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Abstract 

Theoretical and empirical work suggest that reactivity to stress and responsivity to reward are correlated 

domains of functioning, and that dysfunction in the stress and reward systems may underlie Major 

Depressive Disorder (MDD). The goals of the current study are to examine: (1) the longitudinal stability 

of cortisol reactivity to stress and behavioural reward responsivity; (2) longitudinal changes in cortisol 

reactivity to stress and behavioural reward responsivity; (3) moderating variables (depression symptoms, 

anhedonia symptoms, sex, childhood maltreatment, and life stress) in the stability and change of cortisol 

reactivity to stress and behavioural reward responsivity; and (4) the co-variation of cortisol reactivity to 

stress and behavioural reward responsivity over time. The current study includes 77 adults (52 with a 

lifetime history of MDD, 25 never-depressed) who were well-characterized in terms of their diagnostic 

and symptom profiles, and who participated in a laboratory stress challenge (the Trier Social Stress Task; 

TSST) and a computerized Probabilistic Reward Task (PRT) at two time points approximately six months 

apart. My results indicated that there was general stability in both cortisol reactivity to stress and reward 

responsivity over time (i.e., Time 1 scores significantly predicted Time 2 scores); however, stability was 

also associated with moderating variables. There were also changes in both cortisol reactivity and reward 

responsivity over time (i.e., increases or decreases at a group level); however, these changes were related 

to moderating variables. Finally, my results suggested that cortisol reactivity to stress and behavioural 

reward responsivity co-varied over time. This is the first study to examine the longitudinal stability of 

both cortisol reactivity to a social evaluative stress task and behavioural reward responsivity. Further, this 

study is the first to examine how cortisol reactivity and reward responsivity co-varied across two time 

points. My findings provided an important foundation in identifying factors that may be relevant in 

altering the stability of cortisol reactivity and reward responsivity, and suggested that changes in 

anhedonia symptomatology and exposure to stressful life events may be particularly relevant to the 

stability of the stress and reward systems over time.  
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Chapter 1 

Introduction 

Depression is the leading cause of disability worldwide, and the second-leading contributor to the 

global burden of disease (World Health Organization, 2017). The direct treatment costs and indirect costs 

of disability claims and lost productivity associated with depression in the United States total $210 billion 

per year, making it the costliest of all mental illnesses (Greenberg et al., 2015). However, progress in 

understanding the etiology and pathology of MDD has been hindered by its extreme heterogeneity. 

Research has indicated that among individuals with a diagnosis of MDD, there is significant variability in 

which symptoms are endorsed (American Psychiatric Association, 2013; Zimmerman et al., 2015), the 

severity of symptoms (Rytsälä et al., 2005; Spijker et al., 2004), the age of onset (Alexopoulos et al., 

1996), recurrence of episodes (Kruijshaar et al., 2003), level of disability and functional impairment (van 

der Werff et al., 2010), and prognosis (American Psychiatric Association, 2013).  

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American 

Psychiatric Association, 2013), the essential feature of a MDD episode is a period of at least two weeks 

where an individual experiences a depressed mood and/or anhedonia (defined as a loss of pleasure or 

interest in things that are normally enjoyable). If this main criterion has been met, a diagnosis of MDD is 

contingent on the presence of at least four additional symptoms out of a total of nine possible symptoms 

(including depressed mood and anhedonia). Mathematically, this suggests that there are 227 possible 

symptom combinations for MDD, and thus 227 different ways that someone could meet diagnostic 

criteria for this disorder (Zimmerman et al., 2015). However, symptom occurrence is not determined by 

random chance, which results in certain combinations appearing more frequently and others not occurring 

at all (Zimmerman et al., 2015). In a study examining over 1500 individuals in a current episode of MDD, 

Zimmerman and colleagues (2015) identified 170 symptom combinations. Although approximately one 

quarter of the possible symptom combinations were not observed in real patients, this number still 
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highlights the extreme heterogeneity of this disorder. Because of the polythetic definition for MDD, the 

diagnostic category of MDD from the DSM-5 fails to capture key underlying mechanisms of this 

heterogeneity, and the boundaries of this category, and diagnostic categories in general, tend to not be 

predictive of recovery and treatment response (Insel et al., 2010).  

Indeed, research has suggested that even the most advanced treatments for MDD are only 

effective for 50-60% of patients (Rush et al., 2006). For example, in a longitudinal treatment study of 

adult outpatients with MDD, Rush and colleagues (2006) examined the long-term outcomes associated 

with the Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial. This method involved 

the sequenced administration of acute treatments aimed at mitigating depression symptoms. If patients’ 

symptoms did not remit following the treatment provided at that step, they were encouraged to proceed to 

the next treatment step. At Level 1, participants received citalopram, a selective serotonin reuptake 

inhibitor (SSRI) antidepressant. If participants did not respond to citalopram, they were randomly 

assigned to one of seven Level 2 treatments, which included four switch treatments (citalopram was 

stopped and participants were provided with an alternate antidepressant medication or with cognitive 

therapy) and three augmented treatments (participants continued to take citalopram and were also 

provided with an additional antidepressant or with cognitive therapy). Participants who did not remit after 

Level 2 proceeded to Level 3, which included two medication switch strategies and two medication 

augmentation strategies. Finally, Level 4 included a medication switch strategy or medication 

augmentation. Overall, Rush and colleagues (2006) found that over half of their participants achieved 

remission; however, there was significant variability in which treatments were ultimately effective for 

different individuals and many individuals did not achieve remission despite receiving this gold-standard 

treatment approach. Taken together with findings on the extreme heterogeneity of MDD, a pressing 

research priority is to focus on more homogenous features within MDD that may better predict clinical 

outcomes.  
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The Research Domain Criteria (RDoC) is a research framework for investigating mental 

disorders. The RDoC project, funded by the National Institute of Mental Health (NIMH), was launched in 

2009 and involved collaboration among over 200 leading scientists. The overarching goal of the RDoC is 

to develop an understanding of the nature of mental illness in terms of varying degrees of dysfunction in 

general psychological and biological systems (Insel et al., 2010). The RDoC does not rely on diagnostic 

categories, and instead focuses on transdiagnostic domains of functioning that can be measured 

objectively and that have clear neurobiological targets (Cuthbert & Kozak, 2013; Insel et al., 2010). This 

focus on clear neurobiological targets is expected to provide information on the basic biological and 

cognitive processes that are relevant in the etiology of mental disorders (Cuthbert & Kozak, 2013; Insel et 

al., 2010). 

The RDoC framework proposes five main domains of functioning: Positive Valence Systems, 

Negative Valence Systems, Cognitive Systems, Systems for Social Processes, and Arousal/Regulatory 

Systems. Two domains of functioning that have received a great deal of theoretical and empirical 

investigation in depression include threat processing (which falls within Negative Valence Systems) and 

reward processing (which falls within Positive Valence Systems). In particular, a long history of literature 

has documented differences between depressed and non-depressed individuals in biological reactivity to 

environmental threat, or stress, and in behaviour associated with pursuing rewards (Bogdan et al., 2013). 

In general, there is growing evidence that the neuromodulators of the stress and reward systems are 

related and influence one another, and that dysfunction in these systems may contribute to the 

development of depression and may be particularly relevant to an anhedonic symptom presentation within 

depression (Luyten & Fonagy, 2018).  

Anhedonia, one of two core features of MDD, has been generally defined as a decrease in the 

ability to experience pleasure and joy in the presence of stimuli that normally elicit these responses 

(Agrawal et al., 2012; Fawcett et al., 1983). Clinically, anhedonia is assessed with symptom measures that 

include items that tap into this definition (e.g., “Felt like nothing was enjoyable;” “Did not look forward 
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to things with enjoyment;” “Did not enjoy spending time with family and close friends”). Anhedonia is 

not necessary for a diagnosis of MDD and approximately 70% of MDD patients meet criteria for this 

symptom (Buchwald & Rudick-Davis, 1993). However, the presence of anhedonia has been recognized as 

being indicative of a more severe form of the disorder (Agrawal et al., 2012), and thus represents an 

important research target. 

Despite growing interest in the relevance of stress reactivity and reward responsivity within 

depression and anhedonia, there has been little research to date that examines whether these constructs are 

stable over time or whether they fluctuate based on relevant biological, psychological, and environmental 

factors. Examining the stability of these constructs, as well as the stability of the relation between them, is 

crucial in understanding the degree of chronicity in stress and reward system dysfunction, which in turn 

will improve our understanding the relevance of stress and reward system dysfunction to psychiatric 

disorders such as MDD. Further, given the significant heterogeneity of DSM-5-defined MDD, the 

comparative homogeneity of anhedonia may make it a more powerful construct when investigating the 

etiological mechanisms that are relevant to MDD as a whole. Thus, the present study focused on stability 

and change over time in two RDoC constructs – stress reactivity and reward responsivity – that may be of 

particular relevance to anhedonia within MDD.  

For the purposes of the present study, the term “stability” is used to describe the general 

predictive nature of the relation of variables over time. If two variables were stable over time, this 

suggests the presence of a significant and positive regression slope. This indicates that generally, 

individuals who performed in the lower range on a variable at Time 1 also performed in the lower range 

at Time 2, and that individuals who performed in the higher range at Time 1 also performed in the higher 

range at Time 2. This is distinct from “change” over time, which refers to whether or not the overall 

group mean on a certain variable at Time 1 differed significantly from the overall group mean on that 

same variable at Time 2. Therefore, in the present study, the term “stability” refers to the predictive 
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relation between variables over two time points and the term “change” refers to whether or not there is a 

change in the mean of a variable across two time points. 

In line with the RDoC framework that removes emphasis from diagnostic categories and instead 

focuses on transdiagnostic domains of functioning that can be measured more objectively, the present 

study did not focus on MDD as a diagnostic category. Instead, this study focused on variables that have 

been identified as potentially relevant to depression, and examined them within a sample that included 

never-depressed participants, currently depressed participants, and past-depressed participants. The 

overarching goals of this dissertation were to: (a) examine stability and changes in biological reactivity to 

a social-evaluative stress task and behavioural reward responsivity across two time points; (b) examine 

other variables that may be relevant to stability and changes in cortisol reactivity and reward responsivity, 

including changes in depression symptoms, changes in anhedonia symptoms, sex, a history of childhood 

maltreatment, and recent stressful life events; and (c) examine the stability of the relation between cortisol 

reactivity and reward responsivity across time.   
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Chapter 2 

Literature Review 

Depression and Cortisol Reactivity to Stress 

The stress response system is subserved biologically by the hypothalamic-pituitary-adrenal 

(HPA) axis. When exposed to a stressor, corticotropin-releasing hormone (CRH) is released from the 

hypothalamus, which stimulates the release of adrenocorticotropic hormone (ACTH) from the anterior 

pituitary, and finally secretion of the glucocorticoid hormone cortisol from the adrenal cortex as the end 

product of the axis (see Figure 2.01). Under conditions of acute stress, the HPA axis serves to mobilize an 

adaptive physiological response to threat. Upon termination of the stressor, cortisol then terminates the 

stress response through negative feedback on the axis (Pariante & Lightman, 2008; Schatzberg et al., 

2014).  

Figure 2.01 

The Hypothalamic-Pituitary Adrenal (HPA) Axis 

 
Note. When a stressor stimulates the hypothalamus to secrete adrenocorticotrophic hormone- releasing 

factor (CRF) and vasopressin (AVP), it results in secretion of adrenocorticotrophic hormone (ACTH) 

from the pituitary, which in turn results in secretion of the glucocorticoid cortisol from the adrenal cortex. 

Cortisol then inhibits CRF and AVP and triggers a negative feedback loop to inhibit further stress 

response. 
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The Trier Social Stress Test (TSST) reliably elicits an HPA axis response in the laboratory 

(Dickerson & Kemeny, 2004), and is particularly relevant to depression given its uncontrollable and 

social evaluative nature (Kudielka & Kirschbaum, 2005). In the TSST, participants are required to give a 

five-minute speech to a panel of judges, during which time they are required to maintain eye contact and 

are prompted to continue speaking if they pause. Following the speech, participants are instructed to 

verbally complete an unexpected and difficult arithmetic task. Throughout the arithmetic task, participants 

are repeatedly prompted to maintain eye contact with the judges and to calculate more quickly. Response 

of the HPA axis to the TSST is typically assessed through the assay of cortisol from saliva samples 

collected at regular intervals over the course of reactivity to, and recovery from, the stressor. Meta-

analytic evidence suggests that in response to laboratory stress challenges, including the TSST, 

depression is associated with a flat (i.e., blunted or hyporeactive) pattern of cortisol reactivity, as well as a 

corresponding flat recovery back to baseline, relative to non-depressed individuals (Burke et al., 2005). 

Blunting may be achieved through resistance (i.e., desensitization) of glucocorticoid receptors. In 

particular, it has been proposed that chronically high CRH release, either as a genetically-mediated trait 

(Holsboer, 2000; Modell et al., 1998) or as a consequence of prolonged exposure to stress and severe 

depressive episodes (e.g., Burke et al., 2005; Harkness et al., 2011), in the context of this reduced 

glucocorticoid negative feedback, ultimately leads to a downregulation in CRH receptors on ACTH-

producing cells in the anterior pituitary (Holsboer, 2000; Modell et al., 1998). However, Burke and 

colleagues (2005) note that there is wide variability in the cortisol response to stress in depression, with 

some individuals displaying heightened (i.e., hyperreactive) cortisol reactivity to an acute stressor. This 

variability in findings highlights the need for further research on additional factors that may impact 

cortisol reactivity in those with depression.  

Stability and Change in Cortisol Reactivity Over Time 

Some research has suggested that healthy individuals tend to show relatively stable patterns of 

cortisol reactivity to laboratory stress over time (Leppert et al., 2016); however, there is some habituation 
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(i.e., reduction in cortisol response over time) expected following repeated participation in the same stress 

task (Kirschbaum et al., 1995; Morris & Rao, 2014; Schommer et al., 2003). For example, Leppert and 

colleagues (2016) examined the stability of cortisol reactivity to a social evaluative stress task from early 

(Mage = 4.19 years) to middle childhood (Mage = 7.27 years). They found that in healthy children, early 

childhood cortisol reactivity to stress positively predicted middle childhood cortisol reactivity to stress. 

Similarly, Shirtcliff and colleagues (2011) examined the longitudinal stability of diurnal salivary cortisol 

levels (levels of cortisol secretion throughout the day) by following a group of healthy children from age 

nine to age 15. In order to establish diurnal cortisol levels, salivary cortisol was collected at three time 

points during the day during the study: (1) shortly after waking, (2) between 3:00 PM and 7:00 PM 

(before dinner), and (3) just prior to bedtime. Shirtcliff and colleagues (2011) found general evidence of 

cortisol stability in that baseline salivary cortisol at age nine continued to predict salivary cortisol at 

follow-ups. Kirschbaum and colleagues (1995) examined cortisol reactivity in healthy men across 

repeated administration of a psychosocial stress. The first four exposures to the task occurred on 

consecutive days (Monday through Thursday), and the final exposure occurred four days later on the 

following Monday. They found that cortisol reactivity was positively correlated across the five time 

points (suggestive of stability), and that there was also a significant decrease in cortisol reactivity between 

the first and second exposures (suggestive of habituation). However, no further attenuation in cortisol 

responses was observed after the second exposure to the task. Both Schommer and colleagues (2003) and 

Morris and Rao (2014) also observed decreases in cortisol reactivity to a laboratory psychosocial stress 

task over time, suggestive of habituation. Specifically, Schommer and colleagues (2003) examined 

cortisol reactivity to a social evaluative stress task in healthy men and women on three occasions with a 

four-week interval between exposures. They found that cortisol reactivity to stress decreased with each 

exposure to the stress task and concluded that HPA responses to psychosocial stress appear to quickly 

habituate. Finally, Morris and Rao (2014) examined cortisol reactivity to a social evaluative stress task 

across two time points that were six months apart. They found that in adults with no personal or family 
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psychiatric history, cortisol reactivity at the second time point was lower than at the first time point, 

suggestive of habituation to the task.  

Taken together, prior research examining cortisol reactivity to social stress in healthy children 

and adults suggests that there is evidence of stability in responses over time (e.g., a positive association 

between time points) as well as habituation (e.g., a decrease in overall cortisol output). However, research 

has also suggested that there may be important differences in both the stability of cortisol reactivity and 

changes in cortisol reactivity over time based on factors such as depression and environmental stressors 

(Leppert et al., 2016; Miller et al., 2007; Morris & Rao, 2014). 

Relevant Variables in Stability and Change in Cortisol Reactivity 

Depression 

As noted above, depression is an important factor in the cortisol response to stress, in general, 

with depression typically associated with a blunted pattern of reactivity relative to non-depressed samples 

(Burke et al., 2005). In terms of stability over time, research with children and adolescents has suggested 

that cortisol reactivity to stress may be less stable in individuals with psychopathology relative to those 

without. As noted above, Leppert and colleagues (2016) examined children’s cortisol responses to a social 

evaluative stress task from early to middle childhood. Their results indicated that children with fewer 

psychiatric symptoms demonstrated greater cortisol stability over time, whereas the emergence of 

psychopathology, including depression, was associated with instability in cortisol reactivity over time. 

Specifically, Leppert and colleagues found that for children with early childhood psychiatric symptoms, 

elevated cortisol in early childhood was often negatively associated with a lower cortisol response in 

middle childhood (i.e., higher cortisol in early childhood predicted lower cortisol in middle childhood) 

and vice versa. In contrast, children low in psychiatric symptoms retained similar patterns of cortisol 

reactivity to stress from early to middle childhood (i.e., higher cortisol in early childhood predicted higher 

cortisol in middle childhood).  
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In direct contrast, research has also suggested that depressed individuals’ cortisol responses to a 

psychosocial stress task may remain even after their Major Depressive episode has remitted, suggesting 

the possibility of a trait-like marker (Morris & Rao, 2013). Specifically, Morris and Rao examined 

changes in cortisol reactivity to the Trier Social Stress Task at baseline and six-month follow-up 

appointments in both depressed and non-depressed participants. Within the depressed group, Morris and 

Rao observed elevated cortisol reactivity to stress at both time points, even when the depressive episode 

had remitted at Time 2. In contrast, as noted above, non-depressed participants showed a reduced cortisol 

response to stress at their six-month follow-up, which the authors asserted may be attributable to 

habituation and increased comfort with the task. These findings suggested that individuals with a lifetime 

history of depression continued to show and elevated cortisol response to stress and did not demonstrate 

habituation to the task. However, given research suggesting that cortisol reactivity to stress may fluctuate 

based on depression symptoms I hypothesized that in terms of the stability of cortisol reactivity to stress 

over time, in participants whose depression symptoms increased or decreased in severity between the time 

points, Time 1 cortisol reactivity to stress would not significantly predict Time 2 cortisol reactivity. In 

contrast, in participants whose depression symptoms remained unchanged, Time 1 cortisol reactivity 

would significantly predict Time 2 cortisol reactivity. Further, I hypothesized that in terms of change in 

cortisol reactivity over time, in participants whose depression symptoms worsened between Time 1 and 

Time 2, there would be no significant decrease (i.e., no habituation) in cortisol reactivity at Time 2. In 

participants whose symptoms remained unchanged or improved, I hypothesized that there would be a 

significant decrease (i.e., typical habituation) in cortisol reactivity at Time 2. 

Anhedonia 

Given that depression is a highly heterogeneous disorder, anhedonia (i.e., a loss of interest and 

pleasure in previously enjoyed activities), one of two core features of MDD, may provide a clearer target 

than MDD as a whole when predicting the stability of intermediate phenotypes such as stress reactivity 

(Cuthbert & Kozak, 2013; Insel et al., 2010). Anhedonia has been linked to a well-articulated 
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neurobiological reward circuit that, in animal models, is strongly related to stress and HPA axis 

functioning (Cabib & Puglisi-Allegra 2012; Lamontagne et al., 2018; Moore et al. 2001; Ventura et al. 

2002). For example, Lamontagne and colleagues (2018) examined dopamine and glucocorticoid systems 

in anhedonia using a rat version of a probabilistic reward task (PRT). They found that activation of the 

glucocorticoid system through dexamethasone (DEX) administration subsequently resulted in reduced 

reward-seeking behaviour, characteristic of anhedonia.  

To my knowledge, there have been no prior studies specifically examining the relation between 

anhedonia and cortisol reactivity to a social evaluative stress task in humans. However, the presence of 

anhedonia has been recognized as being indicative of a more severe form of depression (Agrawal et al., 

2012), and more severe depression has been associated with a blunted pattern of cortisol reactivity to 

stress. Given research suggesting that anhedonia is a more homogenous construct than MDD as a whole, I 

sought to examine anhedonia separately from overall depression symptoms in order to assess any effects 

specific to this symptom. However, I ultimately expected that anhedonia would have a similar relation to 

cortisol reactivity to stress as overall depression symptoms. In terms of the stability of cortisol reactivity 

to stress over time, I hypothesized that similar to depression, in participants whose anhedonia symptoms 

increased or decreased in severity between the time points, Time 1 cortisol output would not significantly 

predict Time 2 cortisol reactivity to stress. In contrast, in participants whose anhedonia symptoms 

remained unchanged, I hypothesized that Time 1 cortisol reactivity would significantly predict Time 2 

cortisol reactivity. Further, in terms of change in cortisol reactivity, I hypothesized that in participants 

whose anhedonia symptoms worsened between Time 1 and Time 2, there would be no significant 

decrease (i.e., no habituation) in cortisol reactivity at Time 2. In participants whose symptoms remained 

unchanged or improved, I hypothesized that there would be a significant decrease (i.e., typical 

habituation) in cortisol reactivity at Time 2. 
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Sex 

Research on general cortisol reactivity to stress has suggested that sex is an important source of 

variability and should be taken into consideration when conducting research involving cortisol. 

Specifically, research across non-depressed and depressed samples has reported a pattern of lower cortisol 

reactivity to laboratory social-evaluative stress challenge in women relative to men (e.g., Bouma et al., 

2009; Kudielka & Kirschbaum, 2005; Lopez-Duran et al., 2015; Mazurka et al., 2018; Stephens et al., 

2016). In particular, men appear to mobilize a greater hormonal response to stress challenge, as well as a 

more rapid return to baseline than women.  

Although there is an abundance of prior research indicating that there are sex differences in 

general cortisol reactivity, prior research has suggested that sex may not further moderate the stability of 

cortisol over time. For example, Leppert and colleagues (2016) found that child sex was not a significant 

moderator in the relation between cortisol reactivity to stress in early childhood and cortisol reactivity to 

stress in middle childhood. Similarly, Shirtcliff and colleagues (2011) found that although sex differences 

were observed in overall levels of diurnal cortisol and in the curvature of daily cortisol rhythms, both 

boys and girls demonstrated relative longitudinal stability in diurnal salivary cortisol. Taken together, this 

may suggest that sex does not play a role in the stability of cortisol over time. 

