactivity to daily stressors 

(Fabes & Eisenberg, 1997). In another study, participants viewed cartoons prior to 

undergoing a lab-induced stressor; participants who were told that they could view more 

cartoons following the stressor exhibited greater increases in positive affect and 

contemporaneously greater decreases in negative affect immediately following the 

stressor (Monfort, Stroup, & Waugh, 2015). 

Finally, D2-receptor agonist administration (which would putatively acutely 

augment reward functioning) was associated with greater set-shifting abilities in 

individuals with a genetic vulnerability known to confer lower levels of dopaminergic 

signaling as compared to those without the vulnerability (a variable tandem repeat 

polymorphism in DAT1/SLC6A3; van Holstein et al., 2011). Conversely, D2-receptor 
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antagonist administration was associated with impaired set-shifting in another sample 

(Mehta, Manes, Magnolfi, Sahakian, & Robbins, 2004). These findings specifically 

implicate dopaminergic signaling as an important underpinning of cognitive flexibility, 

and potentially adaptive problem-solving, which may facilitate goal pursuit when faced 

with adversity. 

Future Directions 

 Findings that Grit moderates the effects of Chronic Interpersonal Stress on 

Ventral Striatal Reactivity to reward suggest three possible mechanisms: 1) Top-down 

cognitive self-regulatory processes associated with the personality trait Grit, such as 

emotion-regulation abilities, facilitate the preservation or enhancement of reward 

processes in the face of stress (i.e., Grit causes preserved or enhanced reward functioning 

under stress), 2) Reduced effects of stress on Ventral Striatal Reactivity may facilitate 

continued goal pursuit in spite of adversity (i.e., preserved or enhanced reward 

functioning under stress gives rise to Grit), or 3) A combination of both. Thus, results 

suggest that reward functioning under stress may play an important role in facilitating 

coping, and future studies should examine the extent to which reward processing 

generally, and ventral striatal reactivity to reward anticipation specifically, plays a role in 

facilitating coping with stress. Such research may lead to identification of reward-related 

neural activity in the ventral striatum as a useful biomarker for prospectively predicting 

depression.  

 Additionally, because Grit is associated with long-term goal pursuit, it is likely 

associated with pre-frontal cortical functioning. Thus, the moderating effect of Grit on the 
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association of stress and reward processing in the ventral striatum suggests that frontal-

striatal connectivity may be an important predictor of resilient reward processing under 

stress. Additionally, as high levels of chronic stress are associated with structural changes 

in the prefrontal cortex, an avenue for future study is examining the extent to which life 

stress alters frontal-striatal connectivity, and how this is in-turn associated with the 

behavioral pursuit of goals and rewards.  

Limitations 

Despite several strengths, including measurement of an objective biomarker of 

reward responsivity and utilization of investigator-rated contextual threat interviews, the 

present study had several limitations. As discussed above, the study had a relatively 

modest sample size, and several of the findings were exploratory in nature. Furthermore, 

given the ethical and practical implications of randomly assigning and manipulating life 

stress or neural functioning in humans, and the logistic challenge of collecting repeated 

MRI assessments, the present study was necessarily correlational in nature, and therefore 

not suitable for drawing causal conclusions in isolation. Although findings might have 

supported prior animal research establishing a causal effect of stress on reward processes 

in the brain if the primary hypotheses had been supported, causal effects cannot be 

inferred for correlational analyses implicating ventral striatal reactivity to reward 

anticipation as a possible resilience factor to stress. 

Related, given that the primary aim of this study was to investigate the 

relationship between life stress and ventral striatal reactivity to stress, the study was not 

optimally designed to examine questions of whether ventral striatal reactivity facilitates 
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resilience to adverse mental health outcomes in the face of stress. Indeed, the design of 

the present study allowed for the establishment of temporal precedence such that life 

stress preceded neuroimaging. Studies primarily seeking to examine possible risk or 

resilience conferred by reward processes ought to use a prospective approach, such that 

neuroimaging precedes the window of stress and mood assessment.  

Last, it should be noted that the pre-study screening did not assess or screen for a 

number of factors that might contribute to error variance, including recent use of illicit 

psychoactive substances. However, it should be noted that any significant findings were 

likely uncovered in spite of such factors, although failure to account for such factors may 

partially explain the lack of significant effects of life stress on ventral striatal reactivity to 

reward in the present study. 

Conclusions 

 In this paper, I present data suggesting that, despite extensive evidence that stress 

disrupts neurobiological reward pathways in animal models, there is either not a main 

effect of recent chronic life stress predicting ventral striatal reactivity during reward 

anticipation in humans, or such an effect is small. These negative findings held 

irrespective of stress characteristics (interpersonal/non-interpersonal). No conclusions 

about the effects of episodic stress can be drawn given the relatively low prevalence of 

recent stressful life events in this sample. Exploratory analyses support a possible role of 

ventral striatal reactivity in facilitating goal pursuit in the context of life stress. 

Specifically, the association of chronic interpersonal stress and bilateral ventral striatal 

reactivity to reward is moderated by “Grit,” suggesting that preserved ventral striatal 
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reactivity in the face of chronic stress may be associated with continued perseverance 

towards the pursuit of goals. Exploratory analyses also partially supported the previous 

literature suggesting that depression is associated with blunted ventral striatal reactivity 

to reward (Pizzagalli et al., 2009), as well as evidence that chronic interpersonal stress is 

uniquely associated with depression over and above non-interpersonal stress (Vrshek-

Schallhorn et al., 2015). Future research should further examine the possible role of 

ventral striatal reactivity specifically, and reward systems in general, in conferring 

resilience to deleterious effects of life stress.



62 

 

REFERENCES 

Abercrombie, E. D., Keefe, K. A., DiFrischia, D. S., & Zigmond, M. J. (1989). 

Differential effect of stress on in vivo dopamine release in striatum, nucleus 

accumbens, and medial frontal cortex. Journal of Neurochemistry, 52(5), 1655-

1658.  

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental 

Disorders, 5th edition: American Psychiatric Association. 

Amsterdam, J. D., Settle, R. G., Doty, R. L., Abelman, E., & Winokur, A. (1987). Taste 

and smell perception in depression. Biological Psychiatry, 22(12), 1481-1485.  

Andersson, J. L., Jenkinson, M., & Smith, S. J. F. A. G. o. t. U. o. O. (2007). Non-linear 

registration aka Spatial normalisation FMRIB Technial Report TR07JA2.  

Anstrom, K. K., Miczek, K. A., & Budygin, E. A. (2009). Increased phasic dopamine 

signaling in the mesolimbic pathway during social defeat in rats. Neuroscience, 

161(1), 3-12.  

Avants, B. B., Tustison, N., & Song, G. J. I. j. (2009). Advanced normalization tools 

(ANTS). 2(365), 1-35.  

Avery, B. M., Ironside, M., Whitton, A. E., Pizzagalli, D. A., & Vrshek-Schallhorn, S. (in 

preparation). Cortisol response to stress moderates effects of negative evaluative 

stress on reward learning.  