In contrast, there is limited prior research on sex differences in changes (e.g., habituation) in 

cortisol reactivity to stress over time. Schommer and colleagues (2003) did not clarify whether sex was 

included as a moderator in their analyses of cortisol habituation in response to repeated administrations of 

a stress task, and Morris and Rao (2014) reported that they did not include sex as a moderator in changes 

in reactivity over time because they did not observe any significant associations among sex and their 

general cortisol variables. Therefore, it remains unclear if there are sex differences in the degree to which 

typical habituation is observed following repeated administrations of a social evaluative stress task. 

However, prior research has suggested that women report more subjective stress and negative affect 

during the TSST than men (e.g., Lee et al., 2014; Stroud, 1999), and I hypothesize that this may influence 
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habituation over time. Specifically, in a study examining gender differences in emotional and 

neurological responses to the TSST, Lee and colleagues (2014) found that men reported experiencing 

significantly less stress than women during the TSST. Similarly, Stroud (1999) examined sex differences 

in affect and cortisol reactivity to an interpersonal rejection stress task and to an achievement-based stress 

task. The findings indicated that women reported higher negative affect than men on both stress tasks. 

Further, Stroud (1999) reported a significant sex by task interaction, such that men showed greater 

cortisol reactivity (relative to their own baseline) over time in response to the achievement stressor, but 

women showed greater reactivity in response to the interpersonal stressor. Although speculative, it is also 

possible that increased subjective stress and negative affect in response to the TSST in women may result 

in less habituation to a social evaluative stress task over time compared to men. To date, the current study 

is the first to examine sex differences in stability and changes in cortisol responses to stress within an 

adult sample. Based on prior research suggesting that sex did not moderate the stability of cortisol 

reactivity to stress over time, I did not expect sex to influence the extent to which Time 1 cortisol output 

predicted Time 2 cortisol output. However, in terms of the change in cortisol reactivity over time, I 

hypothesized that men would demonstrate habituation between the two time points (i.e., a lower cortisol 

response at Time 2 compared to Time 2). In contrast, I hypothesized women would demonstrate less 

habituation (i.e., a smaller reduction in cortisol reactivity) between the two time points compared to men.  

Childhood Maltreatment 

Childhood maltreatment encompasses experiences of emotional maltreatment (e.g., rejection, 

teasing, degradation, terrorization, isolation, neglect), physical maltreatment (e.g., pushing, slapping, 

hitting), and sexual maltreatment (any unwanted sexual experiences) that occurred during childhood and 

adolescence. Epidemiological studies have indicated that individuals with a history of childhood 

maltreatment are three to four times more likely to develop depression at some point in their lifetime than 

those without (MacMillan et al., 2009). Further, childhood maltreatment has been linked to the 
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functioning of the stress (e.g., Bunea et al., 2017; Carpenter et al., 2010; Harkness et al., 2011; MacMillan 

et al., 2009; Suzuki et al., 2014) and reward systems (e.g., Dillon et al., 2009; Pechtel & Pizzagalli, 2013). 

Studies examining cortisol reactivity to social stress in individuals with and without a history of 

childhood maltreatment have generally found evidence of blunted (i.e., hyporeactive) patterns in those 

with childhood maltreatment (e.g., Bunea et al., 2017; Carpenter et al., 2010; MacMillan et al., 2009; 

Suzuki et al., 2014), particularly in individuals with more severe depression symptoms (Harkness et al., 

2011). For example, Suzuki and colleagues (2014) examined cortisol reactivity to affectively laden 

images and found that a history of childhood maltreatment was associated with blunted cortisol responses. 

Further, this relation held regardless of depression status. Similarly, in a study on cortisol reactivity to a 

social evaluative stress task in female adolescents, MacMillan and colleagues (2009) found that girls with 

a history of maltreatment exhibited a blunted cortisol response to a stressor compared to non-maltreated 

girls, and this response occurred regardless of depression symptoms. In a sample of non-depressed adult 

females, Carpenter and colleagues (2010) found that a history of physical abuse was associated with a 

blunted cortisol response to a social evaluative stress task. Further, in a meta-analysis that included 30 

datasets examining the relation between early life adversity and cortisol reactivity to stress, Bunea and 

colleagues (2017) concluded that there is strong support for an association between early life stress and a 

blunted cortisol response pattern to social stress.  

Finally, Harkness and colleagues (2011) examined the relation between childhood maltreatment 

and cortisol reactivity to a social evaluative task, stratified by depression severity. They found that in 

individuals with a history of maltreatment, MDD that was early in its course and mild in severity was 

associated with an elevated cortisol response to stress (i.e., hypercortisolemia), whereas recurrent or more 

severe depression was associated with blunted cortisol responses, particularly in those with a 

maltreatment history. Harkness and colleagues (2011) noted that this pattern of findings suggests that the 

neurobiological stress system may be functioning differently in individuals with mild or moderate 

depression versus severe depression. As discussed previously, prior research has suggested that those at 
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genetic risk for developing depression, and who would therefore be prone to developing a more severe 

and recurrent form of this disorder, may express trait glucocorticoid desensitization. Harkness and 

colleagues (2011) suggested that high CRH release resulting from the stress of childhood maltreatment, in 

the context of reduced glucocorticoid negative feedback, would in turn result in a down-regulation in 

CRH receptors on ACTH-producing cells in the anterior pituitary. This may be the mechanism underlying 

a blunted pattern of cortisol reactivity to stress in those with both a history of maltreatment and who have 

severe depression (Harkness et al., 2011). 

There is limited prior research that has specifically examined the role of childhood maltreatment 

in the longitudinal stability of cortisol reactivity to stress. In a study examining the stability of diurnal 

cortisol rhythms over time in children and adolescents, Essex and colleagues (2011) found that children 

who had experienced early life stress demonstrated stable and trait-like diurnal cortisol rhythms over 

time. Taken together with research suggesting that there appears to be general stability in cortisol 

reactivity to stress in non-maltreated individuals, I did not expect a history of childhood maltreatment to 

moderate the stability of cortisol reactivity between Time 1 and Time 2. More specifically, I hypothesized 

that Time 1 cortisol reactivity would significantly predict Time 2 cortisol reactivity in individuals with 

and without a history of maltreatment. However, I did expect that childhood maltreatment would 

moderate change in cortisol reactivity over time. In particular, based on literature suggesting the trait-like 

nature of HPA axis reactivity in those with maltreatment histories, I hypothesized that those with a history 

of childhood maltreatment would not show habituation to a social evaluative stress task between Time 1 

and Time 2 (i.e., Time 1 cortisol reactivity would not differ significantly from Time 2 cortisol). In 

contrast, I hypothesized that those without a history of childhood maltreatment would demonstrate 

habituation (i.e., Time 2 cortisol reactivity would be significantly lower than Time 2 cortisol reactivity). 

Recent Life Stress 

Stressful life events encompass a variety of impactful negative circumstances such as losses, 

setbacks, and psychosocial events (Monroe & Reid, 2009). There is an abundance of research linking 
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stressful life events to depression (Hammen, 2005; Jackson, 1986; Mazure, 1998; Monroe, 2008). Further, 

research has linked life stress to the stress (e.g., Miller et al., 2008) and reward systems (e.g., Casement et 

al., 2015; Pizzagalli et al., 2007). In the present study, stressful life events refer to relatively recent events 

(e.g., within the three months preceding the study appointments) that involved the participant, close 

family members, or confidants. Stressful life events also range in category and include events related to 

health, accidents and crises, work, education, finances, housing, interpersonal relationships, and legal 

issues. 

Research examining the link between cumulative lifetime stress or chronic life stress and cortisol 

levels have generally suggested that chronic stress is associated with higher basal cortisol levels and 

blunted cortisol reactivity to laboratory stress tasks (e.g., Alexander et al., 2009; Armbruster et al., 2011; 

Bosch et al., 2012; Elzinga et al., 2008; Obasi et al., 2017; Miller et al., 2007; Pike et al., 1997). However, 

only a small number of studies have examined the relation of more proximal stressful life events to 

cortisol reactivity to a social evaluative stress task. For example, in a sample of young adults Reid (2014) 

found that experiencing at least one stressful life event in the year preceding the study was associated 

with a lower rise in cortisol during a stress task compared to individuals who had not experienced a 

stressful life event in the past year. In direct contrast, Heim and colleagues (2002) examined the relation 

between stressful life events in the past year and cortisol reactivity to stress in a sample of women. They 

found that in the full sample, stressful life events over the past year was not significantly associated with 

peak cortisol reactivity during the TSST. Rao and colleagues (2008) examined the relation between 

stressful life events over the past six months and cortisol reactivity to stress in a sample of adolescents. 

Similar to the findings of Heim and colleagues (2002), Rao and colleagues (2008) did not find a 

significant relation between stressful life events and peak cortisol reactivity to the TSST. One possible 

explanation for the mixed findings on the link between recent stressful life events and cortisol reactivity 

to stress is the potential heterogeneity in the timing of the life event when the time span under 

examination is six months to one year (i.e., some individuals may have experienced the stressful life event 
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10 months prior to the study appointment and some individuals may have experienced the stressful life 

event 10 days prior to the study appointment). Although speculative, it is possible that stressful life events 

are associated with differences in cortisol reactivity, but only when the stressful life event occurs more 

proximally in time to subsequent acute stress (e.g., as opposed to up to six months to one year). Miller 

and colleagues (2007) conducted a meta-analysis on 107 studies examining HPA axis activity following 

exposure to various forms of self-reported life stress. Although based on research examining morning 

cortisol, daily cortisol volume, ACTH, and postdexamethasone cortisol (as opposed to cortisol reactivity 

to an acute stress task), an important finding from this study was that cortisol levels were generally 

elevated initially in the weeks following a stressor; however, as more time elapsed, cortisol levels 

eventually returned to within “normal” ranges. This may suggest that stressful life events do influence 

HPA axis functioning, but that these effects are temporary and only occur only in the short-term.  

To my knowledge, there are no prior longitudinal studies that have examined the role of recent 

stressful life events on stability and changes in cortisol reactivity over time. Given that prior research on 

the relation between stressful life events and cortisol reactivity to stress focusing on larger time frames 

(i.e., six months to one year) has not found a significant relation between stressful life events and cortisol 

reactivity to stress, in the present study I sought to examine the role of more recent (i.e., within three 

months of the follow-up study appointment) stressful life events in stability and changes in cortisol 

reactivity to stress over time. Although some heterogeneity in the timing of the stressful life event still 

occurred, the range was reduced compared to prior studies that examined stressful life events in the year 

preceding the study appointment. In terms of the stability of cortisol reactivity over time, I hypothesized 

that the occurrence of a stressful life event would be disruptive to an individual’s typical HPA axis 

functioning and therefore reduce the stability of cortisol reactivity between time points. Specifically, I 

expected that in individuals with at least one stressful life event in the three months preceding Time 2, 

Time 1 cortisol reactivity would not significantly predict Time 2 cortisol reactivity. In contrast, in 

individuals without a recent stressful life event, I expected that Time 1 cortisol reactivity would 
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significantly predict Time 2 cortisol reactivity. In terms of change in cortisol reactivity over time, I 

hypothesized that individuals who had experienced a recent stressful life event would experience more 

habituation (stemming from repeated stress exposure to both the TSST at Time 1 and a more recent life 

event) than those without a recent stressful life event. Specifically, I expected that in individuals who had 

experienced a recent stressful life event, there would be a bigger decease in Time 2 cortisol reactivity 

compared to those who had not experienced a recent stressful life event. 

Depression and Reward Responsivity 

A stimulus is described as “rewarding” if it positively reinforces behaviour (i.e., through 

increasing the likelihood that an individual will engage in that behaviour; Hull, 1943; Rescorla & 

Wagner, 1972). The reward system is a complex process that involves a number of components (Berridge 

& Kringelbach, 2008). Berridge and Kringelbach (2008) provide a comprehensive discussion on the three 

main components of the reward system, as well as the subdivisions subsumed by each main component. 

The first component is Liking, which refers to the pleasure or hedonic impact associated with receiving a 

reward. Pleasure further comprises two levels: core liking reactions that are not necessarily perceived 

consciously; and conscious experiences of pleasure. The second component, Wanting, describes processes 

related to motivation to obtain a reward. Wanting includes both incentive salience processes that are not 

necessarily conscious and conscious desires to obtain incentives and achieve goals that will result in a 

pleasurable outcome. Finally, Learning refers to associations, representations, and predictions about 

future rewards based on past reward-related experiences. This can encompass both implicit knowledge 

(including associative conditioning) and explicit and conscious predictions about how to obtain rewards. 

Research has indicated that although there is some overlap in the neural circuitry involved in these three 

components of reward, these components may also be mediated by partly dissociable brain substrates 

(Berridge & Kringelbach, 2008). 

Throughout the reward literature, the term “reward responsivity” is used broadly to describe the 

extent to which an individual responds implicitly (e.g., underlying neural processes and neural activation) 
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and explicitly (e.g., conscious cognition; behaviour) to rewarding stimuli. However, for the purposes of 

the present study, reward responsivity encompasses: (a) response bias to rewards; and (b) reward learning. 

Reward responsivity, as used in the present study, has been examined experimentally with signal 

detection tasks that use a differential reinforcement schedule with monetary reward to objectively 

measure responsivity to rewarding stimuli (Pizzagalli, 2014). Figure 2.02 depicts the stimuli from the 

Probabilistic Reward Task (PRT; Pizzagalli et al., 2005). In each block, participants are presented with 

cartoon face stimuli on a computer screen, and they indicate by key press whether the mouth on the face 

is short (11.5mm) or long (13mm). Stimuli are presented for 100ms in three blocks of 100 trials. To elicit 

a response bias, correct identification of the one mouth (“rich stimulus”) is rewarded (“Correct! You won 

20 Cents”) three times more frequently than correct identification of the other mouth (“lean stimulus”).  

Figure 2.02 

Stimuli from the Probabilistic Reward Task (PRT) 

 
 

Note. For each trial of the PRT, the participant must decide whether a short or a long mouth was 

presented (reproduced from Pizzagalli et al., 2009). 

 
Therefore, in the present study, response bias encompasses both liking and wanting and refers to 

an individual’s general tendency to selectively choose a “rich” stimulus (i.e., a stimulus associated with a 

higher probability of a reward) over a “lean” stimulus (i.e., a stimulus associated with a lower probability 

of a reward). Reward learning refers to changes in an individual’s response bias throughout the course of 

the PRT and involves the integration of information about reinforcement history over time to optimize 

responses.  
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The general neural circuitry of reward involves, in part, the mesolimbic and mesocortical 

dopaminergic circuits that project from the striatum and ventral tegmental area through the nucleus 

accumbens to the medial prefrontal cortex (Berridge & Kringelbach, 2008). The ventromedial prefrontal 

cortex and rostral anterior cingulate cortex receive dense dopaminergic inputs and have been implicated 

in reward-guided decision-making (Rushworth et al., 2007). Of particular relevance to the present study is 

that MDD is characterized by reduced sensitivity of dopaminergic receptors, and reduced dopamine 

release in ventral striatal regions (Dunlop & Nemeroff, 2007; Gershon et al., 2007). Weaker responses to 

rewarding stimuli have been found in left nucleus accumbens and caudate in depressed versus non-

depressed groups (Pizzagalli et al., 2009). Further, higher self-reported anhedonia has been associated 

with both lower nucleus accumbens responses to reward feedback and lower nucleus accumbens and 

caudate volume (Pizzagalli et al., 2009; Wacker et al., 2009), as well as lower orbitofrontal cortical and 

nucleus accumbens activity during reward anticipation (Ubl et al., 2015). 

On tasks such as the PRT, individuals with currently elevated symptoms of MDD, and with a past 

episode of MDD, currently in remission, are significantly less likely to develop a response bias to the 

rewarded stimulus than are never-depressed individuals (Pechtel et al., 2013; Pizzagalli et al., 2005; 

Vrieze et al., 2013). For example, in the PRT validation study, Pizzagalli and colleagues (2005) found 

that individuals who reported higher symptoms of depression (i.e., higher Beck Depression Inventory 

scores) also had lower response bias and did not demonstrate reward-related learning throughout the PRT 

than individuals with lower depressive symptoms. Further, their results indicated that lower response bias 

and reward learning scores were associated with higher self-reported symptoms of anhedonia in daily life. 

Pechtel and colleagues (2013) examined response bias and reward learning on the PRT in a group of 

never-depressed adults and a group of adults with remitted MDD. They found that individuals with 

remitted MDD demonstrated lower reward responsiveness than never-depressed adults. Further, a history 

of depression predicted current blunted reward responsivity over and above residual symptoms of 
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anhedonia, resulting in the hypothesis that blunted reward responsivity may be a trait-like deficit in those 

with a lifetime history of MDD. 

It is noteworthy that blunted responses to reward also prospectively predict onset of MDD (Bress 

et al., 2013) and, specifically, self- and clinician-rated symptoms of anhedonia (Pizzagalli et al., 2005; 

Vrieze et al., 2013). For example, Bress and colleagues (2013) examined feedback negativity, an event-

related potential component elicited by feedback indicative of reward gain or loss, in never-depressed 

adolescent girls. Their results suggested that lower feedback negativity at baseline was predictive of 

MDD onset during the two-year follow-up period. Further, Vrieze and colleagues (2013) examined 

reward responsivity on the PRT in a group of never-depressed individuals and a group of inpatients with 

MDD. As expected, MDD patients demonstrated lower reward learning compared to controls. Further, 

MDD patients with high anhedonia symptoms showed lower reward learning than MDD patients with 

lower anhedonia, and reduced reward learning predicted the persistence of depression symptoms after 

eight weeks of treatment. Finally, Pizzagalli and colleagues (2005) found that lower reward learning 

predicted elevated symptoms of anhedonia approximately one month later. Pizzagalli and colleagues 

(2005) noted that this finding is indicative of convergence between behavioural reward learning on a 

laboratory task and depression symptoms, including symptoms related to anhedonia. These findings are of 

particular importance in highlighting the relevance of examining the more homogenous constructs, such 

as anhedonia within broader diagnostic categories, such as MDD as a whole. 

Stability and Change in Reward Responsivity Over Time 

Research has provided evidence of short-term diurnal variation in reward responsivity and has 

suggested that reward responsivity can fluctuate throughout the day in concordance with circadian 

rhythms (Hasler et al., 2014; Whitton et al., 2018). Further, only a small number of studies have examined 

behavioural reward responsivity over relatively short periods of time (i.e., four to eight weeks; Pizzagalli 

et al., 2005; Vrieze et al., 2013). However, these studies have yielded conflicting findings. Pizzagalli and 

colleagues (2005) examined the stability of reward learning on the PRT across two time points that were 
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an average of 38 days apart. Their results indicated that reward learning at Time 1 was significantly 

correlated with reward learning at Time 2, suggestive of relative stability. Further, taken together with 

later research suggesting that individuals with remitted MDD demonstrate lower reward responsivity than 

never-depressed individuals (Pechtel et al., 2013), it was hypothesized that reward responsivity is trait-

like and in particular, trait-like deficits may underlie disorders like MDD. In direct contrast, Vrieze and 

colleagues (2013) found that at baseline, a group of inpatients with MDD demonstrated significantly 

lower reward learning than a control group. However, after eight weeks of inpatient treatment for 

depression, there were changes in the reward learning scores of the MDD group, such that no longer 

differed significantly from the reward learning scores of the control group at baseline. This appears to 

suggest that reward responsivity does fluctuate over time and has the potential to change in concordance 

with psychiatric symptoms. It is noteworthy that the time interval in Pizzagalli and colleagues’ (2005) 

study was shorter than that of Vrieze and colleagues’ (2013) study. Overall, there is a need for further 

research that includes a longer time interval between assessments and that examines the role of other 

variables that may be relevant to the long-term stability of, and changes in, reward responsivity.  

Synthesizing prior research findings, I hypothesize that reward responsivity may be generally 

stable over time in that scores at an initial time point will positively predict scores at a later time point 

(i.e., lower scores at Time 1 will generally predict lower scores at Time 2). However, I also hypothesize 

that reward responsivity is amenable to change over time, but that change may require a longer time 

interval as well as changes in relevant variables associated with reward responsivity (i.e., depression 

treatment resulting in symptom remission).  

Relevant Variables in Stability and Change in Reward Responsivity 

Depression 

Research examining reward responsivity in individuals with remitted depression has found that 

compared to healthy controls, individuals with remitted depression show reduced reward learning and 

abnormalities in response to reward loss (Edler Schiller et al., 2013; Pechtel et al., 2013). This may 
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indicate that depression is associated with trait-like abnormalities in reward responsivity; however, these 

studies did not assess currently depressed participants for comparison and did not assess stability (i.e., 

prediction over time) or changes in responses to reward-related cues over time in either depressed or non-

depressed individuals. Further support for the hypothesis that reward responsivity is characterized by both 

stability and little change over time, particularly in the context of depression, comes from research on 

genetic factors associated with reward responsivity. For example, Dreher and colleagues (2009) found 

that genetically influenced variance in dopamine transmission plays an important role in neural activation 

in reward-related areas of the brain, which in turn is thought to contribute to trait-like individual 

differences in behavioural reward responsivity. Further, these variations may predispose certain 

individuals to psychiatric disorders such as MDD (Dreher et al., 2009). However, as noted above, other 

research has suggested that improvements in depression symptoms after undergoing inpatient treatment 

can result in improvements in reward learning eight weeks later (Vrieze et al., 2013). Taken together, I 

hypothesized that although participants with a lifetime history of depression participants may generally 

show lower reward responsivity compared to non-depressed participants, fluctuations in depression 

symptoms would still influence behavioural reward responsivity. Thus, in terms of the stability of reward 

responsivity, I hypothesized that changes in depression symptoms between Time 1 and Time 2 would 

moderate the relation between Time 1 reward responsivity and Time 2 reward responsivity, such that in 

participants whose depression symptoms increased or decreased in severity between the time points, Time 

1 reward responsivity would not significantly predict Time 2 reward responsivity. In contrast, in 

participants whose depression symptoms did not change between Time 1 and Time 2, I hypothesized that 

Time 1 reward responsivity would significantly predict Time 2 reward responsivity. In terms of changes 

in reward responsivity over time, I hypothesized that in individuals whose depression symptoms 

worsened between Time 1 and 2, there would be a significant decrease in reward responsivity at Time 2. 

In participants whose symptoms remained unchanged, I hypothesized that there would be no significant 
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difference in reward responsivity between time points. Finally, in participants whose symptoms 

improved, I expected there to be an increase in reward responsivity at Time 2. 