Balleine, B. W., Delgado, M. R., & Hikosaka, O. (2007). The role of the dorsal striatum 

in reward and decision-making. Journal of Neuroscience, 27(31), 8161-8165. 

Beckmann, C. F., & Smith, S. M. (2004). Probabilistic independent component 

analysis for functional magnetic resonance imaging. IEEE Transactions on 

Medical Imaging, 23(2), 137-152.  

Bekris, S., Antoniou, K., Daskas, S., & Papadopoulou-Daifoti, Z. (2005). Behavioural 

and neurochemical effects induced by chronic mild stress applied to two different 

rat strains. Behavioural Brain Research, 161(1), 45-59.  

Berghorst, L. H., Bogdan, R., Frank, M. J., & Pizzagalli, D. A. (2013). Acute stress 

selectively reduces reward sensitivity. Frontiers in Human Neuroscience, 7.  

Berridge, K. C. (2007). The debate over dopamine’s role in reward: the case for incentive 

salience. Psychopharmacology, 191(3), 391-431. 



63 

 

Berridge, K. C., & Robinson, T. E. (1998). What is the role of dopamine in reward: 

hedonic impact, reward learning, or incentive salience? Brain Research Reviews, 

28(3), 309-369.  

Berridge, K. C., Robinson, T. E., & Aldridge, J. W. (2009). Dissecting components of 

reward:‘liking’,‘wanting’, and learning. Current Opinion in Pharmacology, 9(1), 

65-73.  

Berridge, K. C., Venier, I. L., & Robinson, T. E. (1989). Taste reactivity analysis of 6-

hydroxydopamine-induced aphagia: implications for arousal and anhedonia 

hypotheses of dopamine function. Behavioral Neuroscience, 103(1), 36.  

Bogdan, R., Perlis, R. H., Fagerness, J., & Pizzagalli, D. A. (2010). The impact of 

mineralocorticoid receptor ISO/VAL genotype (rs5522) and stress on reward 

learning. Genes, Brain and Behavior, 9(6), 658-667.  

Bogdan, R., & Pizzagalli, D. A. (2006). Acute stress reduces reward responsiveness: 

implications for depression. Biological Psychiatry, 60(10), 1147-1154.  

Bogdan, R., Santesso, D. L., Fagerness, J., Perlis, R. H., & Pizzagalli, D. A. (2011). 

Corticotropin-releasing hormone receptor type 1 (CRHR1) genetic variation and 

stress interact to influence reward learning. Journal of Neuroscience, 31(37), 

13246-13254.  

Bono, J. E., & Vey, M. A. (2007). Personality and emotional performance: Extraversion, 

neuroticism, and self-monitoring. Journal of Occupational Health Psychology, 

12(2), 177.  

Brewin, C. R., Andrews, B., & Gotlib, I. H. (1993). Psychopathology and early 

experience: a reappraisal of retrospective reports. Psychological Bulletin, 113(1), 

82.  

Brielmaier, J., McDonald, C. G., & Smith, R. F. (2012). Effects of acute stress on 

acquisition of nicotine conditioned place preference in adolescent rats: a role for 

corticotropin-releasing factor 1 receptors. Psychopharmacology, 219(1), 73-82.  

Brotto, L. A., Gorzalka, B. B., & LaMarre, A. K. (2001). Melatonin protects against the 

effects of chronic stress on sexual behaviour in male rats. Neuroreport, 12(16), 

3465-3469.  

Brown, G., & Harris, T. (1978). Social origins of depression: A study of depressive 

disorder in women. New York: Free Press. 



64 

Brown, T. A., & Rosellini, A. J. (2011). The direct and interactive effects of neuroticism 

and life stress on the severity and longitudinal course of depressive symptoms. 

Journal of Abnormal Psychology, 120(4), 844.  

Buckholtz, Joshua W., & Meyer-Lindenberg, A. (2012). Psychopathology and the Human 

Connectome: Toward a Transdiagnostic Model of Risk For Mental Illness. 

Neuron, 74(6), 990-1004. doi:https://doi.org/10.1016/j.neuron.2012.06.002 

Cabib, S., & Puglisi-Allegra, S. (1994). Opposite responses of mesolimbic dopamine 

system to controllable and uncontrollable aversive experiences. Journal of 

Neuroscience, 14(5), 3333-3340.  

Cabib, S., & Puglisi-Allegra, S. (2012). The mesoaccumbens dopamine in coping with 

stress. Neuroscience & Biobehavioral Reviews, 36(1), 79-89.  

Cao, J.-L., Covington, H. E., Friedman, A. K., Wilkinson, M. B., Walsh, J. J., Cooper, D. 

C., . . . Han, M.-H. (2010). Mesolimbic dopamine neurons in the brain reward 

circuit mediate susceptibility to social defeat and antidepressant action. The 

Journal of Neuroscience, 30(49), 16453-16458. doi:10.1523/jneurosci.3177-

10.2010 

Capriles, N., & Cancela, L. M. (1999). Effect of acute and chronic stress restraint on 

amphetamine-associated place preference: involvement of dopamine D1 and D2 

receptors. European Journal of Pharmacology, 386(2), 127-134. 

doi:https://doi.org/10.1016/S0014-2999(99)00746-3 

Casement, M. D., Guyer, A. E., Hipwell, A. E., McAloon, R. L., Hoffmann, A. M., 

Keenan, K. E., & Forbes, E. E. (2014). Girls’ challenging social experiences in 

early adolescence predict neural response to rewards and depressive symptoms. 

Developmental Cognitive Neuroscience, 8, 18-27.  

Casillas, A., & Clark, L. (2000). The mini mood and anxiety symptom questionnaire 

(Mini-MASQ). Paper presented at the Poster presented at the 72nd Annual 

meeting of the Midwestern Psychological Association, Chicago, IL. 

Cavanagh, J. F., Frank, M. J., & Allen, J. J. (2010). Social stress reactivity alters reward 

and punishment learning. Social Cognitive and Affective Neuroscience.  

Chen, Y. C. I., Galpern, W. R., Brownell, A. L., Matthews, R. T., Bogdanov, M., Isacson, 

O., . . . Jenkins, B. G. (1997). Detection of dopaminergic neurotransmitter activity 

using pharmacologic MRI: correlation with PET, microdialysis, and behavioral 

data. Magnetic Resonance in Medicine, 38(3), 389-398.  

Coyne, J. C., & Downey, G. (1991). Social factors and psychopathology: Stress, social 

support, and coping processes. Annual Review of Psychology, 42(1), 401-425.  

https://doi.org/10.1016/j.neuron.2012.06.002
https://doi.org/10.1016/S0014-2999(99)00746-3


65 

Credé, M., Tynan, M. C., & Harms, P. D. (2017). Much ado about grit: A meta-analytic 

synthesis of the grit literature. Journal of Personality and Social Psychology, 

113(3), 492.  

D'Aquila, P. S., Brain, P., & Willner, P. (1994). Effects of chronic mild stress on 

performance in behavioural tests relevant to anxiety and depression. Physiology & 

Behavior, 56(5), 861-867. doi:https://doi.org/10.1016/0031-9384(94)90316-6 

Dai, Z., Kang, L., Wang, L., & Ma, L. (2006). Different roles of dopamine receptor 

subtypes in footshock stress-induced enhancement of morphine conditioned place 

preference. Neuroscience Letters, 409(1), 52-56. 

doi:https://doi.org/10.1016/j.neulet.2006.09.012 

de la Fuente-Fernández, R., Phillips, A. G., Zamburlini, M., Sossi, V., Calne, D. B., Ruth, 

T. J., & Stoessl, A. J. (2002). Dopamine release in human ventral striatum and 

expectation of reward. Behavioural Brain Research, 136(2), 359-363.  

Dichter, G. S., Smoski, M. J., Kampov-Polevoy, A. B., Gallop, R., & Garbutt, J. C. 

(2010). Unipolar depression does not moderate responses to the Sweet Taste Test. 

Depress Anxiety, 27(9), 859-863.  

Dillon, D. G., Holmes, A. J., Birk, J. L., Brooks, N., Lyons-Ruth, K., & Pizzagalli, D. A. 

(2009). Childhood adversity is associated with left basal ganglia dysfunction 

during reward anticipation in adulthood. Biological Psychiatry, 66(3), 206-213.  

Duckworth, A. L., Peterson, C., Matthews, M. D., & Kelly, D. R. (2007). Grit: 

perseverance and passion for long-term goals. Journal of Personality and Social 

Psychology, 92(6), 1087.  

Duckworth, A. L., & Quinn, P. D. (2009). Development and validation of the Short Grit 

Scale (GRIT–S). Journal of personality assessment, 91(2), 166-174.  

Dutra, S. J., Cunningham, W. A., Kober, H., & Gruber, J. (2015). Elevated striatal 

reactivity across monetary and social rewards in bipolar I disorder. Journal of 

Abnormal Psychology, 124(4), 890.  

Elizalde, N., Gil-Bea, F. J., Ramirez, M. J., Aisa, B., Lasheras, B., Del Rio, J., & Tordera, 

R. M. (2008). Long-lasting behavioral effects and recognition memory deficit 

induced by chronic mild stress in mice: effect of antidepressant treatment. 

Psychopharmacology, 199(1), 1-14.  

Eskreis-Winkler, L., Duckworth, A., Shulman, E., & Beal, S. (2014). The grit effect: 

predicting retention in the military, the workplace, school and marriage. Frontiers 

in Psychology, 5(36). doi:10.3389/fpsyg.2014.00036 

https://doi.org/10.1016/0031-9384(94)90316-6
https://doi.org/10.1016/j.neulet.2006.09.012


66 

Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior cingulate and 

medial prefrontal cortex. Trends in Cognitive Sciences, 15(2), 85-93.  

Fabes, R. A., & Eisenberg, N. (1997). Regulatory control and adults' stress-related 

responses to daily life events. Journal of Personality and Social Psychology, 73, 

1107-1117.  

Fallon, J. H., & Moore, R. Y. (1978). Catecholamine innervation of the basal forebrain 

IV. Topography of the dopamine projection to the basal forebrain and 

neostriatum. Journal of Comparative Neurology, 180(3), 545-579.  

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G* Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences. Behavior Research Methods, 39(2), 175-191.  

Feighner, J. P., Robins, E., Guze, S. B., Woodruff, R. A., Winokur, G., & Munoz, R. 

(1972). Diagnostic criteria for use in psychiatric research. Archives of General 

Psychiatry, 26(1), 57-63.  

First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2001). Structured Clinical 

Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-patient 

Edition (SCID-I/NP). In. New York: New York Psychiatric Institute, Biometrics 

Research Department. 

Flagel, S. B., Clark, J. J., Robinson, T. E., Mayo, L., Czuj, A., Willuhn, I., . . . Akil, H. 

(2011). A selective role for dopamine in stimulus-reward learning. Nature, 

469(7328), 53-57.  

Floresco, S. B., West, A. R., Ash, B., Moore, H., & Grace, A. A. (2003). Afferent 

modulation of dopamine neuron firing differentially regulates tonic and phasic 

dopamine transmission. Nature Neuroscience, 6(9), 968.  

Forbes, E. E., Christopher May, J., Siegle, G. J., Ladouceur, C. D., Ryan, N. D., Carter, 

C. S., . . . Dahl, R. E. (2006). Reward‐related decision‐making in pediatric major 

depressive disorder: an fMRI study. Journal of Child Psychology and Psychiatry, 

47(10), 1031-1040.  

Fredrickson, B. L. (1998). What good are positive emotions? Review of General 

Psychology, 2(3), 300.  

Fredrickson, B. L., & Levenson, R. W. (1998). Positive emotions speed recovery from 

the cardiovascular sequelae of negative emotions. Cognition & Emotion, 12(2), 

191-220.  



67 

Fredrickson, B. L., Mancuso, R. A., Branigan, C., & Tugade, M. M. (2000). The undoing 

effect of positive emotions. Motivation and Emotion, 24(4), 237-258.  

Galván, A., & McGlennen, K. M. (2012). Daily stress increases risky decision‐making in 

adolescents: A preliminary study. Developmental Psychobiology, 54(4), 433-440.  

Gotlib, I. H., Hamilton, J. P., Cooney, R. E., Singh, M. K., Henry, M. L., & Joormann, J. 

(2010). Neural processing of reward and loss in girls at risk for major depression. 

Archives of General Psychiatry, 67(4), 380-387.  

Grace, A. A., Floresco, S. B., Goto, Y., & Lodge, D. J. (2007). Regulation of firing of 

dopaminergic neurons and control of goal-directed behaviors. Trends in 

Neurosciences, 30(5), 220-227.  

Grippo, A. J., Gerena, D., Huang, J., Kumar, N., Shah, M., Ughreja, R., & Sue Carter, C. 

(2007). Social isolation induces behavioral and neuroendocrine disturbances 

relevant to depression in female and male prairie voles. 

Psychoneuroendocrinology, 32(8), 966-980. 

doi:https://doi.org/10.1016/j.psyneuen.2007.07.004 

Hammen, C. (2005). Stress and depression. Annu. Rev. Clin. Psychol., 1, 293-319.  

Hammen, C., Gordon, D., Burge, D., Adrian, C., Jaenicke, C., & Hiroto, D. (1987). 

Maternal affective disorders, illness, and stress: Risk for children's 

psychopathology. American Journal of Psychiatry, 144(6), 736-741.  

Hammen, C., Mayol, A., DeMayo, R., & Marks, T. (1986). Initial symptom levels and 

the life-event–depression relationship. Journal of Abnormal Psychology, 95(2), 

114.  

Hanson, J. L., Albert, D., Iselin, A.-M. R., Carré, J. M., Dodge, K. A., & Hariri, A. R. 

(2015). Cumulative stress in childhood is associated with blunted reward-related 

brain activity in adulthood. Social Cognitive and Affective Neuroscience, 11(3), 

405-412.  