Anhedonia 

Numerous research findings demonstrate a strong link between anhedonic symptoms and blunted 

reward responsivity (e.g., Lamontagne et al., 2018; Pizzagalli et al., 2005; Vrieze et al., 2013). For 

example, preclinical research in rodents has found that administering drugs that decrease dopamine 

functioning (modeling anhedonia) resulted in corresponding changes in response bias to rewards on a rat 

version of the PRT (Lamontagne et al., 2018). Further, neuroimaging research in humans has suggested 

that individuals with elevated anhedonia symptoms may have dysfunction in the basal ganglia, 

specifically the nucleus accumbens, caudate, and putamen – areas of the brain associated with reward, 

reinforcement learning, and goal-directed action (Dillon et al., 2009; Keedwell et al., 2005; Pizzagalli et 

al., 2009). Additionally, as noted above, Pizzagalli and colleagues (2005) found that participants who had 

elevated self-reported anhedonic symptoms showed diminished reward learning, and specifically failed to 

develop a response bias to the more frequently rewarded stimulus in the PRT, compared to healthy 

controls. Further, lower reward learning predicted elevated symptoms of anhedonia in particular 

approximately one month later. Finally, as noted above, Vrieze and colleagues (2013) found that MDD 

patients demonstrated improved reward responsivity after eight weeks of treatment, at which time their 

reward responsivity scores were no longer significantly different from the baseline scores of a control 

group. When stratifying their MDD inpatient sample by anhedonia severity, Vrieze and colleagues (2013) 

found that this improvement in scores was attributable to improvement following treatment among the 

high anhedonia group, as the low anhedonia group already did not differ significantly from controls at 

baseline (e.g., pre-treatment). Applied to the present study, this may in turn suggest that the stability of 

reward responsivity over time may be particularly tied to changes in anhedonia symptoms as opposed to 

overall depression symptoms. Further, given research suggesting that anhedonia is a more homogenous 

construct than MDD as a whole, I sought to examine anhedonia separately from overall depression 
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symptoms in order to assess any effects specific to this symptom. However, I ultimately expected that 

anhedonia would have a similar relation to reward responsivity as overall depression symptoms.  In terms 

of the stability of reward responsivity, I hypothesized that, similar to depression, changes in anhedonia 

symptoms between Time 1 and Time 2 would moderate the relation between Time 1 reward responsivity 

and Time 2 reward responsivity, such that in participants whose anhedonia symptoms increased or 

decreased in severity between the time points, Time 1 reward responsivity would not significantly predict 

Time 2 reward responsivity. In contrast, in participants whose anhedonia symptoms did not change 

between Time 1 and Time 2, I hypothesized that Time 1 reward responsivity would significantly predict 

Time 2 reward responsivity. In terms of changes in reward responsivity over time, I hypothesized that in 

individuals whose anhedonia symptoms worsened between Time 1 and 2, there would be a significant 

decrease in reward responsivity at Time 2. In participants whose symptoms remained unchanged, I 

hypothesized that there would be no significant difference in reward responsivity between time points. 

Finally, in participants whose symptoms improved, I expected there to be an increase in reward 

responsivity at Time 2. 

Sex 

Previous research on sex differences in reward responsivity has yielded mixed findings, and the 

extent to which sex influences the stability of reward responsivity has not been examined previously. 

Several studies using the probabilistic reward task used in the present study did not report significant sex 

differences in performance (e.g., Lempert & Pizzagalli, 2010; Pizzagalli et al., 2005). However, 

preclinical research has found sex differences in animal adaptations of behavioural reward tasks. For 

example, Hammerslag and Gully (2013) examined Pavlovian conditioning (e.g., reward-related approach 

behaviour following a cue-reward association) in rats. They found that compared to male rats, female rats 

exhibited reward-oriented behaviour that was more stimulus-directed (e.g., guided by cues or feedback) 

rather than goal-directed (e.g., guided by endogenous information such as motivational state). Although 

this type of behavioural reward task differs from examining response bias and reward learning on the 
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PRT, both represent behavioural reward paradigms and it is possible that the observed sex differences 

may still apply. Specifically, it is possible that women may be more attentive and influenced by specific 

reward-related cues (e.g., the “rich” stimulus), whereas men’s performance may be more influenced by 

factors such as how motivated they are feeling in general that day. In turn, it is possible that the internal 

cues more relevant to men may also be more susceptible to fluctuation over time along with factors such 

as mental health (i.e., motivation changes related to depression). Thus, in terms of stability, I 

hypothesized sex would moderate the relation between Time 1 and Time 2 reward responsivity such that 

in men, Time 1 reward responsivity would not significantly predict Time 2 reward responsivity, whereas 

Time 1 reward responsivity would predict Time 2 reward responsivity in women. Further, in terms of 

change, I hypothesized that reward responsivity would not change significantly between the two time 

points in women, whereas reward responsivity would be more likely to change over time in men. 

Childhood Maltreatment 

Research has found associations between childhood maltreatment and blunted reward 

responsivity. For example, Dillon and colleagues (2009) found that in addition to more depressive and 

anhedonic symptoms, women with a history of childhood maltreatment also rated reward cues as being 

less positive and exhibited a weaker neural response to anticipatory reward cues compared to non-

maltreated participants. Similarly, Pechtel and Pizzagalli (2013) found that women with a history of 

childhood sexual abuse showed significant deficits in incentive-based decision-making compared to non-

maltreated women, supporting the theory that maltreatment is related to developing deficits in reward 

learning. The relation between childhood maltreatment, a static and historical factor, and reduced reward 

learning later in adulthood may suggest that maltreatment results in long-term trait-like changes in reward 

responsivity. However, to my knowledge the stability of reward responsivity in adults with and without a 

history of childhood maltreatment has received no empirical attention to date. In the present study, we 

hypothesized that although there would be a main effect of childhood maltreatment on reward 

responsivity (such that those with a maltreatment history show lower reward responsivity than those 
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without), a history of childhood maltreatment would not further predict the stability or any changes in 

reward responsivity over time. 

Recent Life Stress 

Experiencing stress has been strongly linked to reduced reward responsivity in both pre-clinical 

and clinical research. Research using animal models has found that a variety of stressors (e.g., chronic and 

mild stress, inescapable stress) result in reduced reward responsivity (Matthews & Robbins, 2003; Pohl et 

al., 2007; Willner, 2005). Research in humans has found that both perceived life stress and the occurrence 

of stressful life events is associated with reduced reward responsivity (Casement et al., 2015; Pizzagalli et 

al., 2007). For example, Casement and colleagues (2015) examined the relation between stressful life 

events during adolescence and neural responses to reward in young adulthood. They found that higher 

cumulative stressful life events between ages 15 and 18 was associated with lower response to monetary 

rewards in the medial prefrontal cortex (mPFC) at age 20. Similarly, Pizzagalli and colleagues (2007) 

found that individuals who indicated that they viewed their current lives as stressful, unpredictable, and 

overwhelming showed reward responsivity compared to healthy controls on the PRT.  

Research has also suggested that the stress and reward systems may interact to predict depression 

(Goldstein et al., 2019). For example, Goldstein and colleagues (2019) examined children’s reward 

positivity, an event-related potential elicited by feedback to monetary gain versus loss, in the context of 

life stress and depression. Their findings indicated that stressful life events moderated the relation 

between reward positivity and depression symptoms, such that in individuals with more life stress lower 

reward positivity predicted higher depression symptoms. The authors concluded that these findings may 

indicate that lower reward positivity is a risk factor for depression, and that this may be specifically 

activated by stressful life events. 

Overall, prior research has indicated that experiencing and perceiving stress can influence reward 

responsivity; however, research has not specifically examined the extent to which life stress may 

influence the stability of reward responsivity or be associated with changes in reward responsivity. Based 
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on prior research findings, I expected that experiencing life stress in the three months preceding Time 2 

would reduce behavioural reward responsivity and ultimately disrupt the relation between Time 1 and 

Time 2 reward responsivity. Specifically, I hypothesized that life stress would moderate the relation 

between Time 1 and Time 2 reward responsivity, such in individuals with no recent life stress, Time 1 

reward responsivity would significantly predict Time 2 reward responsivity. In contrast, in those with at 

least one recent stressful life event, Time 1 reward responsivity would not significantly predict Time 2 

reward responsivity. Further, I expected that the presence of a stressful life event in the three months 

preceding Time 2 would be associated with a significant decrease in reward responsivity over time (i.e., 

Time 2 reward responsivity would be significantly lower than Time 1 reward responsivity). 

Relation Between Cortisol Reactivity and Reward Responsivity 

It has been theorized that reward responsivity and stress reactivity may be correlated intermediate 

phenotypes, moreover, that the stress and reward systems may share some underlying neural circuitry. 

Dopamine, in particular, has been implicated in this relation. Dopamine can function as both a hormone 

and a neurotransmitter and is involved in a number of important biological processes, including reward-

related behaviour, emotions, and motor functions (Pinel, 2011). There is an abundance of research 

suggesting that dopamine plays a crucial role in reinforcement learning and in incentive motivation 

(Berridge, 2007; Pizzagalli, 2014; Schultz, 1998); and further, that acute stress quickly and robustly 

activates mesocortical dopamine neurons, which in turn results in a decrease in dopamine levels in the 

medial prefrontal cortex (Abercrombie et al., 1998; Pizzagalli, 2014). Dopamine has also been implicated 

in MDD. For example, MDD is characterized by reduced sensitivity of dopaminergic receptors, and 

reduced dopamine release in ventral striatal regions (Dunlop & Nemeroff, 2007; Gershon et al., 2007). 

Further, blunting in mesolimbic dopamine has been linked to learned helpfulness and behavioural despair 

in animal models (Cabib & Puglisi-Allegra, 2012). It is also noteworthy that research has found that 

antidepressant medication administered prior to stress exposure prevented mesolimbic dopamine 
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depletion (Rosetti et al., 1993) and, when administered after stress exposure, reversed decreases in 

sucrose-related dopamine release in the nucleus accumbens (Minami et al., 2017). 

In pre-clinical models with rodents, exposure to stress (e.g., chronic social stress, neonatal 

maternal separation, resource deprivation, strobe lights, uncomfortable caging conditions) has been found 

to result in reduced dopamine release as well as changes in reward-related behaviour, including reduced 

sensitivity to reward, reduced effort valuation, and increased thresholds for rewarding brain stimulation 

(e.g., Kúkel’ová et al., 2018; Matthews & Robbins, 2003; Minami et al., 2017; Pohl et al., 2007). For 

example, Minami and colleagues (2017) examined the role of mild stress using a variety of stressors (i.e., 

water and food deprivation, strobe lights, tilted cage, wet cage, paired caging) on sucrose intake. Their 

results indicated that chronic mild stress completely suppressed sucrose-related dopamine-release in the 

nucleus accumbens. Importantly, this effect was reversed by chronic pharmacological antidepressant 

treatment. Kúkel’ová and colleagues (2018) examined the impact of chronic social stress on gustatory 

reward (i.e., sucrose and chocolate pellets) salience and reward effort valuation. Mice in the chronic 

social stress condition were repeatedly exposed to an aggressive “intruder” mouse placed in their cage 

(resident-intruder protocol; Azzinnari et al., 2014). Between exposures, the mice were separated by a 

transparent divider that allowed continued visual, auditory, and olfactory contact. Kúkel’ová and 

colleagues (2018) found that mice exposed to chronic social stress were less responsive to gustatory 

rewards and attained fewer pellets during tasks requiring effort than mice not exposed to chronic social 

stress. Ultimately, they concluded that chronic social stress resulted in consistent reductions in reward 

salience and lower effort valuation in tests based on associative reward learning (i.e., conditioning).  

In a study examining outcomes associated with neonatal maternal separation, Matthews and 

Robbins (2003) found evidence suggesting that early stress in rats can influence reward-related behaviour 

later in adulthood. Specifically, their results indicated that repeated maternal separation was associated 

with enduring neural and behavioural changes in responses to rewarding stimuli, including 

pharmacological rewards such as heroin. Pohl and colleagues (2007) examined both severe sporadic stress 
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(i.e., restraint-water immersion, inescapable foot shock) and chronic mild stress (i.e., stroboscopic light, 

soiled bedding, tilted cage, white noise, group housing, overnight illumination, water deprivation) in rats 

during the child-adolescent period and the associated outcomes on reward-related behaviour in adulthood. 

Their results indicated that female rats, in particular, who had been exposed to severe sporadic stress or 

chronic mild stress exhibited in reductions in reward-related behaviour, as evidenced through decreased 

sucrose consumption. Taken together with previous research examining more recent acute stress (e.g., 

Kúkel’ová et al., 2018; Minami et al., 2017), this suggests that both early life stress and more proximal 

stress can result in changes in the reward system at a neurobiological level and a behavioural level. 

In humans, neuroimaging studies have shown that healthy individuals exposed to threat of electric 

shocks or social stress tasks such as the TSST show reduced reward anticipation and learning and reduced 

nucleus accumbens activation during reward tasks compared to non-stressed participants (Bogdan & 

Pizzagalli, 2006; Oei et al., 2014). For example, Bogdan and Pizzagalli (2006) examined if acute stress 

(i.e., threat of shock, performance feedback) was associated with reward responsivity on the PRT in a 

sample of women. Their results indicated that acute stress, particularly the threat-of-shock condition, was 

associated with reduced response bias on the PRT. Moreover, individuals who reported greater anhedonic 

symptoms in their daily life also showed the strongest deficits in reward responsivity when faced with 

acute stress. Interestingly, Lighthall and colleagues (2012) found differential effects based on gender 

when examining reward-related decision-making in the context of acute stress (i.e., cold pressor task). 

Specifically, in healthy men, exposure to stress (e.g., cold pressor) was associated with enhanced neural 

activation during reward-related decision-making and better performance on a reward-related decision-

making task. In healthy women, exposure to stress was associated with slower reward-related decision-

making and reduced overall collection of rewards. Finally, Oei and colleagues (2014) examined if cortisol 

reactivity to the TSST mediated the effect of stress exposure on dopamine responses to reward cues (i.e., 

sexual stimuli) in healthy men. Their results indicated that stress exposure (i.e., participating in the TSST) 

was associated with decreased activation in the nucleus accumbens. Further, although stress generally 
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decreases neural responses to rewarding stimuli, higher stress-induced cortisol was associated with 

increased neural activation to rewarding stimuli, suggesting an important link between biological stress 

reactivity and reward system functioning.  

Taken together, the above findings provide an abundance of evidence suggesting that the stress 

and reward systems are associated and they share at least some underlying neural circuitry (particularly 

those associated with dopamine), that both historical and proximal stress are associated with reduced 

reward responsivity (on a neurobiological level and behavioural level), and that these effects are 

associated with depression and symptoms of anhedonia.  

Despite growing interest in the relation between stress and reward, there has been no research 

examining the stability of, and change in, the relation between cortisol reactivity and reward responsivity 

over time. However, based on the wealth of cross-sectional research suggesting that both stress exposure 

and biological stress reactivity are associated with alterations in reward system functioning, it is expected 

that these systems may also co-vary longitudinally. Specifically, I hypothesized that the slope of the 

relation between cortisol reactivity to the TSST at Time 1 and reward responsivity at Time 1 would be 

significantly correlated with the slope of the relation between cortisol reactivity and reward responsivity 

at Time 2. As noted previously, examining the stability of these intermediate phenotypes, as well as the 

stability of the relation between them, is crucial in understanding the degree of chronicity in stress and 

reward system dysfunction, which in turn will improve our understanding the relevance of stress and 

reward system dysfunction to psychiatric disorders such as MDD.  

Research Goals 

As noted above, in the present study the term “stability” refers to the predictive relation between 

variables over two time points and the term “change” refers to whether or not there is a significant change 

in the mean of a variable across two time points. The goals of my doctoral dissertation were to examine: 

1) the stability  (i.e., prediction of Time 2 from Time 1) of (a) cortisol reactivity to a psychosocial stress 

task and (b) reward responsivity on a probabilistic reward task from a baseline appointment to a six-
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month follow-up appointment; 2) changes (i.e., increases or decreases) in (a) cortisol reactivity to a 

psychosocial stress task and (b) reward responsivity on a probabilistic reward task between two time 

points; 3) the moderating role on stability and change in (a) stress reactivity and (b) reward responsivity 

of (i) changes in depression symptoms, (ii) changes in anhedonia symptoms, (iii) sex, (iv) childhood 

maltreatment, and (v) recent life stress; and 4) the relation between cortisol reactivity and reward 

responsivity and whether these two intermediate phenotypes co-vary across the two time points. As noted 

above, in line with the RDoC framework the present study did not focus on MDD as a diagnostic 

category. Instead, this study focused on variables that have been identified as potentially relevant to 

depression, and examined them within a sample that included never-depressed participants, currently 

depressed participants, and past-depressed participants without dividing participants based on strict 

diagnostic cut-offs. 

Hypotheses 

1.   I hypothesize that generally: 

a.   Time 1 cortisol reactivity will significantly predict Time 2 cortisol reactivity 

(suggestive of stability over time); 

b.   Time 1 reward responsivity will significantly predict Time 2 reward responsivity 

(suggestive of stability over time). 

2.   I hypothesize that generally, there will be: 

a.   A decrease in cortisol reactivity to stress between Time 1 and Time 2; 

b.   No change in reward responsivity between Time 1 and Time 2. 

3.   I also hypothesize that there will be several moderators of:  

a.   Cortisol reactivity over time, such that: 

i.   Changes in depression symptom severity will moderate the stability of 

cortisol reactivity over time, such that in participants whose depression 

symptoms increased or decreased in severity between the time points, Time 1 
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cortisol reactivity will not significantly predict Time 2 cortisol output. In 

participants whose symptoms remained unchanged, Time 1 cortisol reactivity 

will significantly predict Time 2 cortisol reactivity. Further, changes in 

depression symptom severity will moderate the change between Time 1 and 

Time 2 cortisol reactivity, such that in participants whose depression 

symptoms worsened between Time 1 and Time 2, there will be no significant 

decrease (i.e., no habituation) in cortisol reactivity at Time 2. In participants 

whose symptoms remained unchanged or improved, I there will be a 

significant decrease (i.e., typical habituation) in cortisol reactivity at Time 2; 

ii.   Changes in anhedonia symptom severity will moderate the stability of 

cortisol reactivity over time such that in participants whose anhedonia 

symptoms increased or decreased in severity between the time points, Time 1 

cortisol output will not significantly predict Time 2 cortisol output. In 

participants whose symptoms remained unchanged, Time 1 cortisol output 

will significantly predict Time 2 cortisol output. Further, changes in 

anhedonia symptom severity will moderate the change between Time 1 and 

Time 2 cortisol reactivity, such that in participants whose depression 

symptoms worsened between Time 1 and Time 2, there will be no significant 

decrease (i.e., no habituation) in cortisol reactivity at Time 2. In participants 

whose symptoms remained unchanged or improved, there will be a 

significant decrease (i.e., typical habituation) in cortisol reactivity at Time 2; 

iii.   Sex will not moderate the stability in cortisol reactivity over time; however, 

sex will moderate change in cortisol over time, such that women will not 

show show a decrease in cortisol reactivity over time but men will show a 

decrease in cortisol reactivity over time (representing habituation);  
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iv.   Childhood maltreatment will not be a moderator in the stability of cortisol 

reactivity over time; however, childhood maltreatment will moderate change 

in cortisol reactivity. Specifically, those without a history of childhood 

maltreatment will show the expected decrease in cortisol reactivity over time, 

whereas those with a history of childhood maltreatment will show no change 

in their cortisol reactivity between Time 1 and Time 1; 

v.   Recent life stress will moderate the stability of cortisol reactivity over time, 

such that in individuals with stressful life events in the three months prior to 

Time 2, Time 1 cortisol output will not significantly predict Time 2 cortisol 

output. In individuals without a stressful life event in the three months prior 

to Time 2, Time 1 cortisol output will significantly predict Time 2 cortisol 

output. Further, recent life stress will moderate change in cortisol reactivity, 

such that individuals who experienced more stressful life events between 

Time 1 and Time 2 will show a decrease (representing increased habituation 

as the result of more stress exposure) in cortisol reactivity at Time 2. Those 

who had not experienced a recent stressful life event will also be expected to 

show a decrease (e.g., typical habituation); however, cortisol reactivity at 

Time 2 is expected to be lower for those with a recent stressful life even than 

for those without; 

b.   Reward responsivity over time, such that: 

i.   Changes in depression symptom severity will moderate the stability of 

reward responsivity over time, such that in participants whose depression 

symptoms increased or decreased in severity between the time points, Time 1 

reward responsivity will not significantly predict Time 2 reward 

responsivity. In participants whose depression symptoms remained 
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unchanged, Time 1 reward responsivity will significantly predict Time 2 

reward responsivity. Further, changes in depression symptoms will moderate 

the change in reward responsivity, such that in participants whose symptoms 

worsen, reward responsivity will be lower at Time 2. In participants whose 

symptoms remain unchanged, there will be no change in reward responsivity 

between Time 1 and 2. Finally, in participants whose symptoms improve, 

there will be an increase in reward responsivity at Time 2; 

ii.   Changes in anhedonia symptom severity will moderate stability of reward 

responsivity, such that in participants whose anhedonia symptoms increased 

or decreased in severity between the time points, Time 1 reward responsivity 

will not significantly predict Time 2 reward responsivity. In participants 

whose symptoms remained unchanged, Time 1 reward responsivity will 

predict Time 2 reward responsivity.  Further, changes in anhedonia 

symptoms will moderate the change in reward responsivity, such that in 

participants whose symptoms worsen, reward responsivity will be lower at 

Time 2. In participants whose symptoms remain unchanged, there will be no 

change in reward responsivity between Time 1 and 2. Finally, in participants 

whose symptoms improve, there will be an increase in reward responsivity at 

Time 2; 

iii.   Sex will moderate the stability of reward responsivity, such that in women, 

Time 1 reward responsivity will significantly predict Time 2 reward 

responsivity, whereas Time 1 reward responsivity will not predict Time 2 

reward responsivity in men. Further, sex will moderate change in reward 

responsivity over time, such that women will not show change in reward 

responsivity and men will show change between the two time points; 
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iv.   There will be a main effect of childhood maltreatment on reward responsivity 

(where a maltreatment history will predict lower reward responsivity), yet a 

history of childhood maltreatment will not further moderate the stability or 

changes in reward responsivity over time; 

v.    Recent life stress will moderate the stability of reward responsivity over 

time, such that in individuals with at least one stressful life event in the three 

months preceding Time 2, Time 1 reward responsivity will not significantly 

predict Time 2 reward responsivity. In those without a recent stressful life 

event, Time 1 reward responsivity will significantly predict Time 2 reward 

responsivity. Further, recent life stress will moderate change in reward 

responsivity over time, such that individuals who experience more stressful 

life events between Time 1 and Time 2 will show a reduction in reward 

responsivity over time, whereas those who do not experience stress will not 

show a change in reward responsivity over time. 

4.   Finally, I hypothesize that cortisol reactivity and reward responsivity will generally covary 

across the two time points (i.e., that the slopes between cortisol reactivity and reward 

responsivity at Time 1 will be correlated with the slopes between cortisol reactivity and 

reward responsivity at Time 2). 
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Chapter 3 

Methods 

Participants 

Participants were 77 adults aged 18-66 (40 with current depressive disorder, 12 with past 

depressive disorder, and 25 never-depressed) who participated in a study on stress and reward and 

depression that included baseline data (Time 1) and a six-month follow-up (Time 2). Exclusion criteria 

included a lifetime history of schizophrenia and other psychotic disorders, bipolar disorder, substance 

dependence, and medical disorders that could cause depression. Habitual smokers as well as women who 

were pregnant were excluded. In women, oral contraceptive use and menopausal status were documented 

(Rohleder & Kirschbaum, 2006). Medication type, dosage, and treatment duration were also documented 

for examination in secondary analyses. Participants in the non-depressed group had no current or lifetime 

psychiatric diagnoses.  

Recruitment and attrition of participants is presented in Figure 3.01. A total of 206 individuals 

completed Time 1 and a total of 86 participants completed Time 2; however, after excluding participants 

whose cortisol and reward data failed quality control assessments (detailed further below), a total of 77 

participants were included in at least some analyses in the present study. Differences on demographic and 

clinical variables between individuals who attended both time points and individuals who were lost at 

follow-up or failed quality control are presented in Table 3.01. Participants who returned for Time 2 were 

significantly older (M = 33.42, SD = 14.77) than participants who were lost at follow-up (M = 28.83, SD 

= 12.75), t(195) = -2.24, p = .027. There were no other significant differences between these groups. 

 

 

 

 



 

38 

 

Figure 3.01 

Study Participants 

 

Note. Study flowchart detailing participant recruitment, participation, exclusion, and attrition. 

*Upon completing the diagnostic interview, it became clear that the participant had a primary diagnosis 

that fell within the exclusionary criteria of the study (i.e., psychotic symptoms, bipolar disorder, 

significant substance dependence, etc.) 
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Table 3.01 

Group Differences on Demographic and Clinical Characteristics Between Participants Who Did and Did 

Not Return for Time 2 (After Quality Control Exclusions) 

 Time 1 Only 

(n = 120) 

Time 1 and 2  

(n = 77) 

χ2 or F 

 

Sex: Female n (%) 

 

90 (75) 

 

48 (62) 

 

4.02 

Age M (SD) 28.83 (12.76) 33.42 (14.77) -2.24* 

Ethnicity 

     White n (%) 

     Asian n (%) 

     Other n (%) 

 

89 (74) 

17 (14) 

10 (8) 

 

53 (69) 

13(17) 

7 (9) 

0.76 

Marital status 

     Never married n (%) 

     Married/domestic partner n (%) 

     Separated/divorced n (%) 

 

88 (73) 

17 (14) 

15 (13) 

 

50 (65) 

17 (22) 

10 (13) 

2.62 

Income status 

     Student n (%) 

     Low income n (%) 

     High income n (%) 

 

50 (42) 

23 (19) 

42 (35) 

 

33 (43) 

13 (17) 

30 (40) 

1.60 

Childhood maltreatment: Yes n (%) 46 (38) 30 (40) 0.68 

Lifetime depression: Yes n (%) 80 (67) 52 (68) 0.51 

Note. M = mean; SD = standard deviation; * p < .05; ** p < .01; *** p < .001. 

 
Measures 

Demographic variables (including sex, age, ethnicity, marital status, household income, height, 

and weight) were collected for each participant at the outset of the study. Additionally, psychotropic and 

steroidal medication history were also documented (Beck et al., 1996). Finally, information on non-

pharmacological treatment history (i.e., psychotherapy, counselling) was documented. 
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Depression 

Depression Diagnosis 

At baseline (Time 1), the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-IV; 

First et al., 2002) was used to determine diagnoses of depressive disorders and comorbid conditions. 

Diagnostic interviews were conducted by senior graduate students in clinical psychology, neuroscience, 

or psychiatry who were trained to gold-standard reliability status by the principal investigator (Dr. K. 

Harkness; see Grove et al., 1981). To achieve gold-standard reliability status, trainees had to match the 

diagnoses of a gold-standard interviewer on at least three consecutive SCID interviews they observed. 

They then conducted interviews with a gold-standard rater sitting in and had to match gold-standard 

ratings on three additional consecutive interviews. 

LIFE. The Longitudinal Interval Follow-Up Evaluation (LIFE; Shapiro & Keller, 1979) was 

administered at the six-month follow-up to assess changes in psychiatric symptoms since Time 1 and 

establish diagnostic status at Time 2. In addition to items assessing changes in treatment, suicide attempts, 

hospitalization, and general functioning, the LIFE requires a weekly rating for symptoms of depression, 

hypomania, psychosis, panic, and substance use during the six-month interval between appointments. The 

following Psychiatric Rating Scales (PSR) were provided for MDD each week: 1-no depressive 

symptoms; 2-residual depressive symptoms; 3-indicates partial remission; 4-marked symptoms of major 

depression; 5-fulfillment of all diagnostic criteria for major depression; 6-severe major depression.  

Depression Symptoms 

MADRS. The 10-item clinician-rated Montgomery-Asberg Depression Rating Scale (MADRS; 

Montgomery & Asberg, 1979) was used to assess current symptoms of depression at both Time 1 and 

Time 2. This scale has been widely used for clinician assessments of depression severity and has good 

reliability and validity (Montgomery & Asberg, 1979). Each of the 10 items on the MADRS were rated 

from 0-6 with item-specific anchor points. Total scores are calculated by summing the item scores, 

resulting in a possible range of 0-50. Higher scores indicate higher depression symptom severity. In order 
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to calculate a variable for changes in depression symptoms, Time 1 MADRS scores were subtracted from 

Time 2 MADRS scores. Therefore, greater positive change scores indicate that symptoms worsened 

between Time 1 and Time 2, and greater negative change scores indicate that symptoms improved 

between Time 1 and Time 2. Scores with an absolute value close to zero indicate little change in 

symptoms between Time 1 and Time 2. The MADRS had good reliability within the sample included in 

the present study (Time 1 Cronbach’s α = .93; Time 2 Cronbach’s α = .92). 

Anhedonia 

MASQ AD. The ‘Anhedonic Depression’ subscale of the self-report Mood and Anxiety 

Symptom Questionnaire (MASQ; Watson & Clark, 1991) was used to assess anhedonia symptoms in the 

present study. The MASQ and AD subscale have strong reliability and validity, and the AD subscale has 

specific relevance to identifying anhedonia as a trait vulnerability in MDD (Watson & Clark, 1991). The 

full MASQ consists of 90 items rated on a 5-point Likert scale: 1-not at all; 2-a little bit; 3-moderately; 4-

quite a bit; 5-extremely. The AD subscale includes 22 items that specifically query about anhedonia (e.g., 

“felt like nothing was enjoyable”). In order to calculate a variable for changes in anhedonia symptoms, 

Time 1 MASQ AD scores were subtracted from Time 2 MASQ AD scores. Therefore, greater positive 

change scores indicate that symptoms worsened between Time 1 and Time 2, and greater negative change 

scores indicate that symptoms improved between Time 1 and Time 2. Scores with an absolute value close 

to zero indicate little change in symptoms between Time 1 and Time 2. The MASQ had good reliability 

within the sample included in the present study (Time 1 Cronbach’s α = .94; Time 2 Cronbach’s α = .95). 

Childhood Maltreatment 

The Childhood Experience of Care and Abuse scale (CECA; Bifulco et al., 1994) is a semi-

structured interview assessing the quality of parental care and abuse up to age 18. Interviews were 

conducted by graduate students in clinical psychology who participated in training provided by Dr. 

Harkness. Audio recordings of the interviews were written up and rated by independent undergraduate 

research assistant judges who had also participated in training with Dr. Harkness. All ratings were 
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approved by Dr. Harkness to ensure quality and consistency of coding. Raters used the CECA rating 

manual, which contains hundreds of case examples, to anchor their ratings. Scales are rated from 1-

marked to 4-little/none on the different forms of abuse: (a) antipathy – hostility, criticism, and/or coldness 

toward the child, (b) neglect – failing to provide for child’s physical and/or emotional needs, (c) physical 

abuse – violence directed toward the child by parents; (d) sexual abuse –non-consensual sexual contact by 

any perpetrator. Continuous scores on these variables were very highly skewed (the modal rating is ‘4 – 

little/none’). Therefore, for statistical analyses in the current study, a dummy coded “childhood 

maltreatment” variable was created to indicate 1-any severe abuse (a rating of 1-marked or 2-moderate on 

any of the four abuse types) or 0-no severe abuse (a rating of 3-some or 4-little/none on all four abuse 

types). 

Life Stress 

The Life Events and Difficulties Schedule (LEDS-II; Bifulco et al., 1989) was administered at T2 

to assess participants’ exposure to life events over the T1-T2 period. The LEDS-II is a semi-structured 

contextual interview and rating system used to assess major life events in several domains, including 

health, occupation/education, relationships, housing, and financial. Interviewers participated in training 

provided by Dr. Harkness and were specifically trained to gather detailed contextual information for each 

event and do not query about individuals’ subjective perception of events. Interviews were audio-recorded 

and events endorsed were subsequently written into vignettes by trained writers. Each event was then 

rated by a team of independent judges using a standardized manual on a 5-point severity scale (1-marked, 

2a-high moderate, 2b-low moderate, 3-some, and 4-little/none). In the event of a disagreement about the 

rating of an event, judges referred to the manual and came to a consensus. Cohen's κ was calculated to 

determine if there was agreement between judges' severity ratings. Overall, there was moderate agreement 

between the two judges’ ratings of the severity of stressful life events, κ = .69, p < .001. 

For the purposes of analyses, recent life stress was evaluated by examining the number of events 

a participant experienced in the three months prior to their Time 2 appointment that were rated at least 3-
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some. Due to a highly skewed distribution, and low base rates of events, these scores were then 

dichotomized into a dummy coded “stressful life event” variable denoting 0- no stressful life events in the 

three months preceding Time 2 and 1- at least one stressful life even in the three months preceding Time 

2. 

Salivary Hormone and Stress Challenge Test 

Trier Social Stress Task (TSST) 

The timeline for the Trier Social Stress Task (TSST) is presented in Figure 3.02. At Time 1 and 

Time 2, the TSST began with an initial sample that was taken within five minutes of the participant 

arriving at the lab (Sample A). This sample was followed by a 30 min rest period, at which point a second 

sample was taken (Sample B). After this second sample, the participant was led to a room where a 

committee of two people was sitting behind a table. The participant learned that he or she would have to 

deliver a speech for a job application to the committee (Time 1) or deliver a speech refuting a shoplifting 

accusation (Time 2), which would be videotaped as per TSST protocol. The participant was led back to 

the first room and given 10 minutes to prepare, after which a third sample was collected (Sample C). 

Figure 3.02 

Trier Social Stress Task (TSST) Timeline 

 
Note. In the present study, the arrival time for all participants was 2:00 PM. 
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The participant gave the five-minute speech; after which he or she was asked to serially subtract 

the number 13 from 3987 as quickly as possible without making any mistakes. If a mistake was made the 

participant was told by the committee that he or she must start over. The committee also prompted the 

participant to maintain eye contact and calculate more quickly. The total combined duration of the speech 

and arithmetic task was 10 minutes. Following the arithmetic test, the participant was led back into the 

preparation room to provide a fourth sample (Sample D). The participant was then debriefed and relaxed 

quietly (with neutral reading material available) for 60 minutes to allow for hormone recovery (Samples 

E-H).  

Saliva Collection 

Samples were collected by passive drool (Shirtcliff et al., 2001) between 2:00-4:30 PM to avoid 

post-awakening increases in hormones (Groschl et al., 2003) in 5 ml polypropylene vials (PGC Scientifics 

Corporation, MD). We asked that participants avoid teeth brushing, vigorous exercise, smoking, caffeine, 

and eating or drinking other than water for 2 hours before the study (Kivlighan et al., 2004). Samples 

were immediately placed in a -20˚C freezer for short-term storage and then mailed on dry ice to Dr. K. 

Wynne-Edwards’ laboratory at the University of Calgary for secure frozen storage and assay.  

Sample Preparation and Cortisol Quantitation 

Saliva samples were thawed in a 20 ˚C water bath, centrifuged for 20 minutes at 2,000 xG, and 1 

mL was transferred to a Hamilton Microlab Starlet workstation where 75 µL of supernatant of each 

sample/calibrator/quality control (QC) had proteins precipitated (75 µL ZnSO4 7H2O Methanol/H2O 

solution; 90/10 v/v). The precipitating solution was spiked with deuterated bioidentical internal standards. 

The cortisol-d4 (CDN Isotopes Inc., Pointe-Claire QC) internal standard was used for cortisol 

quantitation. Additional details for this protein precipitation, reconstitution, ESI-positive LC-MS method, 

and area-ratio quantitation are provided in Wynne-Edwards and colleagues’ (2019) paper. The method is 

linear over a 10 calibrator range from 0.1 ng/ml through 100 ng/ml cortisol (all r2 > 0.995 for the linear 

(with 1/x weighting to improve precision at low concentrations) fit of untransformed data). An in-house 
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cortisol quality control at 0.5 ng/ml was included in each of 11 runs (samples for an individual were 

sequential within the same run) and yielded a mean concentration of 0.506 ± 0.052 ng/ml (accuracy 

101.3%) with an inter-run CV of 7.32%. In human serum, this method is correlated to our APCI-positive 

method (cortisol r = 0.9633; Wynne-Edwards et al., 2019), that is also in use for cortisol quantitation in 

human saliva (e.g. Drogos et al., 2019). No salivary cortisol concentrations fell below the limit of 

quantitation (LOQ) established for this method based on the threshold of <20% CV. 

Parameters for Analyses and Quality Control 

The current study assessed cortisol reactivity to stress using Area Under the Curve with respect to 

increase (AUCi). AUCi represents the total cortisol secreted during the TSST relative to Sample C and is 

calculated as the sum of the area of the five trapezoids bounded by the participants’ “baseline” and 

framed by the cortisol concentration in the six saliva samples (Samples C to H). In the present study, 

modelling of all eight cortisol samples indicated that, on average, Sample C was the lowest and reflected 

participant cortisol levels after the completion of the rest period. Therefore, Sample C was used for the 

“baseline” sample when calculating AUCi values. Overall, higher AUCi values are indicative of greater 

cortisol output relative to Sample C. Because AUCi takes individuals’ baseline into account it is the best 

marker of overall reactivity to the stressor (Pruessner et al., 2003). Further quality control measures 

included the exclusion of statistical outliers (M +/- 3 SDs). 

Probabilistic Reward Task (PRT; Pizzagalli et al., 2005) 

At Time 1 and Time 2 participants completed the PRT. In the PRT, participants were presented 

with cartoon face stimuli on a computer screen (see Figure 2.02), and they indicated by key press whether 

the mouth on the face was short (11.5mm) or long (13mm). Stimuli were presented for 100ms in three 

blocks of 100 trials. To elicit a response bias, correct identification of the long mouth (“rich stimulus”) 

was rewarded (“Correct! You won 20 Cents”) three times more frequently than correct identification of 

the short mouth (“lean stimulus”). In each block, only 40 correct trials (30 rich, 10 lean) were rewarded to 

ensure that participants were exposed to similar reinforcement schedules across blocks. Therefore, 
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participants had to integrate reinforcement history over time to optimize their responses. Participants were 

informed that their goal was to win as much money as possible. They were told that not all correct 

responses would receive reward feedback, but they were not told that one stimulus would be 

disproportionately rewarded.  

Two parameters were calculated for analysis. The first was Response Bias (Log b = ½ log 

(Richcorrect*Leanincorrect/Richincorrect*Leancorrect)). High response bias indicated high rates of 

correct identification (hits) for the rich stimulus, and high miss rates for the lean stimulus. The Response 

Bias Total score, based on Response Bias for all three blocks of the task, was used for analyses, and 

indicates the participants’ general response pattern towards the rewarding stimuli. The second parameter 

was Reward Learning (RB for Block 3 minus RB for Block 1), which assessed participants’ rate of 

learning over the task. A quality control variable based on outliers and abnormal response patterns was 

generated automatically by the pipeline used to process the data. Participants’ whose data did not pass 

quality control were excluded from all subsequent analyses using PRT data. The quality control variable 

was automatically generated by the pipeline and was based on statistical outliers and response patterns 

that may indicate random responding (e.g., extremely high “miss” rates for the rich stimulus). 

Procedure 

 The study took place at Providence Care Hospital. At Time 1, participants engaged in two 2-hour 

sessions separated by one week. Session one consisted of (a) consent, (b) the SCID, (c) questionnaires; 

and (d) the CECA interview. Session two consisted of (a) the TSST; and (b) the PRT. At Time 2, 6 

months later, participants again engaged in two 2-hour sessions separated by one week. Session one 

consisted of (a) the LIFE interview; (b) questionnaires; and (c) the LEDS interview. Session two 

consisted of (a) the TSST; and (b) the PRT. Myself and other clinical psychology doctoral students and 

medical students supervised by Dr. Harkness conducted the interviews at both time points. Participants 

who completed both time points received $112.10 compensation for the procedures specific to my study.  
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Statistical Analyses 

 Hypotheses 1-3 were analyzed with SPSS v. 25 (IBM, 2017) and Hypothesis 4 was analyzed 

using MPLUS v. 8.4 (Muthén & Muthén, 2019). Prior to addressing the hypotheses, we assessed 

demographic differences between the depressed and non-depressed groups, as well as assessed possible 

covariates through examining the relation of demographic variables clinical variables to main study 

variables.  

Hypothesis 1, assessing the extent to which Time 1 cortisol and reward predicted Time 2 cortisol 

and reward, was tested using a series of linear regression models. Hypothesis 2, assessing change in 

cortisol and reward between Time 1 and 2, was tested using a series of dependent t-tests.  In Hypothesis 3, 

the stability of cortisol reactivity and reward responsivity was tested using a series of hierarchical 

moderated linear regression models. Step 1 of each model included a main variable for Time 1 (i.e., either 

AUCi, response bias, or reward learning). Step 2 included the relevant moderator (i.e., change in 

depression symptoms, change in anhedonia symptoms, sex, childhood maltreatment, or recent life stress). 

Finally, Step 3 included the interaction term between the Time 1 main variable and the moderator. 

Significant interaction terms for continuous variables (changes in depression symptoms, changes in 

anhedonia symptoms) were followed up using the Johnson-Neyman technique for evaluating regions of 

significance (Johnson & Neyman, 1936). Significant interaction terms for categorical moderators (i.e., 

sex, childhood maltreatment, recent life stress) were followed up with simple slopes. Moderating 

variables in the change in cortisol reactivity and reward responsivity were assessed using a series of 

mixed model repeated measures analyses of variance (ANOVAs). Because of the strong link between 

depression and (a) childhood maltreatment and (b) life stress, a lifetime history of depression (0-never 

depressed versus 1-current or past depression) was included as a covariate in all moderation analyses 

examining childhood maltreatment or recent life stress. 

Finally, Hypothesis 4 was tested in MPLUS using a correlated slopes multilevel model to 

examine the extent to which cortisol and reward variables covary within participants across the two time 
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points. Descriptive follow-up analyses were also conducted by calculating change scores (i.e., Time 1 

subtracted from Time 2) for (a) cortisol reactivity, (b) response bias, and (c) reward learning and then 

examining the Pearson correlations among these change scores. 
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Chapter 4 

Results 

Preliminary Depression Group Differences on Demographic and Clinical Characteristics 

Because the sample in the present study was recruited to include a never-depressed group and a 

group of individuals with a diagnosis of a depressive disorder, demographic and clinical characteristics 

were stratified by depression status in order to assess potential group differences. Means and standard 

deviations for group differences at Time 1 on sex, age, body mass index (BMI), ethnicity, childhood 

maltreatment history, MADRS scores, MASQ AD scores, and proportion of the sample that was currently 

depressed at Time 2 are listed in Table 4.01. When completing demographic information, participants 

were provided with over 10 options regarding their ethnicity, as well as the ability to record an option not 

listed. However, given that the majority of the sample was Caucasian and there were small cell sizes for 

groups aside from Caucasian and Asian, in Table 4.01 ethnicity is stratified as “Caucasian”, “Asian”, or 

“Other.” There were no significant differences between currently depressed, past depressed, and non-

depressed individuals on main demographic variables, including sex, age, and ethnicity. However, the 

proportion of the currently depressed group whose annual household income was equal to or less than 

$25,000 was significantly higher than that of the past depressed and never depressed groups and the 

currently depressed group had a significantly higher average BMI than the past or never depressed 

groups. As expected, the current and past depressed group experienced higher rates of childhood 

maltreatment than the never depressed group at a trend. Additionally, the currently depressed group had 

significantly higher depression (MADRS) and anhedonia (MASQ AD) symptoms than both the past 

depressed and never depressed groups, and the past depressed group had significantly higher depression 

and anhedonia scores than the never depressed group.  Additional clinical characteristics of the current 

and past depressed groups are listed in Table 4.02. Notably, the currently depressed group had a higher 

number of prior depressive episodes than the past depressed group. 
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Table 4.01 

Preliminary Depression Group Differences on Demographic and Clinical Characteristics at Time 1 

 Depressed  

(n = 40) 

Past Depressed 

(n = 12) 

Non-Depressed  

(n = 25) 

χ2 or F 

Sex: Female1 n (%) 29 (73) 6 (50) 13 (52) 3.68 

Age M (SD) 34.43 (15.27) 36.42 (15.20) 30.36 (13.77) 0.87 

Ethnicity 

     Caucasian n (%) 

     Asian n (%) 

     Other n (%) 

 

30 (75) 

5 (13) 

3 (8) 

 

8 (67) 

1 (8) 

2 (17) 

 

15 (60) 

7 (28) 

2 (8) 

4.22 

Marital status 

     Never married n (%) 

     Married/domestic partner n (%) 

     Separated/divorced n (%) 

 

27 (68) 

9 (23) 

4 (10) 

 

5 (42) 

3 (25) 

4 (33) 

 

18 (72) 

5 (20) 

2 (8) 

5.91 

Income status 

     Student n (%) 

     Household income < $25,000 n (%) 

     Household income > $25,000 n (%) 

 

16 (40) 

11 (28) 

13 (32) 

 

3 (25) 

1 (8) 

8 (67) 

 

14 (58) 

1 (4) 

9 (38) 

10.46* 

Body Mass Index M (SD) 30.60 (9.57)a 24.34 (4.79)b 23.68 (3.98)b 5.92** 

Oral contraceptive use (women only): 

Yes n (%) 

10 (35) 2 (33) 7 (54) 1.52 

Childhood maltreatment: Yes n (%) 28 (70)a 8 (67)a 12 (48)b 5.04+ 

MADRS M (SD) 
     Range = 0 – 44  

27.53 (7.12)a 7.58 (8.10)b 1.28 (1.81)c 154.34*** 

MASQ AD M (SD) 
     Range = 34 – 101 

88.13 (8.53)a 63.54 (17.14)b 52.92 (9.29)c 92.54*** 

Currently depressed at Time 2: Yes n 

(%) 

29 (73) 5 (42) 2 (8)  

Note. M = mean; SD = standard deviation; MADRS = Montgomery-Asberg Depression Rating Scale; 

MASQ AD = Mood and Anxiety Symptom Questionnaire – Anhedonia; * p < .05; ** p < .01; *** p < .001. 