Harkness, K. L., & Monroe, S. M. (2016). The assessment and measurement of adult life 

stress: Basic premises, operational principles, and design requirements. Journal of 

Abnormal Psychology, 125(5), 727.  

Hayes, A. F., & Matthes, J. (2009). Computational procedures for probing interactions in 

OLS and logistic regression: SPSS and SAS implementations. Behavior Research 

Methods, 41(3), 924-936.  

https://doi.org/10.1016/j.psyneuen.2007.07.004


68 

Hill, P. L., Burrow, A. L., & Bronk, K. C. (2016). Persevering with positivity and 

purpose: An examination of purpose commitment and positive affect as predictors 

of grit. Journal of Happiness Studies, 17(1), 257-269.  

Hollon, N. G., Burgeno, L. M., & Phillips, P. E. (2015). Stress effects on the neural 

substrates of motivated behavior. Nature Neuroscience, 18(10), 1405-1412.  

Imperato, A., Angelucci, L., Casolini, P., Zocchi, A., & Puglisi-Allegra, S. (1992). 

Repeated stressful experiences differently affect limbic dopamine release during 

and following stress. Brain Research, 577(2), 194-199. 

doi:https://doi.org/10.1016/0006-8993(92)90274-D 

Imperato, A., Cabib, S., & Puglisi-Allegra, S. (1993). Repeated stressful experiences 

differently affect the time-dependent responses of the mesolimbic dopamine 

system to the stressor. Brain Research, 601(1), 333-336.  

Imperato, A., Puglisi-Allegra, S., Casolini, P., & Angelucci, L. (1991). Changes in brain 

dopamine and acetylcholine release during and following stress are independent 

of the pituitary-adrenocortical axis. Brain Research, 538(1), 111-117.  

Ivcevic, Z., & Brackett, M. (2014). Predicting school success: Comparing 

conscientiousness, grit, and emotion regulation ability. Journal of research in 

personality, 52, 29-36.  

Jenkinson, M. (2003). Fast, automated, N‐dimensional phase‐unwrapping algorithm. 

Magnetic Resonance in Medicine, 49(1), 193-197.  

Jenkinson, M., Bannister, P., Brady, M., & Smith, S. (2002). Improved optimization for 

the robust and accurate linear registration and motion correction of brain images. 

Neuroimage, 17(2), 825-841.  

Jenkinson, M., & Smith, S. (2001). A global optimisation method for robust affine 

registration of brain images. Medical Image ANalysis, 5(2), 143-156.  

Katz, R. J. (1982). Animal model of depression: pharmacological sensitivity of a hedonic 

deficit. Pharmacology Biochemistry and Behavior, 16(6), 965-968.  

Katz, R. J., Roth, K. A., & Carroll, B. J. (1981). Acute and chronic stress effects on open 

field activity in the rat: implications for a model of depression. Neuroscience & 

Biobehavioral Reviews, 5(2), 247-251.  

Kendler, K. S., & Gardner, C. O. (2017). Genetic and environmental influences on last-

year major depression in adulthood: a highly heritable stable liability but strong 

environmental effects on 1-year prevalence. Psychological medicine, 47(10), 

1816-1824.  

https://doi.org/10.1016/0006-8993(92)90274-D


69 

Kendler, K. S., Karkowski, L. M., & Prescott, C. A. (1998). Stressful life events and 

major depression: risk period, long-term contextual threat, and diagnostic 

specificity. The Journal of nervous and mental disease, 186(11), 661-669.  

Kendler, K. S., Karkowski, L. M., & Prescott, C. A. (1999). Causal relationship between 

stressful life events and the onset of major depression. American Journal of 

Psychiatry, 156(6), 837-841.  

Kendler, K. S., Kessler, R. C., Walters, E. E., MacLean, C., Neale, M. C., Heath, A. C., 

& Eaves, L. J. (2010). Stressful Life Events, Genetic Liability, and Onset of an 

Episode of Major Depression in Women. FOCUS, 8(3), 459-470. 

doi:10.1176/foc.8.3.foc459 

Kendler, K. S., Kuhn, J., & Prescott, C. A. (2004). The interrelationship of neuroticism, 

sex, and stressful life events in the prediction of episodes of major depression. 

American Journal of Psychiatry, 161(4), 631-636.  

Kessler, R. C. (1997). The effects of stressful life events on depression. Annual Review of 

Psychology, 48(1), 191-214.  

Kessler, R. C., Davis, C. G., & Kendler, K. S. (1997). Childhood adversity and adult 

psychiatric disorder in the US National Comorbidity Survey. Psychological 

medicine, 27(5), 1101-1119.  

Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The 'Trier Social Stress 

Test': A tool for investigating psychobiological stress responses in a laboratory 

setting. Neuropsychobiology, 28(1-2), 76-81. doi:10.1159/000119004 

Knutson, B., Adams, C. M., Fong, G. W., & Hommer, D. (2001). Anticipation of 

increasing monetary reward selectively recruits nucleus accumbens. Journal of 

Neuroscience, 21(16), RC159-RC159.  

Knutson, B., Fong, G. W., Adams, C. M., Varner, J. L., & Hommer, D. (2001). 

Dissociation of reward anticipation and outcome with event-related fMRI. 

Neuroreport, 12(17), 3683-3687.  

Knutson, B., & Gibbs, S. E. (2007). Linking nucleus accumbens dopamine and blood 

oxygenation. Psychopharmacology, 191(3), 813-822.  

Knutson, B., Westdorp, A., Kaiser, E., & Hommer, D. (2000). FMRI visualization of 

brain activity during a monetary incentive delay task. Neuroimage, 12(1), 20-27.  

Kunishio, K., & Haber, S. N. (1994). Primate cingulostriatal projection: limbic striatal 

versus sensorimotor striatal input. Journal of Comparative Neurology, 350(3), 

337-356.  



70 

Lancaster, J. L., Woldorff, M. G., Parsons, L. M., Liotti, M., Freitas, C. S., Rainey, L., . . 

. Fox, P. T. (2000). Automated Talairach atlas labels for functional brain 

mapping. Human Brain Mapping, 10(3), 120-131.  

Lewinsohn, P. M. (1974). A behavioral approach to depression. Essential papers on 

depression, 150-172.  

Lighthall, N. R., Gorlick, M. A., Schoeke, A., Frank, M. J., & Mather, M. (2013). Stress 

modulates reinforcement learning in younger and older adults. Psychology and 

aging, 28(1), 35.  

Lighthall, N. R., Mather, M., & Gorlick, M. A. (2009). Acute stress increases sex 

differences in risk seeking in the balloon analogue risk task. PloS one, 4(7), 

e6002.  

Logothetis, N. K. (2002). The neural basis of the blood–oxygen–level–dependent 

functional magnetic resonance imaging signal. Philosophical Transactions of the 

Royal Society of London B: Biological Sciences, 357(1424), 1003-1037.  

Lumley, M. N., & Harkness, K. L. (2007). Specificity in the relations among childhood 

adversity, early maladaptive schemas, and symptom profiles in adolescent 

depression. Cognitive Therapy and Research, 31(5), 639-657.  

Mather, M., & Lighthall, N. R. (2012). Risk and reward are processed differently in 

decisions made under stress. Current Directions in Psychological Science, 21(1), 

36-41.  

Mazziotta, J., Toga, A., Evans, A., Fox, P., Lancaster, J., Zilles, K., . . . Pike, B. (2001). 

A probabilistic atlas and reference system for the human brain: International 

Consortium for Brain Mapping (ICBM). Philosophical Transactions of the Royal 

Society of London. Series B: Biological Sciences, 356(1412), 1293-1322.  

Mazzucchelli, T., Kane, R., & Rees, C. (2009). Behavioral activation treatments for 

depression in adults: a meta‐analysis and review. Clinical Psychology: Science 

and Practice, 16(4), 383-411.  

McDonald, A. J. (1991). Organization of amygdaloid projections to the prefrontal cortex 

and associated striatum in the rat. Neuroscience, 44(1), 1-14. 

doi:https://doi.org/10.1016/0306-4522(91)90247-L 

McFarland, B. R., & Klein, D. N. (2009). Emotional reactivity in depression: diminished 

responsiveness to anticipated reward but not to anticipated punishment or to 

nonreward or avoidance. Depress Anxiety, 26(2), 117-122.  

https://doi.org/10.1016/0306-4522(91)90247-L


71 

McGeorge, A. J., & Faull, R. L. M. (1989). The organization of the projection from the 

cerebral cortex to the striatum in the rat. Neuroscience, 29(3), 503-537. 

doi:https://doi.org/10.1016/0306-4522(89)90128-0 

McLaughlin, K. A., Conron, K. J., Koenen, K. C., & Gilman, S. E. (2010). Childhood 

adversity, adult stressful life events, and risk of past-year psychiatric disorder: a 

test of the stress sensitization hypothesis in a population-based sample of adults. 

Psychological medicine, 40(10), 1647-1658.  

McQuaid, J. R., Monroe, S. M., Roberts, J. R., Johnson, S. L., Garamoni, G. L., Kupfer, 

D. J., & Frank, E. (1992). Toward the standardization of life stress assessment: 

Definitional discrepancies and inconsistencies in methods. Stress and Health, 

8(1), 47-56.  

Mehta, M. A., Manes, F. F., Magnolfi, G., Sahakian, B. J., & Robbins, T. W. (2004). 

Impaired set-shifting and dissociable effects on tests of spatial working memory 

following the dopamine D2 receptor antagonist sulpiride in human volunteers. 

Psychopharmacology, 176(3-4), 331-342.  

Meyer-Lindenberg, A., & Weinberger, D. R. (2006). Intermediate phenotypes and 

genetic mechanisms of psychiatric disorders. Nature Reviews Neuroscience, 

7(10), 818.  

Miczek, K. A., Nikulina, E. M., Shimamoto, A., & Covington, H. E. (2011). Escalated or 

Suppressed Cocaine Reward, Tegmental BDNF and Accumbal Dopamine due to 

Episodic vs. Continuous Social Stress in Rats. The Journal of neuroscience : the 

official journal of the Society for Neuroscience, 31(27), 9848-9857. 

doi:10.1523/JNEUROSCI.0637-11.2011 

Monfort, S. S., Stroup, H. E., & Waugh, C. E. (2015). The impact of anticipating positive 

events on responses to stress. Journal of Experimental Social Psychology, 58, 11-

22.  

Monroe, S. M. (2008). Modern approaches to conceptualizing and measuring human life 

stress. Annu. Rev. Clin. Psychol., 4, 33-52.  

Monroe, S. M., Harkness, K., Simons, A. D., & Thase, M. E. (2001). Life stress and the 

symptoms of major depression. The Journal of nervous and mental disease, 

189(3), 168-175.  

Monroe, S. M., & Simons, A. D. (1991). Diathesis-stress theories in the context of life 

stress research: implications for the depressive disorders. Psychological Bulletin, 

110(3), 406.  

https://doi.org/10.1016/0306-4522(89)90128-0


72 

Monroe, S. M., Torres, L. D., Guillaumot, J., Harkness, K. L., Roberts, J. E., Frank, E., & 

Kupfer, D. (2006). Life stress and the long-term treatment course of recurrent 

depression: III. Nonsevere life events predict recurrence for medicated patients 

over 3 years. Journal of consulting and clinical psychology, 74(1), 112.  

Moos, R. H., & Cronkite, R. C. (1999). Symptom-based predictors of a 10-year chronic 

course of treated depression. The Journal of nervous and mental disease, 187(6), 

360-368.  

Morgan, J. K., Olino, T. M., McMakin, D. L., Ryan, N. D., & Forbes, E. E. (2013). 

Neural response to reward as a predictor of increases in depressive symptoms in 

adolescence. Neurobiology of Disease, 52, 66-74.  

Muenks, K., Wigfield, A., Yang, J. S., & O'Neal, C. R. (2017). How true is grit? 

Assessing its relations to high school and college students’ personality 

characteristics, self-regulation, engagement, and achievement. Journal of 

Educational Psychology, 109(5), 599.  

Mugler, J. P., & Brookeman, J. R. (1990). Three‐dimensional magnetization‐prepared 

rapid gradient‐echo imaging (3D MP RAGE). Magnetic Resonance in Medicine, 

15(1), 152-157.  

Müller-Preuss, P., & Jürgens, U. (1976). Projections from the ‘Cingular’ vocalization 

area in the squirrel monkey. Brain Research, 103(1), 29-43. 

doi:https://doi.org/10.1016/0006-8993(76)90684-3 

Murison, R., & Hansen, A. L. (2001). Reliability of the chronic mild stress paradigm: 

implications for research and animal welfare. Integrative physiological and 

behavioral science, 36(4), 266-274.  

Muscat, R., Papp, M., & Willner, P. (1992). Reversal of stress-induced anhedonia by the 

atypical antidepressants, fluoxetine and maprotiline. Psychopharmacology, 

109(4), 433-438.  

Muscat, R., Towell, A., & Willner, P. (1988). Changes in dopamine autoreceptor 

sensitivity in an animal model of depression. Psychopharmacology, 94(4), 545-

550.  

Muscatell, K. A., Slavich, G. M., Monroe, S. M., & Gotlib, I. H. (2009). Stressful life 

events, chronic difficulties, and the symptoms of clinical depression. The Journal 

of nervous and mental disease, 197(3), 154.  

Myers, C. A., Wang, C., Black, J. M., Bugescu, N., & Hoeft, F. (2016). The matter of 

motivation: Striatal resting-state connectivity is dissociable between grit and 

growth mindset. Social Cognitive Affective Neuroscience, 11(10), 1521-1527.  

https://doi.org/10.1016/0006-8993(76)90684-3


73 

Nikolova, Y. S., Ferrell, R. E., Manuck, S. B., & Hariri, A. R. (2011). Multilocus Genetic 

Profile for Dopamine Signaling Predicts Ventral Striatum Reactivity. 