 
                                                        
1 All participants in the present study reported that they identified as either male or female. 
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Table 4.02 

Additional Clinical Characteristics of the Depressed Groups at Time 1 

 Depressed  

(n = 44) 

Past Depressed 

(n = 13) 

χ2 or t 

 

Age at first onset M (SD) 

 

20.68 (12.13) 

 

25.17 (15.03) 

 

-1.06 

Total episodes M (SD) 3.43 (2.74) 1.67 (0.65) 3.73** 

Psychiatric treatment  

     Psychotropic medication only: Yes n (%) 

     Therapy/counselling only: Yes n (%) 

     Medication and therapy: Yes n (%) 

 

16 (40) 

3 (8) 

9 (23) 

 

3 (25) 

2 (17) 

2 (17) 

2.43 

Any Comorbidity: Yes n (%) 25 (63) 4 (33) 3.18 

Frequencies of comorbid disorders2:    

     Anxiety NOS: Yes n (%) 

     Generalized Anxiety Disorder: Yes n (%) 

     Eating Disorder: Yes n (%) 

     Obsessive Compulsive Disorder: Yes n (%) 

     Panic Disorder: Yes n (%) 

     Post-Traumatic Stress Disorder: Yes n (%) 

     Social Anxiety Disorder: Yes n (%) 

     Specific Phobia: Yes n (%) 

  

2 (5) 

11 (28) 

1 (3) 

0 (0) 

5 (13) 

5 (13) 

13 (33) 

1 (3) 

0 (0) 

2 (17) 

1 (8) 

1 (8) 

0 (0) 

0 (0) 

1 (8) 

1 (8) 

 

 

Note. M = mean; SD = standard deviation; NOS = not otherwise specified; * p < .05; ** p < .01; *** p < 

.001. 

 

Relation of Demographic Characteristics to Primary Study Variables at Time 1 

 Consistent with the prior research findings, Time 1 AUCi was significantly higher in men (M = 

43.09, SD = 21.43) than women (M = 30.95, SD = 15.41), t(51) = -2.24, p = .032. Sex was therefore 

included as a covariate in all subsequent analyses involving AUCi. It is noteworthy that the same pattern 

                                                        
2 Some participants had more than one comorbid disorder. 
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of results were obtained with and without sex as a covariate; thus, the statistics presented in Tables 4.03-

4.04 and 4.06-4.07 are the original models without covariates. Sex was not significantly associated with 

Time 1 response bias or Time 1 reward learning (ps > .161.) None of the primary study variables were 

significantly associated with age (all ps > .430), ethnicity (all ps > .109), BMI (all ps > .130) or hormonal 

medication (all ps > .290). 

Hypothesis 1: Stability of Cortisol Reactivity and Reward Responsivity 

 Consistent with hypotheses, in the sample overall, Time 1 AUCi significantly positively predicted 

Time 2 AUCi, β = .52, 95% CIs [0.25, 0.70], SE = .11, t = 4.22, p < .001. Similarly, Time 1 response bias 

significantly positively predicted Time 2 response bias, β = .60, 95% CIs [0.52, 1.08], SE = .14, t = 5.72, 

p < .001. However, contrary to hypotheses, Time 1 reward learning did not significantly predict Time 2 

reward learning, β = .18, 95% CIs [-0.07, 0.39], SE = .12, t = 1.40, p = .17. 

Hypothesis 2: Changes in Cortisol Reactivity and Reward Responsivity 

 Consistent with hypotheses, in the sample overall, Time 2 AUCi (M = 26.96, SD = 17.65) was 

significantly lower than Time 1 AUCi (M = 35.76, SD = 18.82), t(52) = 3.54, p = .001. Contrary to 

hypotheses, Time 2 response bias (M = 0.23, SD = 0.21) was significantly higher than Time 1 response 

bias (M = 0.17, SD = 0.16), t(58) = -1.97, p = .007. However, Time 2 reward learning (M = 0.05, SD = 

0.22) was not significantly different from Time 1 reward learning (M = 0.11, SD = 0.25), t(58) = 1.33, p = 

.188. 

Hypothesis 3: Moderators in the Prediction and Change of Time 2 Cortisol and Reward 

Moderators in the Relation Between Time 1 and Time 2 AUCi 

Depression Severity Change 

A hierarchical multiple regression analysis was conducted to evaluate how a change in depression 

severity between Time 1 and Time 2 moderated the predictive relation (i.e., stability) of AUCi between 

Time 1 and Time 2. As shown in Table 4.03, Model 1 was significant and Time 1 AUCi accounted for 

26% of the variance in Time 2 AUCi. However, Models 2 and 3, including the change in depression and 
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the interaction of T1 AUCi and change in depression, did not result in significant improvement in 

prediction.  

Table 4.03 

Change in Depression Severity as a Predictor of Time 2 Cortisol Reactivity 

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      17.84  .26*** 

     T1 AUCi 0.48 0.25, 0.70 0.11 0.51*** 4.22    

Model 2      2.29 .03 .29*** 

     T1 AUCi 0.47 0.25, 0.69 0.11 0.50*** 4.21    

     ΔMADRS 0.34 -0.11, 0.78 0.22 0.18 -1.51    

Model 3      2.40 .03 .33*** 

     T1 AUCi 0.46 0.22, 0.67 0.11 0.49*** 4.13    

     ΔMADRS 0.42 -0.03, 0.88 0.23 0.23 -1.87    

     TI AUCi *  

     ΔMADRS 

0.02 -0.01, 0.04 0.01 0.19 -1.55    

Note. T1 = Time 1; MADRS = Montgomery Asberg Depression Rating Scale; * p < .050, ** p < .01, *** 

p < .005 

 
A repeated measures ANOVA using a customized model was conducted to determine if change in 

depression severity significantly moderated the change between Time 1 AUCi and Time 2 AUCi. There 

was a significant decrease in AUCi between Time 1 and Time 2, F(1, 51) = 10.72, p = .002, ηp
2 = .17. 

However, the interaction between time and change in depression symptoms was not significant, F(1, 51) 

= 1.20, p = .278, ηp
2 = .02. 

Anhedonia Severity Change 

A hierarchical multiple regression analysis was conducted to evaluate how a change in the 

severity of anhedonia symptoms between Time 1 and Time 2 moderated the predictive relation (i.e., 

stability) of AUCi between Time 1 and Time 2. As shown in Table 4.04, Model 1 was significant and 

Time 1 AUCi accounted for 25% of the variance in Time 2 AUCi. Model 2 including the change in 

anhedonia did not result in a significant increase in prediction over Model 1. However, the increase in 
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variance accounted for by Model 3, examining the moderating effect of change in anhedonia symptoms 

the stability of AUCi over time, approached significance.  

Table 4.04 

Change in Anhedonia Severity as a Predictor of Time 2 Cortisol Reactivity 

 B CI95B SE β t ΔF ΔR2 R2 

Model 1      16.49  .25*** 

     T1 AUCi 0.47 0.24, 0.71 0.11 0.50*** 4.06    

Model 2      0.40 .01 .26*** 

     T1 AUCi 0.47 0.23, 0.70 0.12 0.49*** 3.95    

     ΔMASQ AD 0.09 -0.20, 0.37 0.14 0.08 0.63    

Model 3      2.97 .04+ .30*** 

     T1 AUCi 0.49 0.25, 0.72 0.12 0.51*** 4.19    

     ΔMASQ AD  0.17 -0.12, 0.45 0.15 0.15* 1.17    

     TI AUCi *  

     ΔMASQ AD  

0.01 -0.002, 0.03 0.01 0.22+ 1.72    

Note. T1 = Time 1; MASQ AD = Mood and Anxiety Symptom Questionnaire, Anhedonia Depression 

subscale; + p < .09; * p < .050, ** p < .01, *** p < .005 

 
Specifically, the interaction between change in anhedonia severity and Time 1 AUCi accounted 

for an additional 4% of the variance in Time 2 AUCi over and above the main effects of Time 1 AUCi 

and change in anhedonia severity (see Figure 4.01). The Johnson-Neyman technique was used to follow-

up the two-way interaction between Time 1 AUCi and change in anhedonia severity in predicting Time 2 

AUCi (see Figure 4.01). Slopes between Time 1 and Time 2 AUCi were statistically significant and 

positive for MASQ AD change scores that suggested little change or an increase in anhedonia between 

Time 1 and Time 2 (change scores > -8.75). Slopes between Time 1 and Time 2 AUCi were not 

significant for change scores that suggested a decrease in anhedonia between Time 1 and Time 2 (change 

scores < -12.50). More generally, in participants with little change or an increase in anhedonia (84.31% of 

the sample), lower AUCi at Time 1 was predictive of lower AUCi at Time 2. In contrast, in participants 
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with a decrease in anhedonia (15.68% of the sample), AUCi at Time 1 was not predictive of AUCi at 

Time 2. 

Figure 4.01 

Stability of Cortisol Reactivity Moderated by Changes in Anhedonia Symptoms 

 

Note. Conditional effects of Time 1 AUCi on Time 2 AUCi for anhedonia scores that indicated an 

increase in symptoms (ΔMASQ AD = 13.68), little change in symptoms (ΔMASQ AD = -1.00), and a 

decrease in symptoms (ΔMASQ AD = -16.36) between Time 1 and Time 2. Slopes were statistically 

significant and positive for participants who demonstrated an increase in anhedonia or little change in 

anhedonia. Slopes were not statistically significant in participants who demonstrated a decrease in 

anhedonia. 

 

A repeated measures ANOVA using a customized model was conducted to determine if change in 

anhedonia severity significantly moderated the change between Time 1 AUCi and Time 2 AUCi. As 

above, there was a significant decrease in AUCi between Time 1 and Time 2, F(1, 51) = 11.57, p = .001, 

ηp
2 = .19. However, the interaction between time and change in anhedonia symptoms was not significant, 

F(1, 51) = 0.02, p = .882, ηp
2 < .001. 
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Sex 

A hierarchical moderated multiple regression analysis was conducted to evaluate if sex moderated 

the predictive relation (i.e., stability) of AUCi between Time 1 and Time 2. As shown in Table 4.05, 

Model 1 was significant and, recapitulating the results above, Time 1 AUCi accounted for 26% of the 

variance in Time 2 AUCi. Models 2 and 3 did not account for a significant increase in variance from 

Model 1. Further, neither sex, nor the interaction between sex and Time 1 AUCi were associated with 

significant parameter estimates in the prediction of Time 2 AUCi.  

Table 4.05 

Sex as a Predictor of Time 2 Cortisol Reactivity 

 B CI95B SE β t ΔF  ΔR2 R2 

Model 1      17.84  .26*** 

     T1 AUCi 0.48 0.25, 0.70 0.11 0.51*** 4.23   . 

Model 2      1.70 .02 .28 

     T1 AUCi 0.43 0.19, 0.67 0.12 0.46*** 3.32    

     Sex 5.88 -3.19, 14.95 4.51 0.17 1.30    

Model 3      0.65 .01 .29 

     T1 AUCi 0.13 -0.66, 0.91 0.39 0.14 0.33    

     Sex 6.25 -2.90, 15.40 4.55 0.18 1.34    

     TI AUCi *    

     Sex 

0.19 -0.29, 0.67 0.24 0.33 0.81    

Note. T1 = Time 1; * p < .050, ** p < .01, *** p < .005 

 
 A repeated measures ANOVA was conducted to determine if sex significantly moderated the 

change between Time 1 AUCi and Time 2 AUCi. As above, there was a significant decrease in AUCi 

between Time 1 and Time 2, F(1, 51) = 12.04, p = .001, ηp
2 = .19. However, the interaction between time 

and sex was not significant, F(1, 51) = 0.04, p = .837, ηp
2 = .001. 

Childhood Maltreatment 

A hierarchical multiple regression analysis was conducted to evaluate if childhood maltreatment 

moderated the predictive relation (i.e., stability) of AUCi between Time 1 and Time 2. Because of the 
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strong link between childhood maltreatment and depression (both in the literature and in the data for the 

present study), a lifetime history of depression (0-never depressed versus 1-current or past depression) 

was included as a covariate. As shown in Table 4.06, Model 1 was significant and Time 1 AUCi 

accounted for 38% of the variance in Time 2 AUCi. However, Models 2 and 3 did not account for a 

significant change in the variance of Time 2 AUCi compared to Model 1. Note that the pattern of findings 

remained the same when lifetime depression was not included as a covariate. 

Table 4.06 

Childhood Maltreatment as a Predictor of Time 2 Cortisol Reactivity  

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      15.08  .38*** 

     T1 AUCi 

     LHD 

0.43 

-12.06 

0.20, 0.65 

-20.46, -3.67 

0.11 

4.18 

0.44*** 

-0.34** 

3.79 

-2.89 

  . 

Model 2      0.74 .01 .39*** 

     T1 AUCi 

     LHD 

0.43 

-12.71 

0.20, 0.66 

-21.27, -4.15 

0.11 

4.26 

0.44*** 

-0.35** 

3.79 

-2.99 

   

     SCM 3.65 -4.91, 12.21 4.26 0.10 0.86    

Model 3      1.33 .02 .41*** 

     T1 AUCi 

     LHD 

0.34 

-12.70 

0.06, 0.61 

-21.23, -4.17 

0.14 

4.24 

0.35* 

-0.35** 

2.45 

-2.99 

   

     SCM 4.68 -4.04, 13.40 4.34 0.13 1.08    

     TI AUCi *  

     SCM 

0.26 -0.20, 0.73 0.23 0.16 1.15    

Note. T1 = Time 1; LHD = Lifetime History of Depression; SCM = Severe Childhood Maltreatment; * p 

< .050, ** p < .01, *** p < .005 

 

 A repeated measures ANOVA was conducted to determine if a history of childhood moderated 

the change between Time 1 AUCi and Time 2 AUCi with lifetime depression included as a covariate. The 

main effect of time was not significant, nor was the interaction between time and childhood maltreatment 

(all ps > .149). Note that the pattern of findings did not change when lifetime depression was not included 

as a covariate. 
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Stressful Life Events 

A hierarchical multiple regression analysis was conducted to evaluate if life stress in the three 

months preceding the Time 2 appointment moderated the predictive relation (i.e., stability) of AUCi 

between Time 1 and Time 2. Because of the link between recent life stress and depression, a lifetime 

history of depression (0-never depressed vs. 1-current or past depression) was included as a covariate. As 

shown in Table 4.07, Model 1 was significant and Time 1 AUCi accounted for 36% of the variance in 

Time 2 AUCi. Model 2, examining the main effect of life stress on Time 2 AUCi, accounted for a 

significant increase in variance over Model 1. Specifically, life stress was positively associated with Time 

2 AUCi, such that the presence of at least one stressful life event predicted higher Time 2 AUCi. 

Table 4.07 

Stressful Life Events as a Predictor of Time 2 Cortisol Reactivity  

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      13.85  .36*** 

     T1 AUCi 

     LHD 

0.40 

-12.37 

0.18, 0.62 

-20.67, -4.06 

0.11 

4.13 

0.43*** 

-0.35** 

3.64 

-2.99 

   

Model 2      6.84 .08** .44*** 

     T1 AUCi 

     LHD 

0.42 

-12.93 

0.22, 0.63 

-20.79, -5.06 

0.10 

3.91 

0.45*** 

-0.37** 

4.08 

-3.30 

   

     Life Stress 10.17 2.35, 17.98 3.89 0.28** 2.62    

Model 3      4.60 .05* .49*** 

     T1 AUCi 

     LHD 

0.14 

-11.47 

-0.20, 0.47 

-19.19, -3.76 

0.17 

3.83 

-0.32 

-0.19** 

0.42 

-2.99 

   

     Life Stress -6.74 -24.31, 10.83 8.73 -0.32 -0.77    

     TI AUCi *  

     Life Stress 

0.45 0.03, 0.87 0.21 0.58* 2.14    

Note. T1 = Time 1; LHD = Lifetime History of Depression; * p < .050, ** p < .01, *** p < .005 

 
Finally, Model 3, examining the moderating effect of life stress on the stability of AUCi over 

time, accounted for a significant increase in variance (see Figure 4.02).  
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Figure 4.02 

Stability of Cortisol Reactivity Moderated by Exposure to Stressful Life Events 

 

Note. In individuals who did not experience any stressful life events in the three months preceding Time 

2, Time 1 AUCi did not significantly predict Time 2 AUCi. In participants who experienced at least one 

stressful life event in the three months preceding Time 2, Time 1 AUCi significantly positively predicted 

Time 2 AUCi. 

 
Follow-up analyses indicated that in participants with at least one stressful life event in the three 

months prior to their Time 2 appointment, Time 1 AUCi significantly positively predicted Time 2 AUCi 

when controlling for lifetime depression, β = 0.55, 95% CIs [0.29, 0.86], SE = .14, t = 4.15, p = .013 (see 

Figure 4.02). In contrast, in participants with no stressful life events in the three months prior to Time 2, 

Time 1 AUCi did not predict Time 2 AUCi when controlling for lifetime depression, β = .23, 95% CIs [-

0.15, 0.43], SE = .14, t = 1.92, p = .3223.  

A repeated measures ANOVA was conducted to determine if experiencing a recent stressful life 

event moderated the change between Time 1 AUCi and Time 2 AUCi with lifetime depression included 

as a covariate. The main effect for time was not significant. However, the interaction between time and 

life stress was significant, F(1, 49) = 6.18, p = .016, ηp
2 = .11 (see Figure 4.03).  

                                                        
3 This pattern of findings remains consistent when also controlling for stressful life events in the three months 
preceding Time 1. Full results available upon request. 
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Figure 4.03 

Changes in Cortisol Reactivity Moderated by Exposure to Stressful Life Events 

 

Note. In individuals who did not experience any stressful life events in the three months preceding Time 

2, Time 2 AUCi was significantly lower than Time 1 AUCi. In participants who experienced at least one 

stressful life event, Time 2 AUCi did not significantly differ from Time 1 AUCi. 

 

Pairwise comparisons indicated that in individuals who had not experienced a stressful life event 

in the three months preceding Time 2, there was a significant decrease in AUCi between Time 1 (M = 

38.38, SE = 4.17) and Time 2 (M = 22.04, SE = 3.49), p < .001. In contrast, in individuals who did 

experienced at least one stressful life event in the three months preceding Time 2, there was no significant 

difference between Time 1 AUCi (M = 34.86, SE = 3.29) and Time 2 AUCi (M = 30.71, SE = 2.75), p = 

.178. 

Moderators in the Relation Between Time 1 and Time 2 Response Bias 

Depression Symptom Change 

A hierarchical multiple regression analysis was conducted to evaluate if a change in the severity 

of depression symptoms moderated the predictive relation (i.e., stability) of response bias between Time 1 

and Time 2. As shown in Table 4.08, Model 1 was significant and Time 1 response bias accounted for 

24% of the variance in Time 2 response bias. Model 2, examining the main effect of changes in 
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depression symptoms on Time 2 response bias, was also significant and the increase in variance 

accounted for by the model was approaching significance.  

Table 4.08 

Change in Depression Severity as a Predictor of Time 2 Response Bias 

 B CI95B SE β t ΔF ΔR2 R2 

Model 1      13.44  .24*** 

     T1 RB 0.75 0.39, 1.17 0.21 0.49** 3.67    

Model 2      3.25 .06+ .29*** 

     T1 RB 0.66 0.25, 1.08 0.21 0.43** 3.21    

     ΔMADRS  -.01 -0.01, 0.001 0.003 -0.24+ -1.80    

Model 3      0.02 < .001 .29*** 

     T1 RB 0.66 0.23, 1.08 0.21 0.43** 3.15    

     ΔMADRS  -0.01 -0.01, 0.001 0.003 -0.25 -1.67    

     TI RB *  

     ΔMADRS  

0.003 -0.04, 0.05 0.02 0.02 0.15    

Note. T1 = Time 1; Response Bias = RB; MADRS = Montgomery Asberg Depression Rating Scale; + p < 

.08; * p < .050, ** p < .01, *** p < .005 

 

Specifically, change in depression symptom severity negatively predicted Time 2 response bias, 

such that individuals whose symptoms worsened between Time 1 and Time 2 showed lower response 

bias. The change in depression symptom severity accounted for an additional 6% of the variance in Time 

2 response bias over and above the main effects of Time 1 response bias. Finally, although Model 3 was 

significant, the interaction between the change in depression severity and Time 1 response bias did not 

account for a significant change in variance of Time 2 response bias compared to that accounted for by 

Time 1 response bias alone. 

A repeated measures ANOVA using a customized model was conducted to determine if change in 

depression severity significantly moderated the change between Time 1 response bias and Time 2 

response bias. There was a significant increase in response bias between Time 1 and Time 2, F(1, 57) = 
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5.30, p = .025, ηp
2 = .09. Further, the interaction between time and change in depression symptoms was 

marginally significant, F(1, 57) = 3.75, p = .050, ηp
2 = .07 (see Figure 4.04).  

Figure 4.04 

Change in Response Bias Moderated by Changes in Depression Symptoms 

 
Note. In individuals who were below the mean (indicating a decrease in depression symptoms at Time 2), 

there was a significant increase in response bias between Time 1 and Time. In contrast, in individuals 

whose depression change scores were above the mean (primarily indicating an increase in depression 

symptoms), there was no significant change in response bias scores between Time 1 and Time 2. 

 

Follow-up analyses based on a mean split (M = -2.57) indicated that in individuals who were 

below the mean (indicating a decrease/improvement in depression symptoms at Time 2), there was a 

significant increase in response bias between Time 1 and Time 2, F(1, 25) = 4.72, p = .039, ηp
2 = .16. In 

contrast, in individuals whose depression change scores were above the mean (primarily indicating an 

increase/worsening in depression symptoms), there was no significant change in response bias scores 

between Time 1 and Time 2, F(1, 32) = 3.16, p = .090, ηp
2 = .08. 