Neuropsychopharmacology, 36(9), 1940-1947. doi:10.1038/npp.2011.82 

Nusslock, R., Almeida, J. R., Forbes, E. E., Versace, A., Frank, E., LaBarbara, E. J., . . . 

Phillips, M. L. (2012). Waiting to win: elevated striatal and orbitofrontal cortical 

activity during reward anticipation in euthymic bipolar disorder adults. Bipolar 

disorders, 14(3), 249-260.  

O'Doherty, J., Dayan, P., Schultz, J., Deichmann, R., Friston, K., & Dolan, R. J. (2004). 

Dissociable roles of ventral and dorsal striatum in instrumental conditioning. 

Science, 304(5669), 452-454.  

Ogawa, S., Lee, T.-M., Kay, A. R., & Tank, D. W. (1990). Brain magnetic resonance 

imaging with contrast dependent on blood oxygenation. Proceedings of the 

National Academy of Sciences, 87(24), 9868-9872.  

Olino, T. M., McMakin, D. L., Morgan, J. K., Silk, J. S., Birmaher, B., Axelson, D. A., . . 

. Forbes, E. E. (2014). Reduced reward anticipation in youth at high-risk for 

unipolar depression: A preliminary study. Developmental Cognitive 

Neuroscience, 8, 55-64. doi:https://doi.org/10.1016/j.dcn.2013.11.005 

Oswald, L. M., Zandi, P., Nestadt, G., Potash, J. B., Kalaydjian, A. E., & Wand, G. S. 

(2006). Relationship between cortisol responses to stress and personality. 

Neuropsychopharmacology : official publication of the American College of 

Neuropsychopharmacology, 31(7), 1583-1591.  

Oveis, C., Cohen, A. B., Gruber, J., Shiota, M. N., Haidt, J., & Keltner, D. (2009). 

Resting respiratory sinus arrhythmia is associated with tonic positive 

emotionality. Emotion, 9(2), 265.  

Pani, L., Porcella, A., & Gessa, G. (2000). The role of stress in the pathophysiology of 

the dopaminergic system. Molecular Psychiatry, 5(1), 14.  

Papp, M., & Moryl, E. (1994). Antidepressant activity of non-competitive and 

competitive NMDA receptor antagonists in a chronic mild stress model of 

depression. European Journal of Pharmacology, 263(1-2), 1-7.  

Papp, M., Willner, P., & Muscat, R. (1991). An animal model of anhedonia: attenuation 

of sucrose consumption and place preference conditioning by chronic 

unpredictable mild stress. Psychopharmacology, 104(2), 255-259.  

Petzold, A., Plessow, F., Goschke, T., & Kirschbaum, C. (2010). Stress reduces use of 

negative feedback in a feedback-based learning task. Behavioral Neuroscience, 

124(2), 248.  

https://doi.org/10.1016/j.dcn.2013.11.005


74 

Phillips, A. C., Carroll, D., Burns, V. E., & Drayson, M. (2005). Neuroticism, cortisol 

reactivity, and antibody response to vaccination. Psychophysiology, 42(2), 232-

238.  

Pizzagalli, D. A. (2014). Depression, stress, and anhedonia: toward a synthesis and 

integrated model. Annual Review of Clinical Psychology, 10, 393.  

Pizzagalli, D. A., Holmes, A. J., Dillon, D. G., Goetz, E. L., Birk, J. L., Bogdan, R., . . . 

Fava, M. (2009). Reduced caudate and nucleus accumbens response to rewards in 

unmedicated individuals with major depressive disorder. American Journal of 

Psychiatry, 166(6), 702-710.  

Płaźnik, A., Stefański, R., & Kostowski, W. (1989). Restraint stress-induced changes in 

saccharin preference: The effect of antideprressive treatment and diazepam. 

Pharmacology Biochemistry and Behavior, 33(4), 755-759.  

Pool, E., Brosch, T., Delplanque, S., & Sander, D. (2015). Stress increases cue-triggered 

“wanting” for sweet reward in humans. Journal of Experimental Psychology: 

Animal Learning and Cognition, 41(2), 128.  

Porcelli, A. J., Lewis, A. H., & Delgado, M. R. (2012). Acute stress influences neural 

circuits of reward processing. Frontiers in Neuroscience, 6, 157.  

Preston, S., Buchanan, T., Stansfield, R., & Bechara, A. (2007). Effects of anticipatory 

stress on decision making in a gambling task. Behavioral Neuroscience, 121(2), 

257.  

Puglisi-Allegra, S., Imperato, A., Angelucci, L., & Cabib, S. (1991). Acute stress induces 

time-dependent responses in dopamine mesolimbic system. Brain Research, 

554(1), 217-222. doi:https://doi.org/10.1016/0006-8993(91)90192-X 

Rawal, A., Collishaw, S., Thapar, A., & Rice, F. (2012). ‘The risks of playing it safe’: a 

prospective longitudinal study of response to reward in the adolescent offspring of 

depressed parents. Psychological medicine, 43(1), 27-38. 

doi:10.1017/S0033291712001158 

Razzoli, M., Andreoli, M., Michielin, F., Quarta, D., & Sokal, D. M. (2011). Increased 

phasic activity of VTA dopamine neurons in mice 3 weeks after repeated social 

defeat. Behavioural Brain Research, 218(1), 253-257. 

doi:https://doi.org/10.1016/j.bbr.2010.11.050 

Rimfeld, K., Kovas, Y., Dale, P. S., & Plomin, R. (2016). True grit and genetics: 

Predicting academic achievement from personality. Journal of Personality and 

Social Psychology, 111(5), 780.  

https://doi.org/10.1016/0006-8993(91)90192-X
https://doi.org/10.1016/j.bbr.2010.11.050


75 

Rohde, P., Lewinsohn, P. M., Klein, D. N., Seeley, J. R., & Gau, J. M. (2013). Key 

characteristics of major depressive disorder occurring in childhood, adolescence, 

emerging adulthood, and adulthood. Clinical Psychological Science, 1(1), 41-53.  

Rygula, R., Abumaria, N., Flügge, G., Fuchs, E., Rüther, E., & Havemann-Reinecke, U. 

(2005). Anhedonia and motivational deficits in rats: impact of chronic social 

stress. Behavioural Brain Research, 162(1), 127-134.  

Salles, A., Lin, D., Liebert, C., Esquivel, M., Lau, J. N., Greco, R. S., & Mueller, C. 

(2017). Grit as a predictor of risk of attrition in surgical residency. The American 

Journal of Surgery, 213(2), 288-291. 

doi:https://doi.org/10.1016/j.amjsurg.2016.10.012 

Schultz, W. (1998). Predictive reward signal of dopamine neurons. Journal of 

Neurophysiology, 80(1), 1-27.  

Schultz, W., Apicella, P., Scarnati, E., & Ljungberg, T. (1992). Neuronal activity in 

monkey ventral striatum related to the expectation of reward. Journal of 

Neuroscience, 12(12), 4595-4610.  

Schultz, W., Dayan, P., & Montague, P. R. (1997). A neural substrate of prediction and 

reward. Science, 275(5306), 1593-1599.  

Selye, H. (1936). A syndrome produced by diverse nocuous agents. Nature, 138(3479), 

32.  

Sharma, A., Wolf, D. H., Ciric, R., Kable, J. W., Moore, T. M., Vandekar, S. N., . . . 

Satterthwaite, T. D. (2017). Common Dimensional Reward Deficits Across Mood 

and Psychotic Disorders: A Connectome-Wide Association Study. American 

Journal of Psychiatry, 174(7), 657-666. doi:10.1176/appi.ajp.2016.16070774 

Sheets, E. S., & Craighead, W. E. (2014). Comparing chronic interpersonal and 

noninterpersonal stress domains as predictors of depression recurrence in 

emerging adults. Behaviour Research and Therapy, 63, 36-42.  

Sherdell, L., Waugh, C. E., & Gotlib, I. H. (2012). Anticipatory pleasure predicts 

motivation for reward in major depression. Journal of Abnormal Psychology, 

121(1), 51.  

Smoski, M. J., Rittenberg, A., & Dichter, G. S. (2011). Major depressive disorder is 

characterized by greater reward network activation to monetary than pleasant 

image rewards. Psychiatry research, 194(3), 263-270. 

doi:10.1016/j.pscychresns.2011.06.012 

https://doi.org/10.1016/j.amjsurg.2016.10.012


76 

Spreckelmeyer, K. N., Krach, S., Kohls, G., Rademacher, L., Irmak, A., Konrad, K., . . . 

Gründer, G. (2009). Anticipation of monetary and social reward differently 

activates mesolimbic brain structures in men and women. Social Cognitive 

Affective Neuroscience, 4(2), 158-165.  

Starr, L. R., Vrshek-Schallhorn, S., & Stroud, C. B. (2019). Serotonergic multilocus 

genetic variation moderates the association between major interpersonal stress 

and adolescent depressive symptoms: Replication and candidate environment 

specification. Journal of Psychiatric Research, 117, 55-61. 

doi:https://doi.org/10.1016/j.jpsychires.2019.06.020 

Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking. 

Developmental Review, 28(1), 78-106.  

Stroud, C. B., Davila, J., Hammen, C., & Vrshek-Schallhorn, S. (2011). Severe and 

nonsevere events in first onsets versus recurrences of depression: Evidence for 

stress sensitization. Journal of Abnormal Psychology, 120(1), 142.  

Sturmey, P. (2009). Behavioral activation is an evidence-based treatment for depression. 

Behavior Modification, 33(6), 818-829.  

Sullivan, P. F., Neale, M. C., & Kendler, K. S. (2000). Genetic epidemiology of major 

depression: review and meta-analysis. American Journal of Psychiatry, 157(10), 

1552-1562.  

Surtees, P. G., & Wainwright, N. W. (1999). Surviving adversity: event decay, 

vulnerability and the onset of anxiety and depressive disorder. European archives 

of psychiatry and clinical neuroscience, 249(2), 86-95.  

Treadway, M. T., Bossaller, N. A., Shelton, R. C., & Zald, D. H. (2012). Effort-based 

decision-making in major depressive disorder: a translational model of 

motivational anhedonia. Journal of Abnormal Psychology, 121(3), 553.  

Treadway, M. T., Buckholtz, J. W., Cowan, R. L., Woodward, N. D., Li, R., Ansari, M. 

S., . . . Zald, D. H. (2012). Dopaminergic mechanisms of individual differences in 

human effort-based decision-making. Journal of Neuroscience, 32(18), 6170-

6176.  

Treadway, M. T., & Zald, D. H. (2011). Reconsidering anhedonia in depression: lessons 

from translational neuroscience. Neuroscience & Biobehavioral Reviews, 35(3), 

537-555.  

Uher, R., Perlis, R., Henigsberg, N., Zobel, A., Rietschel, M., Mors, O., . . . Bajs, M. 

(2012). Depression symptom dimensions as predictors of antidepressant treatment 

https://doi.org/10.1016/j.jpsychires.2019.06.020


77 

outcome: replicable evidence for interest-activity symptoms. Psychological 

medicine, 42(05), 967-980.  

Ulrich-Lai, Y. M., Christiansen, A. M., Ostrander, M. M., Jones, A. A., Jones, K. R., 

Choi, D. C., . . . Davis, J. F. (2010). Pleasurable behaviors reduce stress via brain 

reward pathways. Proceedings of the National Academy of Sciences, 107(47), 

20529-20534.  

van Holstein, M., Aarts, E., van der Schaaf, M. E., Geurts, D. E., Verkes, R. J., Franke, 

B., . . . Cools, R. (2011). Human cognitive flexibility depends on dopamine D2 

receptor signaling. Psychopharmacology, 218(3), 567-578.  

Vrshek-Schallhorn, S., Mineka, S., Zinbarg, R. E., Craske, M. G., Griffith, J. W., Sutton, 

J., . . . Adam, E. K. (2014). Refining the candidate environment: Interpersonal 

stress, the serotonin transporter polymorphism, and gene-environment interactions 

in major depression. Clinical Psychological Science, 2(3), 235-248.  

Vrshek-Schallhorn, S., Stroud, C. B., Mineka, S., Hammen, C., Zinbarg, R. E., Wolitzky-

Taylor, K., & Craske, M. G. (2015). Chronic and episodic interpersonal stress as 

statistically unique predictors of depression in two samples of emerging adults. 

Journal of Abnormal Psychology, 124(4), 918.  

Wang, S., Dai, J., Li, J., Wang, X., Chen, T., Yang, X., . . . Gong, Q. (2018). 

Neuroanatomical correlates of grit: Growth mindset mediates the association 

between gray matter structure and trait grit in late adolescence. Human Brain 

Mapping, 39(4), 1688-1699. doi:10.1002/hbm.23944 

Whitton, A. E., Treadway, M. T., & Pizzagalli, D. A. (2015). Reward processing 

dysfunction in major depression, bipolar disorder and schizophrenia. Current 

Opinion in Psychiatry, 28(1), 7.  

Willner, P. (1997). Validity, reliability and utility of the chronic mild stress model of 

depression: a 10-year review and evaluation. Psychopharmacology, 134(4), 319-

329.  

Willner, P. (2005). Chronic mild stress (CMS) revisited: consistency and behavioural-

neurobiological concordance in the effects of CMS. Neuropsychobiology, 52(2), 

90-110.  

Willner, P. (2017a). The chronic mild stress (CMS) model of depression: History, 

evaluation and usage. Neurobiology of Stress, 6(Supplement C), 78-93. 

doi:https://doi.org/10.1016/j.ynstr.2016.08.002 

Willner, P. (2017b). Reliability of the chronic mild stress model of depression: a user 

survey. Neurobiology of Stress, 6, 68-77.  

https://doi.org/10.1016/j.ynstr.2016.08.002


78 

Willner, P., Muscat, R., & Papp, M. (1992). Chronic mild stress-induced anhedonia: a 

realistic animal model of depression. Neuroscience & Biobehavioral Reviews, 

16(4), 525-534.  