Anhedonia Symptom Change 

A hierarchical multiple regression analysis was conducted to evaluate how a change in the 

severity of anhedonia symptoms moderated the predictive relation (i.e., stability) of response bias 

between Time 1 and Time 2. As shown in Table 4.09, Model 1 was significant and Time 1 response bias 
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accounted for 21% of the variance in Time 2 response bias. Model 2, examining the main effect of 

changes in anhedonia symptoms on Time 2 response bias, was also significant and the increase in 

variance accounted for by the model was approaching significance. Specifically, changes in anhedonia 

symptom severity negatively predicted Time 2 response bias at a trend, such that individuals whose 

symptoms worsened between Time 1 and Time 2 showed lower response bias. Further, the change in 

anhedonia symptom severity accounted for an additional 7% of the variance in Time 2 response bias over 

and above the main effects of Time 1 response bias. Finally, although Model 3 was significant, the 

interaction between the change in anhedonia severity and Time 1 response bias did not account for a 

significant change in variance of Time 2 response bias compared to that accounted for by Time 1 

response bias alone. 

Table 4.09 

Change in Anhedonia Severity as a Predictor of Time 2 Response Bias 

 b CI95B SE β t ΔF  ΔR2  R2 

Model 1      10.85  .21*** 

     T1 RB 0.75 0.26, 1.07 0.21 0.49** 3.29    

Model 2      3.71 .07+ .28*** 

     T1 RB 0.71 0.19, 0.99 0.21 0.46** 2.97    

     ΔMASQ AD  -.003 -0.01, .001 0.01 -.26+ 1.93    

Model 3      0.41 .01 .28*** 

     T1 RB 0.71 0.12, 0.97 0.21 0.38** 2.64    

     ΔMASQ AD  -0.004 -0.01, .001 0.01 -0.29* -2.02    

     TI RB *  

     ΔMASQ AD  

0.01 -0.02, 0.04 0.08 0.10 0.64    

Note. T1 = Time 1; RB = Response Bias; MASQ AD = Mood and Anxiety Symptom Questionnaire, 

Anhedonia Depression subscale; + p < .065; * p < .050, ** p < .01, *** p < .005 

 

A repeated measures ANOVA using a customized model was conducted to determine if change in 

anhedonia severity significantly moderated the change between Time 1 response bias and Time 2 

response bias. There was a significant increase in response bias between Time 1 and Time 2, F(1, 54) = 
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5.39, p = .024, ηp
2 = .09. However, the interaction between time and change in anhedonia symptoms was 

not significant, F(1, 54) = 1.59, p = .213, ηp
2 = .03. 

Sex 

A hierarchical multiple regression analysis was conducted to evaluate if sex moderated the 

predictive relation (i.e., stability) of response bias between Time 1 and Time 2. As shown in Table 4.10, 

Model 1 was significant and Time 1 response bias accounted for 24% of the variance in Time 2 response 

bias. Models 2 and 3 were also significant; however, sex and the interaction between sex and Time 1 

response bias did not account for a significant change in the variance of Time 2 response bias compared 

to that accounted for by Time 1 response bias alone.  

Table 4.10 

Sex as a Predictor of Time 2 Response Bias 

 B CI95B SE β t ΔF  ΔR2 R2 

Model 1      13.44  .24*** 

     T1 RB 0.75 0.34, 1.17 0.21 0.49*** 3.67    

Model 2      0.54 .01 .25*** 

     T1 RB 0.79 0.36, 1.22 0.21 0.51*** 3.72    

     Sex 0.04 -0.07, 0.15 0.05 0.10 0.74    

Model 3      0.29 .01 .25*** 

     T1 RB 1.16 -0.29, 2.61 0.72 0.75 1.62    

     Sex 0.04 -0.07, 0.15 0.06 0.11 0.75    

     TI RB *   

     Sex 

-0.24 -1.11, 0.64 0.43 -0.25 -0.54    

Note. T1 = Time 1; RB = Response Bias; * p < .050, ** p < .01, *** p < .005 

 

 A repeated measures ANOVA was conducted to determine if sex moderated the change between 

Time 1 response bias and Time 2 response bias. There was a significant linear increase in response bias 

between Time 1 and Time 2, F(1, 57) = 8.03, p = .006, ηp
2 = .12. However, the interaction between 

response bias and sex was not significant, F(1, 57) = 0.29, p = .592, ηp
2 = .01; suggesting that sex did not 

impact the change between Time 1 response bias and Time 2 response bias. 
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Childhood Maltreatment 

A hierarchical multiple regression analysis was conducted to evaluate if childhood maltreatment 

moderated the predictive relation (i.e., stability) of response bias between Time 1 and Time 2 with 

lifetime depression as a covariate. As shown in Table 4.11, Model 1 was significant and Time 1 response 

bias accounted for 24% of the variance in Time 2 response bias. Models 2 and 3 were also significant; 

however, maltreatment and the interaction between maltreatment and Time 1 response bias did not 

account for a significant change in the variance of Time 2 response bias compared to that accounted for 

by Time 1 response bias alone. 

Table 4.11 

Childhood Maltreatment as a Predictor of Time 2 Response Bias  

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      7.23  .24*** 

     T1 RB 

     LHD 

0.67 

0.03 

0.30, 1.04 

-0.08, 0.13 

0.18 

0.05 

0.47*** 

0.07 

3.63 

0.55 

   

Model 2      0.18 .003 .24*** 

     T1 RB 

     LHD 

0.67 

0.03 

0.30, 1.04 

-0.08, 0.13 

0.19 

0.05 

0.48*** 

0.07 

3.62 

0.56 

   

     SCM -0.02 -0.14, 0.09 0.06 -0.06 -0.42    

Model 3      2.04 .04 .28*** 

     T1 RB 

     LHD 

0.78 

0.04 

0.38, 1.18 

-0.06, 0.15 

0.20 

0.05 

0.55*** 

0.10 

3.93 

0.79 

   

     SCM 0.001 -0.12, 0.12 0.06 0.002 0.01    

     TI RB *  

     SCM 

-0.71 -1.71, 0.29 0.50 -0.21 -1.43    

Note. T1 = Time 1; LHD = Lifetime History of Depression; SCM = Severe Childhood Maltreatment; * p 

< .050, ** p < .01, *** p < .005 

 

A repeated measures ANOVA was conducted to determine if a history of childhood maltreatment 

moderated the change between Time 1 response bias and Time 2 response bias when lifetime depression 
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was included as a covariate. The main effect of response bias was not significant, nor was the interaction 

between response bias and childhood maltreatment (all ps > .246). 

Stressful Life Events 

A hierarchical multiple regression analysis was conducted to evaluate if stressful life events in the 

three months preceding Time 1 moderated the predictive relation (i.e., stability) of response bias between 

Time 1 and Time 2. Lifetime depression was included as a covariate. As shown in Table 4.12, Model 1 

was significant and Time 1 response bias accounted for 36% of the variance in Time 2 response bias. 

Models 2 and 3 were also significant; however, recent life stress and the interaction between life stress 

and Time 1 response bias did not account for a significant change in the variance of Time 2 response bias 

compared to that accounted for by Time 1 response bias alone. 

Table 4.12 

Life Stress as a Predictor of Time 2 Response Bias  

 B CI95B SE β t ΔF ΔR2  R2 

Model 1      15.10  .36*** 

     T1 RB 

     LHD 

0.80 

0.03 

0.49, 1.10 

-0.06, 0.13 

0.15 

.05 

0.59*** 

0.08 

5.29 

0.69 

   

Model 2      0.11  .001 .36*** 

     T1 RB 

     LHD 

0.79 

0.03 

0.48, 1.09 

-0.06, 0.13 

0.17 

0.05 

0.58*** 

0.08 

5.14 

0.69 

   

     Life Stress -.02 -0.11, 0.08 0.05 -0.04 -0.33    

Model 3      0.02 .003 .37*** 

     T1 RB 

     LHD 

0.79 

0.03 

-0.03, 1.29 

-0.07, 0.13 

0.16 

0.05 

0.58*** 

0.07 

5.09 

0.63 

   

     Life Stress -0.05 -0.23, 0.12 0.05 -0.04 -0.35    

     TI RB *  

     Life Stress 

0.20 -0.56, 0.96 0.39 0.25* 2.00    

Note. T1 = Time 1; RB = Response Bias; LHD = Lifetime History of Depression; * p < .050, ** p < .01, 

*** p < .005 
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A repeated measures ANOVA was conducted to determine if experiencing at least one stressful 

life event in the three months preceding Time 2 moderated the change between Time 1 response bias and 

Time 2 response bias when lifetime depression was included as a covariate. The main effect of response 

bias was not significant, nor was the interaction between response bias and recent life stress (ps > .246). 

Moderators in the Relation Between Time 1 and Time 2 Reward Learning 

Change in Depression Severity 

A hierarchical multiple regression analysis was conducted to evaluate if change in depression 

severity moderated the predictive relation (i.e., stability) of reward learning between Time 1 and Time 2. 

As shown in Table 4.13, none of the models in the analysis were significant, suggesting that Time 1 

reward learning, change in depression severity, and the interaction between Time 1 reward learning and 

change in depression severity did not account for significant variance in Time 2 reward learning. 

Table 4.13 

Change in Depression Severity as a Predictor of Time 2 Reward Learning 

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      0.02  <.001 

     T1 RL -0.02 -0.34, 0.29 0.16 -0.02 -0.15    

Model 2      0.11 .003 .003 

     T1 RL -0.03 -0.34, 0.29 0.16 -0.03 -0.16    

     ΔMADRS -0.001 -0.01, 0.01 0.003 -0.05 -0.33    

Model 3      0.35 .01 .01 

     T1 RL -0.05 -0.39, 0.28 0.16 -0.05 -0.30    

     ΔMADRS  -0.001 -0.01, 0.01 0.003 -0.04 -0.25    

     TI RL *      

     ΔMADRS  

-0.01 -0.03, 0.05 0.02 -0.10 -0.60    

Note. T1 = Time 1; * p < .050, ** p < .01, *** p < .005 
 

A repeated measures ANOVA using a customized model was conducted to determine if change in 

depression severity significantly moderated the change between Time 1 reward learning and Time 2 

reward learning. There was no main effect of time, F(1, 57) = 1.52, p = .223, ηp
2 = .03. Further, the 
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interaction between time and change in depression symptoms was not significant, F(1, 57) = 0.04, p = 

.849, ηp
2 = .001. 

Change in Anhedonia Severity 

A hierarchical multiple regression analysis was conducted to evaluate if change in anhedonia 

severity moderated the predictive relation (i.e., stability) of reward learning between Time 1 and Time 2. 

As shown in Table 4.14, none of the models in the analysis were significant. However, the interaction 

between between Time 1 reward learning and anhedonia was significant in Model 3, as was the 10% 

increase in variance accounted for by the model. 

Table 4.14 

Change in Anhedonia Severity as a Predictor of Time 2 Reward Learning 

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      0.01  <.001 

     T1 RL 0.01 -0.31, 0.33 0.16 0.01 0.08    

Model 2      0.004 .003 < .001 

     T1 RL 0.01 -0.31, 0.34 0.16 0.01 0.07    

     ΔMASQ AD < .001 -0.004, 0.01 0.002 -0.01 -0.07    

Model 3      4.23 .10* .10 

     T1 RL 0.16 -0.18, 0.51 0.17 0.16 0.94    

     ΔMASQ AD  0.001 -0.01, 0.004 0.002 0.04 0.29    

     TI RL *      

     ΔMASQ AD  

0.02 -0.04, 0.001 0.01 0.35* 2.06    

Note. T1 = Time 1; * p < .050, ** p < .01, *** p < .005 

 
The Johnson-Neyman technique was used to follow-up the interaction between Time 1 reward 

learning and change in anhedonia severity in predicting Time 2 reward learning (see Figure 4.05).  
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Figure 4.05 

Stability of Reward Learning Moderated by Changes in Anhedonia Symptoms 

 

Note. Conditional effects of Time 1 reward learning on Time 2 reward learning at for anhedonia scores 

that indicated an increase in symptoms (ΔMASQ AD = 13.88), little change in symptoms (ΔMASQ AD = 

0.00), and a decrease in symptoms (ΔMASQ AD = -14.88) between Time 1 and Time 2. Slopes were 

statistically significant and positive for participants who demonstrated a decrease in anhedonia or little 

change in anhedonia. Slopes were not statistically significant in participants who demonstrated an 

increase in anhedonia. 

 
Slopes between Time 1 and Time 2 reward learning were positive and approaching statistical 

significance (ps < .09) for MASQ AD change scores that suggested little change in anhedonia between 

Time 1 and Time 2 or a decrease in symptoms between Time 1 and Time 2 (change scores < 1.23). Slopes 

were not significant for change scores that suggested an increase in anhedonia between Time 1 and Time 

2 (change scores > 4.25). More generally, in participants with little change or a decrease in anhedonia, 

lower reward learning at Time 1 was predictive of lower reward learning at Time 2 at a trend. In contrast, 

in participants with an increase in anhedonia, reward learning at Time 1 was not predictive of reward 

learning at Time 2. 

A repeated measures ANOVA using a customized model was conducted to determine if change in 

anhedonia severity significantly moderated the change between Time 1 reward learning and Time 2 

reward learning. There was no main effect of time, F(1, 54) = 1.21, p = .275, ηp
2 = .02. Further, the 
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interaction between time and change in anhedonia symptoms was not significant, F(1, 54) = 0.001, p = 

.994, ηp
2 < .001. 

Sex 

A hierarchical multiple regression analysis was conducted to evaluate if sex moderated the 

predictive relation (i.e., stability) of reward learning between Time 1 and Time 2. As shown in Table 

4.15, none of the models were significant, suggesting that Time 1 reward learning, sex, and the interaction 

between reward learning and sex did not account for significant variance in Time 2 reward learning. 

Table 4.15 

Sex as a Predictor of Time 2 Reward Learning 

 B CI95B SE β t ΔF  ΔR2  R2 

Model 1      0.02  < .001 

     T1 RL -0.02 -0.34, 0.29 0.16 -0.02 -0.15    

Model 2      1.87 .04 .04 

     T1 RL -0.01 -0.33, 0.30 0.15 -0.01 -0.09    

     Sex .09 -0.04, 0.22 0.07 0.21 1.45    

Model 3      3.32 .07+ .12 

     T1 RL 0.77 -0.15, 1.69 0.46 0.75 1.67    

     Sex .10 -0.03, 0.23 0.07 .23 1.56    

     TI RL * Sex -0.56 -1.18, 0.06 0.31 -0.81 -1.82    

Note. T1 = Time 1; RL = Reward Learning; + p < .08; * p < .050, ** p < .01, *** p < .005 
 

A repeated measures ANOVA was conducted to determine if sex moderated the change between 

Time 1 reward learning and Time 2 reward learning. The main effect of reward learning was not 

significant, nor was the interaction between reward learning and sex (all ps > .193). 

Childhood Maltreatment 

A hierarchical multiple regression analysis was conducted to evaluate if childhood maltreatment 

moderated the predictive relation (i.e., stability) of reward learning between Time 1 and Time 2. As 

shown in Table 4.16, Models 1 and 2 were not significant, suggesting that Time 1 reward learning and 

childhood maltreatment did not account for significant variance in Time 2 reward learning.  
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Table 4.16 

Childhood Maltreatment as a Predictor of Time 2 Reward Learning  

 B CI95B SE β t ΔF  ΔR2 R2 

Model 1      0.58  .02 

     T1 RL 

     LHD 

0.14 

-0.03 

-0.14, 0.43 

-0.16, 0.11 

0.14 

0.07 

0.15 

-0.06 

0.99 

-0.38 

   

Model 2      0.64 .01 .04 

     T1 RL 

     LHD 

0.15 

-0.02 

-0.14, 0.43 

-0.16, 0.11 

0.14 

0.07 

0.15 

-0.05 

1.02 

-0.35 

   

     SCM -0.06 -0.22, 0.09 0.08 -0.12 -0.81    

Model 3      5.59 .11* .15 

     T1 RL 

     LHD 

-0.01 

-0.03 

-0.31, 0.30 

-0.16, 0.10 

0.15 

0.07 

-0.01 

-0.06 

-0.04 

-0.43 

   

     SCM -0.11 -0.27, 0.04 0.08 -0.22 -1.49    

     TI RL *      

     SCM 

0.83 -0.12, 1.54 0.35 0.38* 2.36    

Note. T1 = Time 1; RL = Reward Learning; LHD = Lifetime History of Depression; SCM = Severe 

Childhood Maltreatment; * p < .050, ** p < .01, *** p < .005 

 
Model 3 was also not significant; however, the interaction interaction between Time 1 reward 

learning and maltreatment was significant and accounted for an additional 11% of variance in Time 2 

reward learning over and above the variance accounted for by Time 1 reward learning and maltreatment 

(see Figure 4.06). Follow-up analyses indicated that in participants with a history of severe childhood 

maltreatment, Time 1 reward learning positively predicted Time 2 reward learning at a trend when 

controlling for lifetime depression, β = 0.42, 95% CIs [-0.03, 0.79], SE = .19, t = 1.94, p = .068. In 

contrast, in participants without severe childhood maltreatment, Time 1 reward learning did not predict 

Time 2 reward learning when controlling for lifetime depression, β = -0.01, 95% CIs [-0.31, 0.30], SE = 

.15, t = -0.03, p = .978.  
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Figure 4.06 

Stability of Reward Learning Moderated by Childhood Maltreatment 

 

Note. Time 1 reward learning and Time 2 reward learning scores stratified by childhood maltreatment. In 

individuals with no history of severe childhood maltreatment, Time 1 reward learning did not 

significantly predict Time 2 reward learning. In participants with a history of severe childhood 

maltreatment, Time 1 reward learning significantly positively predicted Time 2 reward learning. 

 

 A repeated measures ANOVA was conducted to determine if a history of childhood maltreatment 

moderated the change between Time 1 reward learning and Time 2 reward learning when lifetime 

depression was included as a covariate. The main effect of reward learning was not significant, nor was 

the interaction between reward learning and childhood maltreatment (all ps > .512). 

Life Stress 

A hierarchical multiple regression analysis was conducted to evaluate if life stress in the three 

months preceding Time 2 moderated the predictive relation (i.e., stability) of reward learning between 

Time 1 and Time 2. As shown in Table 4.17, Models 1 and 2 were not significant, suggesting that Time 1 

reward learning and life stress did not account for significant variance in Time 2 reward learning.  
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Table 4.17 

Life Stress as a Predictor of Time 2 Reward Learning  

 b CI95B SE β t ΔF  ΔR2  R2 

Model 1      1.29  .05 

     T1 RL 

     LHD 

0.19 

-0.03 

-0.06, 0.43 

-0.15, 0.10 

0.12 

0.06 

0.21 

-0.05 

1.55 

-0.40 

   

Model 2      0.87 .02 .06 

     T1 RL 

     LHD 

0.20 

-0.03 

-0.05, 0.44 

-0.15, 0.10 

0.12 

0.06 

0.22 

0.06 

1.63 

-0.41 

   

     Life Stress 0.06 -0.07, 0.18 0.06 0.13 0.93    

Model 3      3.53 .06+ .12 

     T1 RL 

     LHD 

0.44 

-0.01 

0.09, 0.80 

-0.13, 0.12 

0.18 

0.06 

0.50* 

-0.02 

2.51 

-0.12 

   

     Life Stress 0.11 -0.02, 0.24 0.07 0.25 1.68    

     TI RL *      

     Life Stress 

-0.45 -0.93, 0.03 0.24 -0.38+ -1.88    

Note. T1 = Time 1; + p < .07; * p < .050, ** p < .01, *** p < .005 

 
Model 3, examining the moderating effect of recent life stress on the stability of reward learning, 

was approaching significance. Further, the interaction interaction between Time 1 reward learning and 

life stress was approaching significance and accounted for an additional 6% of variance in Time 2 reward 

learning over and above the variance accounted for by Time 1 reward learning and life stress (see Figure 

4.07). Follow-up analyses indicated that in participants with at least one stressful life event in the three 

months prior to their Time 2 appointment, Time 1 reward learning did not predict Time 2 reward learning 

when controlling for lifetime depression, β = -0.01, 95% CIs [-0.37, 0.36], SE = .18, t = -0.04, p = .970. In 

contrast, in participants with no stressful life events in the three months prior to Time 2, Time 1 reward 

learning positively predicted Time 2 reward learning when controlling for lifetime depression, β = 0.44, 

95% CIs [0.13, 0.76], SE = .15 t = 2.96, p = .0084.  

                                                        
4 This pattern of findings remains consistent when also controlling for stressful life events in the three months 
preceding Time 1.  
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Figure 4.07 

Stability of Reward Learning Moderated by Exposure to Stressful Life Events 

 

Note. Time 1 reward learning and Time 2 reward learning scores stratified by life stress. In individuals 

who did not experience any stressful life events in the three months preceding Time 2, Time 1 reward 

learning significantly positively predicted Time 2 reward learning. In participants who experienced at 

least one stressful life event in the three months preceding Time 2, Time 1 reward learning did not 

significantly predict Time 2 reward learning. 

 
A repeated measures ANOVA was conducted to determine if experiencing at least one stressful 

life event in the three months preceding Time 2 moderated the change between Time 1 reward learning 

and Time 2 reward learning. The main effect of reward learning was not significant, nor was the 

interaction between reward learning and recent life stress (all ps > .248). 

Hypothesis 4: Covariation of Cortisol and Reward Data Between Time 1 and Time 2 

 To determine whether changes in AUCi were associated with changes in reward responsivity, two 

correlated slopes analyses were run. These models allowed for an assessment of whether the slope of 

Time 1 and Time 2 AUCi was correlated with (a) Time 1 and Time response bias and (b) Time 1 and 

Time 2 reward learning. Contrary to hypotheses, the analyses indicated that the slope of AUCi between 

Time 1 and Time 2 was not significantly associated with the slope of response bias between Time 1 and 
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Time 2 (b = .04, SE = .12, p = .770), or with the slope of reward learning between Time 1 and Time 2 (b 

= .06, SE = .10, p = .508).  

 Because multilevel modelling analyses require larger sample sizes to have sufficient power, 

additional exploratory descriptive analyses were conducted to further examine the relation between stress 

reactivity and reward responsivity over time. Specifically, two correlation analyses were conducted to 

examine the relation between AUCi change (Time 1 AUCi subtracted from Time 2 AUCi) and (a) 

response bias change (Time 1 response bias subtracted from Time 2 response bias) and (b) reward 

learning change (Time 1 reward learning subtracted from Time 2 reward learning). AUCi change was not 

significantly correlated with response bias change, r = .12, p = .454. However, the positive correlation 

between AUCi change and reward learning change was approaching significance, r = .29, p = .079, 

suggesting that decreases in AUCi between Time 1 and Time 2 were associated with decreases in reward 

learning between Time 1 and Time 2. 
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Chapter 5 

Discussion 

This is the first study to examine the longitudinal stability of both cortisol reactivity to a social 

evaluative stress task and behavioural reward responsivity. Further, this study is the first to examine how 

cortisol reactivity and reward responsivity co-varied across two time points. The first goal of my study 

was to examine whether (a) cortisol reactivity to stress significantly predicted cortisol reactivity to the 

same stress task approximately six months later; and (b) performance on a behavioural signal detection 

reward task significantly predicted performance on the same reward task approximately six months later. 

As hypothesized, both overall stress reactivity at Time 1 and response bias towards rewarding stimuli at 

Time 1 significantly positively predicted stress reactivity and response bias at Time 2, respectively. In 

contrast, reward learning at Time 1 was not significantly associated with reward learning at Time 2. 

The second goal of my study was to examine whether or not there were significant changes in (a) 

cortisol reactivity and (b) reward responsivity between Time 1 and Time 2. As hypothesized, Time 2 

cortisol reactivity was significantly lower than Time 1 cortisol reactivity. Contrary to hypotheses, Time 2 

response bias was significantly higher than Time 1 response bias. Finally, Time 2 reward learning did not 

significantly differ from Time 1 reward learning. 

The third goal of my study was to examine the moderating role of five additional variables on the 

stability and change in cortisol reactivity and reward responsivity. These variables included changes in 

depression symptoms between Time 1 and Time 2, changes in anhedonia symptoms between Time 1 and 

Time 2, sex, a history of childhood maltreatment, and recent life stress. With regards to cortisol reactivity, 

my results suggested that changes in anhedonia symptoms and recent life stress moderated the stability of 

cortisol reactivity. Specifically, in participants with little change or an increase in anhedonia, lower 

cortisol reactivity at Time 1 was predictive of lower cortisol reactivity at Time 2. In contrast, in 

participants with a decrease in anhedonia, cortisol reactivity at Time 1 was not predictive of cortisol 
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reactivity at Time 2. Additionally, in participants with at least one stressful life event in the three months 

prior to their Time 2 appointment, Time 1 cortisol reactivity significantly positively predicted Time 2 

cortisol reactivity. In contrast, in participants with no stressful life events in the three months prior to 

Time 2, Time 1 cortisol reactivity did not predict Time 2 cortisol reactivity. Further, recent life stress also 

moderated the change in cortisol reactivity between Time 1 and Time 2, such that in individuals who had 

not experienced a stressful life event in the three months preceding Time 2, there was a significant 

decrease in cortisol reactivity between Time 1 and Time 2. In contrast, in individuals who did experienced 

at least one stressful life event in the three months preceding Time 2, there was no significant difference 

between Time 1 cortisol reactivity and Time 2 cortisol reactivity. 

My results suggested that none of the variables I examined moderated the stability between Time 

1 and Time 2 response bias; however, changes in depression symptoms moderated the change in response 

bias over time. Specifically, in individuals who depression symptoms decreased between Time 1 and 2, 

there was a significant increase in response bias over time. In contrast, in individuals whose depression 

scores increased or worsened between Time 1 and 2, there was no significant change in response bias 

scores between Time 1 and Time 2. Additionally, changes in depression and anhedonia symptoms 

between Time 1 and Time 2 were significant independent predictors of Time 2 response bias over and 

above Time 1 response bias. Specifically, an increase (i.e., worsening) in depression and anhedonia 

symptoms predicted lower Time 2 response bias scores. 

Finally, three moderators emerged in the stability of reward learning over time: change in 

anhedonia symptoms, childhood maltreatment, and recent life stress. In participants with little change or a 

decrease in anhedonia, lower reward learning at Time 1 was predictive of lower reward learning at Time 2 

at a trend. In contrast, in participants with an increase in anhedonia, reward learning at Time 1 was not 

predictive of reward learning at Time 2. In participants with a history of severe childhood maltreatment, 

Time 1 reward learning positively predicted Time 2 reward learning. In contrast, in participants without 

severe childhood maltreatment, Time 1 reward learning did not predict Time 2 reward learning. Finally, 
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in participants with at least one stressful life event in the three months prior to their Time 2 appointment, 

Time 1 reward learning did not predict Time 2 reward. In contrast, in participants with no stressful life 

events in the three months prior to Time 2, Time 1 reward learning positively predicted Time 2 reward 

learning. 

The fourth and final goal of my study was to examine the co-variation of the stress and reward 

systems across the two time points. Contrary to hypotheses, slopes for cortisol reactivity between Time 1 

and Time 2 were not related to the slopes of either response bias or reward learning between Time 1 and 

Time 2. However, additional descriptive analyses suggested that changes in cortisol reactivity were 

positively related to changes in reward learning, such that increases in cortisol reactivity between Time 1 

and Time 2 were associated with increases in reward learning between Time 1 and Time 2. 

Cortisol Reactivity (AUCi) Over Time 

 In the present study, Time 1 cortisol reactivity positively predicted Time 2 cortisol reactivity 

across the full sample. Further, Time 2 cortisol reactivity was also significantly lower than Time 1 cortisol 

reactivity. Prior research has examined patterns of cortisol reactivity over time (e.g., Kirschbaum et al., 

1995; Leppert et al., 2016; Morris & Rao, 2014; Schommer et al., 2003). The pattern of research findings 

has suggested that healthy individuals tend to show relatively stable patterns of cortisol reactivity to 

laboratory stress over time (Leppert et al., 2016). However, a reduction in cortisol response over time, 

representing habituation, would be expected following repeated administrations of the same task 

(Kirschbaum et al., 1995; Morris & Rao, 2014; Schommer et al., 2003). Therefore, our findings are 

consistent with prior research and suggest that, in general, individuals demonstrated both relative stability 

in cortisol reactivity over time and expected habituation in stress responses. 

Reward Responsivity Over Time 

Response Bias 

Consistent with hypotheses, my results indicated that Time 1 response bias significantly predicted 

Time 2 response bias, suggesting that there is some stability in response bias to rewards over time. 
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However, contrary to hypotheses, I found that Time 2 response bias was significantly higher than Time 1 

response bias. This latter result is also inconsistent with prior research examining reward responsivity 

over a period of one to two months, which has suggested that reward responsivity may be somewhat 

stable and trait-like over time (e.g., Dreher et al., 2009; Edler Schiller et al., 2013; Pechtel et al., 2013), 

yet changes in mental health may also be associated with eventual changes in reward responsivity (e.g. 

Vrieze et al., 2013). However, these studies did not directly assess behavioural reward responsivity across 

multiple time points longer than four to eight weeks apart. The results of the present study may suggest 

that a longer duration between administrations results in better performance, potentially as a function of 

familiarity with the task.  

An alternate explanation for the improvement in response bias at Time 2 stems from the design of 

the present study, specifically that the PRT was administered after the TSST. Prior research has suggested 

that stress exposure is associated with reduced responsivity to rewards (Bogdan & Pizzagalli, 2006; 

Bogdan et al., 2011; Oei et al., 2014). At Time 1, participants demonstrated higher stress reactivity to the 

TSST than at Time 2, and this may have resulted in lower response bias in the subsequently administered 

PRT. However, as discussed above, participants generally showed reduced cortisol reactivity at Time 2, 

which may have in turn resulted in improved response bias towards reward. Therefore, it is possible that 

habituation to the TSST played a role in improving response bias to rewards at Time 2.  

In summary, the findings of my study suggest that response bias to rewards is generally stable 

over time, in that individuals with low performance at Time 1 still performed in the lower range at Time 

2, and individuals with higher performance at Time 2 still performed in the higher range at Time 2. 

However, response bias also generally improved over time. Further research is needed to examine 

mechanisms that may have contributed to this improvement, including task familiarity and habituation to 

the stress task that preceded the reward task. 
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Reward Learning 

My results indicated that Time 1 reward learning did not significantly predict Time 2 reward 

learning, and there were no changes in the average reward learning score between Time 1 and 2. 

Mathematically, these findings indicate that although the overall mean of reward learning at Time 2 did 

not differ significantly from that of Time 2, this was not due to stability of reward learning over time as 

hypothesized. Instead, my results suggest that although the average reward learning score did not differ 

between Time 1 and Time 2, there were changes in reward learning at Time 2 on an individual level (as 

opposed to a group level), and these changes were not systematically related to reward learning at Time 1. 

 One explanation for this pattern of findings is that there are other variables relevant to the 

stability of reward learning over time. Indeed, this is supported by my findings on the role of the 

moderating variables on reward learning (discussed further below). A second explanation is that there are 

unique aspects associated specifically with reward learning (or learning in general) that influenced my 

findings, particularly the differential pattern of results in response bias compared to reward learning. 

Response bias scores on the PRT reflect a participant’s general response pattern towards the rewarding 

stimuli, whereas reward learning scores assess participants’ rate of learning over the course of the task 

(e.g., the difference in response bias between Block 1 and Block 3 of the task). As noted previously, 

research on the neurological underpinnings of the reward system indicate that this system is complex and 

multifaceted (e.g., Berridge & Kringelbach, 2008). Expanding on this, although speculative, it is possible 

one source of the differences between response bias and reward learning is that the processes involved in 

behavioural reward learning (e.g., the ability to quickly identify and assess incoming information and then 

modulate behaviour accordingly) can be easily influenced by proximal factors and may thus be less stable 

over time. For example, reinforcement learning involves translating situational cues into actions in order 

to maximize a reward (Sutton & Barto, 1998), which is required for reward learning on the PRT. 

Research has suggested that reinforcement learning plays a crucial rule in cognitive flexibility (Hauser et 

al., 2015; Sutton & Barto, 1998). However, cognitive flexibility can also be easily influenced by transient 
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factors that can change quickly, including mental states such as fatigue (Honn et al., 2019). In turn, it is 

possible that reinforcement learning and reward learning are also easily influenced by factors such as 

fatigue. In turn, this may have resulted in a lack of stability in reward learning between Time 1 and Time 

2. In contrast, response bias may hinge more on general “wanting” and “liking” aspects of the reward 

system, and perhaps these factors are not as easily influenced by transient and proximal factors as the 

“learning” component. The role of transient factors such as mental state and fatigue in the stability of 

reward learning is an important question for future research to assess directly. 

Moderators of the Relation Between Time 1 and Time 2 Cortisol Reactivity 

 The present study examined the role of several moderators of the stability and change in cortisol 

reactivity to the TSST across two time points. The results for each moderator are in turn discussed below. 

Changes in Depression and Anhedonia Symptoms 

My findings indicated that changes in overall depression symptoms did not moderate the stability 

of cortisol reactivity nor changes in cortisol reactivity over time. However, changes in the specific feature 

of anhedonia did emerge as a significant moderator in the stability (but not change) of cortisol reactivity. 

In particular, in individuals with little change or an increase in anhedonia between Time 1 and Time 2, 

Time 1 cortisol reactivity to stress was positively associated with Time 2 cortisol reactivity to stress. In 

contrast, in individuals whose anhedonia symptoms decreased between Time 1, Time 1 cortisol reactivity 

did not significantly predict Time 2 cortisol reactivity. These findings are in line with prior research 

suggesting that the emergence of, or changes in, psychiatric symptoms can alter the stability of cortisol 

reactivity (e.g., Leppert et al., 2016; Shirtcliff et al., 2011). Further, the finding that changes in anhedonia 

symptoms, but not overall depression symptoms, was relevant in the stability of cortisol reactivity to 

stress is consistent with the RDoC framework and the call to focus on more homogenous domains of 

functioning instead of broad diagnostic categories. In particular, this finding also supports the theory that 

anhedonia within depression plays an important role in the biological stress system (e.g., Cuthbert & 

Kozak, 2013; Insel et al., 2010; Luyten & Fonagy, 2018). As discussed previously, anhedonia has been 
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linked to a well-articulated neurobiological reward circuit that, in animal models, is strongly related to 

stress and HPA axis functioning (Cabib & Puglisi-Allegra 2012; Lamontagne et al., 2018; Moore et al. 

2001; Pizzagalli, 2014; Ventura et al. 2002); however, this is the first study to provide evidence that 

anhedonia symptoms play an important role in the stability of cortisol reactivity to stress. 

It is not entirely clear why in the present study, increased stability between Time 1 and Time 2 

stress reactivity occurred in both individuals with no change in anhedonia symptoms (which was 

consistent with hypotheses), and with an increase in anhedonia symptoms (contrary to hypotheses). One 

possible explanation is that the group demonstrating a decrease in symptoms was more heterogeneous in 

the extent to which their diagnostic status (not just symptoms) changed between Time 1 and Time 2. 

Descriptive follow-up analyses indicated that individuals in the group that decreased were more evenly 

split between no change in diagnostic status (43%), becoming depressed (21%), and remitting from 

depression (36%). In contrast, within the group whose symptoms did not change or increased (and who 

demonstrated more stability in cortisol reactivity), the majority were assessed as having no change in 

diagnostic status between Time 1 Time 2 (76%), and a much smaller proportion of the group became 

depressed (15%) or remitted from depression (9%). Therefore, the stability of cortisol reactivity over time 

within individuals whose symptoms did not change or worsened between Time 1 and Time 2 may be at 

least partly accounted for by the relative homogeneity of this group. More specifically, the diagnostic 

status of the individuals in this group was significantly less likely to have changed between time points, 

χ2(2) = 7.21, p = .027. Further longitudinal research that can address this question more directly will be 

useful in providing more information on how depression symptomatology, particularly, anhedonia, are 

associated with the stability of cortisol reactivity to stress. 

An alternative explanation stems from a qualitative examination of the graphed data (Figure 4.01) 

and a closer inspection of where the fit lines for the different levels of changes in anhedonia symptoms 

diverge. Individuals with low cortisol reactivity at Time 1 tended to also have lower cortisol reactivity at 

Time 2 regardless of the extent to which their anhedonia symptoms changed. Individuals with higher 
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cortisol reactivity at Time 1 also demonstrated higher cortisol reactivity at Time 2 if their symptoms 

remained similar or worsened. In contrast, if individuals had higher cortisol reactivity at Time 1 and their 

symptoms improved, they tended to have more moderate cortisol reactivity at Time 2 (i.e., the positive 

slope was no longer significant). Although the moderating effect of changes in anhedonia symptoms on 

the change between Time 1 and Time 2 cortisol reactivity was not significant, this finding may suggest 

that a decrease in anhedonia symptoms resulted in enough habituation to disrupt the predictive relation of 

Time 1 cortisol reactivity to Time 2 cortisol reactivity. 

Sex 

My findings suggested that sex did not moderate the stability of cortisol reactivity between Time 

1 and Time 2. This is consistent with prior research that examined the stability of cortisol reactivity to 

stress over time and did not find evidence of sex as a moderator (e.g., Leppert et al., 2016; Shirtcliff et al., 

2011). I also found that sex did not moderate changes in cortisol reactivity between Time 1 and Time 2. 

To my knowledge, no prior studies have examined the role of sex in moderating changes in cortisol 

reactivity stress over time. Therefore, I based my hypothesis that women would demonstrate less 

habituation to the TSST than men on research suggesting that women may perceive social-evaluative 

tasks as more stressful than men (e.g., Cross & Madson, 1997; Del Giudice et al., 2011; Lee et al., 2014; 

Stroud, 1999). My findings may suggest that sex does not influence the extent to which habituation 

occurs in response to the TSST; however, it is also possible that the moderating role of sex on change in 

cortisol reactivity is further moderated by other variables, such as depression and a history of adverse 

and/or stressful life experiences. For example, Mazurka and colleagues (2018) examined the role of sex 

and depression status on cortisol reactivity in adolescents. Their results indicated that opposite patterns of 

HPA axis reactivity in depressed girls and women versus depressed boys and men, which highlights the 

importance of also considering psychiatric symptoms when examining sex differences in cortisol 

reactivity. Mazurka and colleagues (2018) also discussed the value in examining stressful and adverse life 

experiences that may differ in exposure based on sex (e.g., interpersonal stress and sexual victimization 
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may be of particular relevance to girls and women).  Therefore, it is possible that sex is relevant to 

changes in cortisol reactivity over time, but that this hinges on further moderation by other variables not 

included in the present analyses due to low power. 

An alternative explanation for my findings is that when it comes to long-term changes in cortisol 

reactivity to stress, static factors such as sex are simply not as relevant as more proximal and dynamic 

factors (such as changes in anhedonia symptoms and recent life stress). Although speculative, this is 

supported by my overall pattern of findings for the stability of cortisol reactivity to stress over time. The 

question of whether sex is truly not a relevant moderator for long-term changes in cortisol reactivity to 

stress or whether sex is further moderated by other variables (such as depression and stress) is an 

important area for future research to address. This question can be empirically tested in studies that 

include a larger sample in order to allow for more complex and comprehensive modelling of these 

associations. 

Childhood Maltreatment 

Similar to the null findings above, childhood maltreatment did not moderate either the predictive 

relation between, or changes in, Time 1 and Time 2 cortisol reactivity. I had hypothesized that individuals 

with a history of maltreatment would demonstrate more stability, and less change, in cortisol reactivity to 

stress over time than those without, based on prior research suggesting that HPA axis responses may be 

become stable over time as trait-like rhythms in individuals with a history of maltreatment (Essex et al., 

2011; Shirtcliff et al., 2011).  

 One possible explanation for the current null results is that, similar to sex, perhaps the moderating 

role of childhood maltreatment on stability and change in cortisol reactivity is further moderated by other 

variables, such as depression. For example, Harkness and colleagues (2011) failed to find a main effect of 

childhood maltreatment on cortisol reactivity to the TSST at a single time point. However, they found a 

robust interaction with depression – individuals with a history of maltreatment and severe depression 

demonstrated a blunted cortisol response to stress, whereas those with a history of maltreatment and 
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mild/moderate depression symptoms demonstrated a hyper-reactive cortisol response to stress. It is 

possible that a similar cross-over interaction would have emerged in the current study if we had had the 

power to detect an interaction. Future research with larger samples should examine more complex 

models, including interactions between maltreatment and depression symptoms, when assessing the 

stability of cortisol reactivity. 

Similar to the discussion for the findings on sex, an alternative explanation for my results is that 

when it comes to the long-term stability and change of cortisol reactivity to stress, historical and static 

factors, such as a history of childhood maltreatment, are not as relevant as more proximal factors. As 

noted above, this hypothesis is supported by my general findings on stability and changes in cortisol 

reactivity over time. Similar to sex, the question of whether childhood maltreatment is truly not a relevant 

moderator in longitudinal stability and change in cortisol reactivity or whether maltreatment is further 

moderated by other variables (such as depression severity) is an important area for future research to 

address. Empirically testing this question in studies that have larger sample sizes will allow for the 

potential identification of additional moderators that are relevant to childhood maltreatment and stability 

and change in cortisol reactivity over time. 

Stressful Life Events 

My results indicated that recent stressful life events moderated the stability of cortisol reactivity 

to stress, such that in individuals who did not experience any stressful life events in the three months 

preceding Time 2, Time 1 cortisol reactivity did not significantly predict Time 2 cortisol reactivity. In 

participants who experienced at least one stressful life event in the three months preceding Time 2, Time 

1 cortisol reactivity significantly positively predicted Time 2 cortisol reactivity. Recent life stress also 

significantly moderated the change in cortisol reactivity over time, such that in individuals with no 

stressful life events in the three months preceding Time 1, there was a significant decrease in cortisol 

reactivity to stress between Time 1 and Time 2 (perhaps representing habituation). In contrast, in 

participants who did experience at least one stressful life event, there was not a significant difference in 
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cortisol reactivity between Time 1 and Time 2, which may suggest that there was no habituation. Taken 

together, one explanation for this pattern of findings is that participants with no recent life stress 

demonstrated typical habituation (change) in response to the TSST; however, this ultimately resulted in 

lower consistency in scores between time points, therefore resulting in less stability between Time 1 and 

Time 2 cortisol reactivity. In contrast, individuals who did experience life stress failed to demonstrate 

habituation, resulting in stability between Time 1 and Time 2 but no change between Time 1 and Time 2. 

Similar to the finding with changes in anhedonia symptoms, when examining the graphed data (Figure 

4.02 and Figure 4.03), it appears that individuals with low cortisol reactivity at Time 1 tended to also have 

lower cortisol reactivity at Time 2 regardless of whether or not they experienced recent life stress. 

Individuals with higher cortisol reactivity at Time 1 also demonstrated higher cortisol reactivity at Time 2 

if they had experienced at least one stressful life event. In contrast, if individuals had higher cortisol 

reactivity at Time 1 and they did not experience any recent stressful life events, they tended to have more 

moderate cortisol reactivity at Time 2 (i.e., the slope was relatively flat and no longer significant). Taken 

together with the finding that a lack of stressful life events, was associated with a decrease in cortisol 

reactivity and the occurrence of a stressful life event was not associated with a decrease in cortisol 

reactivity, this finding may suggest that individuals without any stressful life events demonstrated 

habituation and those who did experience stress did not.  

A future direction that stems from this interpretation relates to the observation that individuals 

with lower cortisol reactivity at Time 1 tended to continue to show lower cortisol reactivity at Time 2 

regardless of the presence of a potential moderator (as seen with both recent life stress and changes in 

anhedonia symptoms). As discussed previously, a more blunted cortisol response to stress has been 

hypothesized to be attributable to glucocorticoid desensitization, which can occur in the context of 

chronic stress. When examining the role of recent stressful life events on cortisol reactivity to stress, there 

are only a small number of previous studies and findings are mixed, with one study finding that stressful 

life events predicted lower cortisol reactivity (Reid, 2014) and two studies finding that stressful life events 



 

87 

 

were not significantly associated with cortisol reactivity (Heim et al., 2002; Rao et al., 2008). However, 

these findings did not include potential interactions with more chronic stress. Jaffee and colleagues (2015) 

examined cortisol reactivity to stress in children. They found that exposure to a recent stressful life event 

predicted an elevated cortisol response to stress, but only in children who had not experienced harsh and 

nonresponsive parenting prior to age three. In direct contrast, children who had experienced harsh and 

nonresponsive parenting prior to age three demonstrated low cortisol reactivity, even after experiencing a 

more recent stressful life event. Taken together with the findings from my study, this may suggest that 

individuals with a lower, or blunted, cortisol response to stress continue to demonstrate this pattern of 

reactivity regardless of other factors such as changes in anhedonia and more proximal stress. In contrast, 

there appeared to be more of a divergence based on moderating variables in the response patterns of 

individuals who had moderate and high cortisol reactivity at Time 1, and recent stress was associated with 

a lack of habituation to the stress task (i.e., this continued group showed elevated cortisol reactivity at 

Time 2). An interesting question for future research is to examine this directly using more complex 

models that can assess interactions between multiple variables, including baseline cortisol reactivity, 

depression severity, childhood maltreatment and other types of chronic stress, and more proximal stress. 