Willner, P., Towell, A., Sampson, D., Sophokleous, S., & Muscat, R. (1987). Reduction 

of sucrose preference by chronic unpredictable mild stress, and its restoration by a 

tricyclic antidepressant. Psychopharmacology, 93(3), 358-364.  

Wilson, T. D., & Gilbert, D. T. (2008). Explaining away: A model of affective 

adaptation. Perspectives on Psychological Science, 3(5), 370-386.  

Wise, R. A. (1980). The dopamine synapse and the notion of ‘pleasure centers’ in the 

brain. Trends in Neurosciences, 3(4), 91-95.  

Wise, R. A. (1982). Neuroleptics and operant behavior: the anhedonia hypothesis. 

Behavioral and Brain Sciences, 5(01), 39-53.  

Woolrich, M. W., Ripley, B. D., Brady, M., & Smith, S. M. (2001). Temporal 

autocorrelation in univariate linear modeling of FMRI data. Neuroimage, 14(6), 

1370-1386.  

Xu, P., Wang, K., Lu, C., Dong, L., Chen, Y., Wang, Q., . . . Liu, X. (2017). Effects of 

the chronic restraint stress induced depression on reward-related learning in rats. 

Behavioural Brain Research, 321, 185-192.  

Zacharko, R. M., Bowers, W. J., Kokkinidis, L., & Anisman, H. (1983). Region-specific 

reductions of intracranial self-stimulation after uncontrollable stress: Possible 

effects on reward processes. Behavioural Brain Research, 9(2), 129-141. 

doi:https://doi.org/10.1016/0166-4328(83)90123-7 

Zacharko, R. M., Gilmore, W., MacNeil, G., Kasian, M., & Anisman, H. (1990). Stressor 

induced variations of intracranial self-stimulation from the mesocortex in several 

strains of mice. Brain Research, 533(2), 353-357. 

doi:https://doi.org/10.1016/0006-8993(90)91363-L 

Zacharko, R. M., Lalonde, G. T., Kasian, M., & Anisman, H. (1987). Strain-specific 

effects of inescapable shock on intracranial self-stimulation from the nucleus 

accumbens. Brain Research, 426(1), 164-168. doi:https://doi.org/10.1016/0006-

8993(87)90436-7 

Zald, D. H., & Kim, S. W. (1996a). Anatomy and function of the orbital frontal cortex, II: 

Function and relevance to obsessive-compulsive disorder. The Journal of 

Neuropsychiatry and Clinical Neurosciences.  

https://doi.org/10.1016/0166-4328(83)90123-7
https://doi.org/10.1016/0006-8993(90)91363-L
https://doi.org/10.1016/0006-8993(87)90436-7
https://doi.org/10.1016/0006-8993(87)90436-7


79 

Zald, D. H., & Kim, S. W. (1996b). Anatomy and function of the orbital frontal cortex: I. 

Anatomy, neurocircuitry, and obsessive-compulsive disorder. The Journal of 

Neuropsychiatry and Clinical Neurosciences.  

Zhang, W.-N., Chang, S.-H., Guo, L.-Y., Zhang, K.-L., & Wang, J. (2013). The neural 

correlates of reward-related processing in major depressive disorder: A meta-

analysis of functional magnetic resonance imaging studies. Journal of Affective 

Disorders, 151(2), 531-539. doi:10.1016/j.jad.2013.06.039 

 

  



80 

APPENDIX A. TABLES 

Table 1. UCLA Life Stress Interview Descriptive Statistics 

Stress Type Mean SD Skew Kurtosis Range 

Interpersonal Episodic 1.587 0.777 1.221 0.508 1 – 3.5 

Non-Interpersonal Episodic 1.217 0.344 1.742 3.327 1 – 2.5 

Interpersonal Chronic 2.478 0.485 0.465 1.220 1.5 – 4 

Non-Interpersonal Chronic 2.359 0.277 -0.265 -0.344 1.7 – 2.9 

Interpersonal Overall 0 0.756 0.557 -0.261 -1.3 – 1.8 

Non-Interpersonal Overall 0 0.708 0.413 0.429 -1.5 – 1.9 

 

Note: Interpersonal Overall and Non-Interpersonal Overall Stress were computed by 

averaging Z-scores of Episodic and Chronic Stress.  
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Table 2. Regression Results for Effects of Stress on Right Ventral Striatal Reactivity to 

Reward 

 

Effect b SE(b) df t p 

      

Overall Interpersonal Stress -18.455 30.123 42 -0.613 0.543 

      

Overall Non-Interpersonal Stress -14.295 30.622 42 -0.467 0.643 

      

Chronic Interpersonal Stress -39.359 48.751 42 -0.807 0.424 

      

Chronic Non-Interpersonal Stress -29.273 78.245 42 -0.374 0.710 

      

Episodic Interpersonal Stress -4.070 28.020 42 -0.145 0.885 

      

Episodic Non-Interpersonal Stress -18.040 63.149 42 -0.286 0.777 

 

 

Note: Each variable listed above was entered in a separate model. Sex and MMASQ 

General Distress were included as covariates in every model.  
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Table 3. Regression Results for Effects of Stress on Left Ventral Striatal Reactivity to 

Reward 

 

Effect b SE(b) df t p 

      

Overall Interpersonal Stress 2.844 35.868 42 0.079 0.937 

      

Overall Non-Interpersonal Stress -31.616 36.068 42 -0.877 0.386 

      

Chronic Interpersonal Stress 11.803 58.212 42 0.203 0.840 

      

Chronic Non-Interpersonal Stress -20.455 92.860 42 -0.220 0.827 

      

Episodic Interpersonal Stress -2.366 33.224 42 -0.071 0.944 

      

Episodic Non-Interpersonal Stress -75.685 74.020 42 -1.022 0.312 

 

 

Note: Each variable listed above was entered in a separate model. Sex and MMASQ 

General Distress were included as covariates in every model.  
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APPEXNDIX B. FIGURES 

Figure 1. Significant Clusters in the Bilateral Ventral Striatum 

 
 

Note:. Images are displayed in a standard radiographic view (coronal slice is displayed 

as if the viewer is observing the brain from the front, and the horizontal slice is displayed 

as if the viewer is observing the brain from the bottom). Clusters in the above images are 

thresholded at a minimum of z = 3.30  
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Figure 2. Left Ventral Striatum ROS Curve 

 
 

Note: Shaded regions represent regions of significance, or values of Grit (mean-

centered) at which the simple effect of Chronic Interpersonal Stress on left Ventral 

Striatal Reactivity is significant. Negative t-scores represent a negative regression 

coefficient (i.e., an inverse relationship), while positive t-scores represent a positive 

regression coefficient (i.e., a positive relationship).  
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Figure 3. Right Ventral Striatum ROS Curve 

 
 

Note: Shaded regions represent regions of significance, or values of Grit (mean-

centered) at which the simple effect of Chronic Interpersonal Stress on right Ventral 

Striatal Reactivity is significant. Negative t-scores represent a negative regression 

coefficient (i.e., an inverse relationship), while positive t-scores represent a positive 

regression coefficient (i.e., a positive relationship). 