Section Summary 

 The present findings indicate that, overall, cortisol reactivity to stress was relatively stable 

between time points in that individuals generally demonstrated similarly reactivity at Time 1 and Time 2. 

Consistent with prior research examining repeated administrations of the same stress task, I also observed 

a significant decrease in cortisol reactivity between Time 1 and Time 2, which is consistent with a general 

habituation to the task. Further, my results indicated that static and historical factors did not moderate the 

predictive relation of, or change in, cortisol reactivity to stress over time; however, more proximal and 

dynamic factors were relevant. In particular, changes in anhedonia symptoms and exposure to recent life 

stress moderated the stability of cortisol reactivity to stress between Time 1 and Time 2, and exposure to 

recent life stress moderated changes in cortisol reactivity between Time 1 and Time 2. Specifically, in 
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participants with little change or an increase in anhedonia, or who had experienced at least one recent 

stressful life event, lower cortisol reactivity at Time 1 was predictive of lower cortisol reactivity at Time 

2. In contrast, in participants with a decrease in anhedonia, or who had not experienced a recent stressful 

life event, cortisol reactivity at Time 1 was not predictive of cortisol reactivity at Time 2. Finally, in 

individuals who had not experienced a stressful life event in the three months preceding Time 2, there was 

a significant decrease in cortisol reactivity between Time 1 and Time 2. In contrast, in individuals who 

did experienced at least one stressful life event in the three months preceding Time 2, there was no 

significant difference between Time 1 cortisol reactivity and Time 2 cortisol reactivity. The finding that 

changes in anhedonia, but not overall depression symptoms, was a significant moderator in the stability of 

stress reactivity provides support for the RDoC call to focus research on more homogenous and 

transdiagnostic behavioural phenotypes. Further, this suggests that changes in certain psychiatric 

symptoms can influence HPA reactivity to stress over time. Finally, these findings build upon prior cross-

sectional research on the relation between life stress and HPA axis functioning, and suggest that the 

occurrence of new stressful life events can alter the stability of HPA axis functioning over time. 

Moderators of the Relation Between Time 1 and Time 2 Reward Responsivity 

 The present study examined the role of several moderators of the stability and change in reward 

responsivity across two time points. The results for each moderator are in turn discussed below. 

Changes in Depression and Anhedonia Symptoms 

Response Bias 

In the present study, I found that although changes in depression and anhedonia symptoms did not 

moderate stability between Time 1 and Time 2 response bias, symptom changes were directly associated 

with response bias. Specifically, I found that that an improvement in depression and anhedonia symptoms 

predicted higher response bias scores and a worsening of symptoms predicted lower response bias scores. 

Further, changes in depression symptoms did moderate change in response bias over time. In individuals 

whose depression symptoms improved at Time 2, there was a significant increase in response bias 
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between Time 1 and Time 2. In contrast, in individuals whose depression worsened at Time 2, there was 

no significant change in response bias scores over time. This echoes the finding on the main effects of 

changes in depression symptoms and suggests that an improvement in depression symptoms over time is 

associated with higher response bias over time. 

As discussed previously, I also found that there was general stability in response bias over time, 

although there was some change over time and response bias scores generally improved at Time 2. Taken 

together with the results for depression and anhedonia symptoms, this pattern of findings suggests that 

although there is overall stability in response bias over time, response bias may also improve with 

repeated exposure to the same reward task and can be further influenced by changes in overall depression 

symptoms and overall anhedonia symptoms. Thus, perhaps an individual’s general level of response bias 

is somewhat “trait-like”, yet can still fluctuate in relation to depression and anhedonia symptomology. 

This is consistent with the overall pattern of findings in that emerges from prior literature on stability and 

changes in response bias over time. For example, Pizzagalli and colleagues (2005) reported that there was 

general stability in performance on the PRT at two time points. However, the results of a small number of 

studies have also suggested that performance on the PRT differs in depressed and non-depressed 

individuals (DelDonno et al., 2015) and that engaging in depression treatment can improve PRT 

performance (Vrieze et al., 2013). 

It is noteworthy that contrary to hypotheses, my findings on response bias were not specific to 

anhedonia and were also related to changes in overall depression symptoms. Although prior studies have 

reported that overall depression symptoms are relevant to reward responsivity (e.g., DelDonno et al., 

2015; Pechtel et al., 2013; Vrieze et al., 2013), research has also suggested that anhedonia has a 

particularly strong relation with reward responsivity (e.g., Vrieze et al., 2013). However, Vrieze and 

colleagues (2013) found that within MDD patients, high anhedonia was particularly associated with lower 

reward learning on the PRT as opposed to general response bias. This may indicate that anhedonic 

symptoms are of particular relevance to the learning component of the reward system and that other 
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features of depression, in addition to anhedonia, are relevant to components such as liking and wanting 

(which are more closely associated with average response bias on the PRT). For example, perhaps 

symptoms such as low mood, psychomotor retardation, and difficulty concentrating generally result in 

reduced engagement with the task, which ultimately leads to lower average performance. Empirically 

testing this hypothesis through a closer inspection of the differential roles that distinct depression 

symptoms may have in the functioning of reward responsivity is an important target for future research. 

The current study integrates prior research on stability and changes in the reward system in the 

context of depression and anhedonia over time and my study is the first to examine stability and change 

over a time interval longer than eight weeks. Overall, the pattern of my results suggest although there is 

general stability in response bias to rewards over time, changes in depression symptoms can result in 

corresponding changes in response bias.  

Reward Learning 

 In the present study, changes in depression and anhedonia symptoms were not directly related to 

reward learning at Time 2 over and above Time 1 reward learning. However, unlike the pattern of results 

observed with response bias, changes in anhedonia symptoms, but not overall depression, influenced the 

stability of reward learning over time. Specifically, in participants with little change or a decrease in 

anhedonia, lower reward learning at Time 1 was predictive of lower reward learning at Time 2 at a trend. 

In contrast, in participants with an increase in anhedonia, reward learning at Time 1 was not predictive of 

reward learning at Time 2. Additional follow-up analyses indicated that this pattern of results occurred 

even when controlling for changes in overall depression symptoms, suggesting that this effect is specific 

to changes in anhedonia over and above changes in overall depression. One possible explanation for this 

pattern of results relates to the characteristics of participants in the group whose anhedonia scores did not 

change or decreased (suggesting an improvement in symptoms). A more fine-grained examination of this 

group indicates that among the group of individuals whose anhedonia scores worsened, there was also a 

significantly higher proportion of individuals who experienced at least one recent stressful life event 
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(75%) compared to the group whose symptoms remained unchanged or improved (41%), χ2(1) = 6.04, p 

= .014. As discussed further below, I found that experiencing at least one recent stressful life event was 

associated with reduced stability of reward learning over time. Therefore, it is possible that the 

moderating role of changes in anhedonia in the stability of reward learning is further moderated by factors 

such as recent life stress. This hypothesis is supported by prior research that has established a link 

between stressful, anhedonia, and reward-related behaviour (e.g., Bogdan & Pizzagalli, 2006; Pizzagalli 

et al., 2007). A more comprehensive discussion on why recent life stress may be associated with a lack of 

stability in reward learning is provided below. 

Sex 

Contrary to hypotheses, sex was not associated with the stability reward responsivity, nor was it 

associated with changes in reward responsivity over time. Prior research examining performance on 

behavioural reward tasks such as the PRT have not reported sex differences in general performance (e.g., 

Lempert & Pizzagalli, 2010; Pizzagalli et al., 2005) or in stability and change (e.g., Pizzagalli et al., 2005; 

Vrieze et al., 2013). However, pre-clinical research using animal models has reported sex differences in 

reward responsivity and reward-seeking behaviour; particularly differences relying on external versus 

internal cues when seeking rewards (Hammerslag & Gully, 2013).  

These findings mirror those for cortisol reactivity to stress. It is possible that sex is simply not a 

moderator in the stability and change of reward responsivity over time; however, it is also possible that 

sex has a more complex relation with reward responsivity and is further moderated by other variables. For 

example, as discussed below, both childhood maltreatment and recent life stress significantly moderated 

the stability of reward learning. Due to small cell sizes, the present study combined all types of childhood 

maltreatment and all types of stressful life events instead of conducting more fine-grained analyses that 

examined the separate moderating role of different types of abuse and stress. As discussed previously, 

girls and women are exposed to certain types of stress (e.g., sexual victimization, interpersonal stressors) 

more frequently than men. Indeed, within the sample for the present study, a significantly higher 
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proportion of women reported a history of severe sexual abuse (35%) compared to men (0%), χ2(1) = 

6.86, p = .009. Therefore, it is possible that further interactions would emerge if more complex models 

were examined that incorporated both sex and other variables relevant to the stability of reward 

responsivity, such as childhood maltreatment and recent life stress. This may be the case particularly if 

these additional variables examined types of stress exposure that differ based on sex. Empirically testing 

these questions through further investigation into the role that sex may have in stability and changes in 

reward responsivity is an important target for future research. 

Childhood Maltreatment 

 My findings indicated that a history of childhood maltreatment significantly moderated stability 

in reward learning, but not response bias. Specifically, in participants with a history of severe childhood 

maltreatment, Time 1 reward learning positively predicted Time 2 reward learning. In contrast, in 

participants without severe childhood maltreatment, Time 1 reward learning did not predict Time 2 

reward learning. This finding contradicts my pattern of results for cortisol reactivity, where static and 

historical factors did not influence the stability of cortisol reactivity to stress but more proximal factors 

did. Given these results, I therefore hypothesized that perhaps proximal factors are more relevant to the 

stability of cortisol reactivity than static or historical factors. Although this may be the case for cortisol 

reactivity, my pattern of findings for reward learning suggests that this may not be true for the stability of 

reward responsivity over.   

Prior cross-sectional research has suggested that individuals who have experienced childhood 

maltreatment demonstrate lower behavioural reward responsivity and reduced activation in reward-related 

areas of the brain in response to reward cues (Dillon et al., 2009; Pechtel & Pizzagalli, 2013). However, 

to my knowledge no prior studies have examined the moderating role of childhood maltreatment in the 

stability of reward responsivity over time. It is possible that the previously established link between 

childhood maltreatment, a static and historical factor, and reduced reward learning later in adulthood 

(Dillon et al., 2009; Pechtel & Pizzagalli, 2013) is because maltreatment results in long-term trait-like 



 

93 

 

changes in reward responsivity. Thus, perhaps this trait-like change results in increased stability in reward 

responsivity over time, whereas in individuals with no history of severe maltreatment, reward 

responsivity is influenced by more proximal and dynamic factors, ultimately resulting in reduced stability 

between time points. This interpretation is tentatively supported by descriptive follow-up analyses, 

discussed further below, examining the finding that recent life stress moderated the relation between Time 

1 reward learning and Time 2 reward learning. 

Finally, it is noteworthy that childhood maltreatment was only a moderator of the stability of 

reward learning and not of response bias. When considering prior literature on different facets of the 

reward system (e.g., Berridge & Kringelbach, 2008), this suggests that early maltreatment may 

particularly influence the trait-like nature of the learning component of the reward system, and may have 

less influence on general liking and wanting. One possible explanation for this finding is that parental 

maltreatment may more strongly affect cognitions associated with learning (e.g., associations, 

representations, and predictions about future rewards based on past reward-related experiences) than 

liking or wanting. For example, if caregivers do not provide rewards at all or provide rewards in a highly 

inconstant manner (whether that be physical rewards such as food or social rewards such as affection), it 

is possible that this may result in trait-like alterations in psychological and neurological mechanisms that 

allow individuals to form predictions about how to obtain rewards, as well as the ability to modulate 

behaviour accordingly in order to obtain rewards. The specific mechanisms that may translate a history of 

childhood maltreatment into differences in reward learning are an important topic for future research. 

Stressful Life Events 

I found that exposure to at least one stressful life event within the three months preceding Time 2 

moderated the stability of reward learning, but (similar to childhood maltreatment), not response bias. 

Specifically, in participants who had experienced a recent stressful life event, Time 1 reward learning did 

not predict Time 2 reward. In contrast, in participants with no recent stressful life events, Time 1 reward 

learning positively predicted Time 2 reward learning. Given research suggesting that exposure to stress is 
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associated with reduced reward responsivity (Bogdan & Pizzagalli, 2006; Bogdan et al., 2011; Oei et al., 

2014), I expected that the occurrence of a recent stressful life event would act as a “disruptor” in reward 

responsivity and reduce its stability over time (i.e., individuals who had high reward learning at Time 1 

and who experienced a recent stressful life event would no longer necessarily have high reward learning 

at Time 2). My findings are generally consistent with this hypothesis. However, findings from descriptive 

follow-up analyses suggest that more historical stress in the form of childhood maltreatment may also be 

relevant to the role of recent stress on reward learning. Descriptive follow-up analyses indicated that 

when stratifying my recent life stress results by childhood maltreatment, this moderation only occurred in 

individuals without childhood maltreatment. In participants with a history of maltreatment, Time 1 reward 

learning significantly predicted Time 2 reward learning and recent life stress did not further moderate this 

relation. Returning to the interpretation of my childhood maltreatment results, this finding provides 

tentative support for the hypothesis that in individuals without childhood maltreatment, proximal factors 

can influence reward learning and result in reduced stability over time, whereas reward learning is more 

stable and trait-like in individuals with a history of maltreatment. However, more comprehensive 

modelling of these associations is needed in research with larger sample sizes before conclusions can be 

drawn about the role of stress in the stability of reward learning. 

It is noteworthy that, similar to childhood maltreatment, recent life stress was only a moderator of 

the stability of reward learning and not of response bias. The overall pattern of moderation effects in 

response bias appears to suggest that there is generally more stability in response bias over time than 

reward learning, and none of the moderators examined further influenced stability. In contrast, the 

stability of reward learning appears to be particularly associated with stress, whether historical 

experiences of maltreatment or a more recent stressful life event. Taken together, this may imply that the 

learning component of the reward system is particularly affected by stress, more so than general liking 

and wanting. Although not specific to reward learning, this hypothesis is supported by research 

suggesting that reinforcement-related decision-making can be influenced by cumulative life stress 
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(Friedel et al., 2017). Taken together with Berridge and Kringelbach’s (2008) discussion of different 

facets of the reward system, perhaps components of reward learning such as making associations, forming 

predictions, and appropriately modulating behaviour based on these associations and predictions are more 

easily influenced by stressful and adverse experiences than liking and wanting.  

Section Summary 

 The present findings on the stability of reward responsivity over time have several important 

implications. First, the differential patterns of results in response bias versus reward learning suggest that 

the reward system is complex and heterogeneous, which in turn highlights in the importance of future 

research that continues to evaluate different aspects of reward responsivity. I initially hypothesized that I 

would observe a similar pattern of findings for both reward responsivity parameters; however, I observed 

differences in the overall stability of, and changes in, response bias and reward learning as well as 

differences in variables that moderated stability and change. This observed heterogeneity is consistent 

with previous literature asserting that the reward system is multifaceted and reward-related behaviour 

ultimately involves multiple stages (Berridge & Kringelbach, 2007; Kring & Barch, 2014; Rizvi et al., 

2016). For example, as discussed above, Berridge and Kringelbach (2008) suggested that the reward 

system involves liking, wanting, and learning, and although these facets are related, they also have 

distinct characteristics and may be associated with different underlying neurological functions. A similar, 

though expanded, multi-faceted of the reward system was modified by Rizvi and colleagues (2016) and 

originally described by Kring and Barch (2014). In this model, reward was described as involving (1) 

building a stimulus-reward association, which leads to (2) interest or wanting a reward, (3) anticipation 

for the reward, (4) motivation to engage in activities to obtain the reward, (5) expending effort to engage 

in the activities necessary for obtaining the reward, (6) hedonic response (consummatory pleasure from 

receiving the reward), and (7) integrating this information to update reward presence and values. The 

authors assert that while it may be conceptually useful to view these as stages in a linear process, different 

facets of the reward process can also occur simultaneously and can influence one another. Overall, the 
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results of the present study suggest that it is important to focus research on a variety of aspects of reward 

responsivity in order to gain a comprehensive understanding of the long-term stability of the reward 

system. 

 The present study also suggests that an individual’s average response bias towards rewards may 

be relatively stable over time, and that this stability is not further influenced by other variables. However, 

a worsening of depression and anhedonia symptoms were independently predictive of lower response 

bias. Further, changes in depression symptoms moderated the change in response bias over time, such 

that in individuals whose depression symptoms improved, there was a significant increase in response 

bias at Time 2. In contrast, in individuals whose depression worsened, there was no significant change in 

response bias scores over time. Taken together, this suggests that response bias is generally stable but also 

be influenced by changes in depression and anhedonia symptoms. 

In the absence of moderators, reward learning appears to be less stable over time than response 

bias. However, moderating variables such changes in anhedonia and exposure to stress, both historical 

and recent, alter the stability of reward learning. As noted previously, more comprehensive modelling of 

these associations is needed in research with larger sample sizes in order to build our understanding of 

factors that can influence the long-term stability of reward responsivity. 

Covariation of Cortisol Reactivity and Reward Responsivity 

 Contrary to hypotheses, the results of my initial analyses did not suggest that there was 

covariation across the two time points. There is a growing body of research linking the stress and reward 

systems (e.g., Bogdan & Pizzagalli, 2006; Bogdan et al., 2011; Kúkel’ová et al., 2018; Lighthall et al., 

2012; Matthews & Robbins, 2003; Minami et al., 2017; Oei et al., 2014; Pohl et al., 2007; Willner, 2005). 

Further, prior literature has theorized that reward responsivity and stress reactivity may be correlated 

intermediate phenotypes that have related neural circuitry. One possible explanation for my initial null 

findings is that the small sample size in the present study resulted in underpowered multilevel modelling 

analyses, making it difficult to obtain statistically significant results. Therefore, additional descriptive 
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follow-up analyses were conducted examining the correlation between changes in cortisol reactivity and 

(a) response bias and (b) reward learning. The results of these analyses suggested that changes in cortisol 

reactivity were positively correlated with changes in reward learning, but not response bias, at a trend. 

More specifically, a decrease in cortisol reactivity over time was associated with a decease in reward 

learning over time. This finding is somewhat surprising, as the pattern of my other results appeared to 

suggest that a decrease in cortisol reactivity over time may be attributable to habituation, and I would 

have expected habituation to be associated with an increase in reward learning. However, an even more 

interesting pattern emerged when I stratified these findings by variables that I had found to be relevant in 

the stability and change of cortisol reactivity and/or reward learning (i.e., changes in anhedonia, 

childhood maltreatment, and recent life stress). I observed that this positive correlation appears to 

primarily occur in individuals with both a history of childhood maltreatment and exposure to at least one 

recent stressful life event. Although there were a small number of individuals in this group (n = 8) and 

results should be interpreted with caution, I observed a strong and statistically significant positive 

correlation between cortisol reactivity and reward learning (r = .92, p = .001). Further qualitative 

examination of the graphed data (see Figure 5.01) also suggests that this correlation is not attributable to 

extreme scores in a smaller number of individuals; instead, all eight individuals within this group fall 

along the linear fit line. This relation was not observed in individuals without the presence of both of 

these types of stress (n = 30; r = .12, p = .515). Prior research has suggested that people with both CM 

and recent life stress are at highest risk for a blunted cortisol response to stress than individuals without 

either risk factor or with only one risk factor (e.g., Jaffee et al., 2015). Further, prior research has 

suggested that childhood maltreatment is associated with blunted responses to reward cues (e.g., Dillon et 

al., 2009; Pechtel & Pizzagalli, 2013). In the present study it is difficult to distinguish cortisol reactivity 

“habituation” from “blunting”, and both conclusions ultimately rely on theoretically-based interpretations 

of the data. However, given that the present finding occurred only in individuals who have been suggested 

by prior research to be at high risk for blunted cortisol reactivity, this finding may suggest that within this 
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group a blunting in cortisol reactivity to stress over time (perhaps associated with experiencing 

glucocorticoid desensitization as a result of the combined effect of recent stress in addition to historical 

maltreatment) is associated a reduction in reward learning. It is beyond the scope of the present study to 

disentangle cortisol blunting from cortisol habituation, and the present interpretation is based on 

descriptive follow-up analyses conducted with a limited number of participants. However, these findings 

may suggest that the stress and reward systems do covary over time and that this may be moderated by 

variables such as childhood maltreatment and stress. Addressing this question in studies with larger 

sample sizes better suited to disentangle these complicated effects remains an important target for future 

research. 

Figure 5.01 

Correlation Between Cortisol Reactivity and Reward Learning in Individuals with a History of Severe 

Maltreatment and with Exposure to a Recent Stressful Life Event 

                 

Note. In individuals with both a history of severe maltreatment and exposure to at least one recent 

stressful life event, a decrease in cortisol reactivity over time was associated with a decrease in reward 

learning over time (r = .92, p = .001). 

 
With regards to my null findings with response bias and in my initial correlated slopes analyses, 

an alternative explanation is that the stress and reward systems may be linked, but may not actually 
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covary over time. Descriptive follow-up analyses in the present study indicated that depression status at 

Time 1 prospectively predicted cortisol reactivity at Time 2; however, depression status was not 

associated with current stress reactivity at Time 1 or Time 2. This may suggest that changes in depression 

symptoms can precede changes in stress reactivity. In contrast, prior research has found the opposite 

pattern for reward responsivity, such that changes in reward-related behaviour precede the onset of a 

depressive episode (e.g., Bress et al., 2013; Pechtel et al., 2013). Therefore, although these systems may 

be related and may both be altered in the context of depression, changes in these systems may not occur in 

sync, and therefore the stress and reward systems may not co-vary over time. 

Strengths and Limitations 

 This study had a number of strengths. First, we were the first to investigate the relation between 

the reward system and the biological stress response system by using a behavioural measure of reward 

learning and a gold standard laboratory stress test. Additionally, instead of only looking at depressive 

symptoms, this study included a never-depressed group and a group of participants who met diagnostic 

criteria for MDD. Further, the present sample represented a wide range of depression symptom severity, 

from mild symptoms to severe and clinically significant symptoms.  We also assessed both childhood 

maltreatment and recent life stress using a rigorous contextual interview instead of relying on 

questionnaires. In the absence of an interview, questionnaires can be more prone to retrospective errors. 

Finally, this study included a longitudinal design, which allowed me to add to the previous literature on 

the stability of the stress and reward systems through examining within-subject differences over two time 

points. 

 Nevertheless, the results of the present study should be interpreted within the context of some 

limitations. First, the sample size was smaller than anticipated, particularly after accounting for study 

attrition and after the exclusion of participants who did not meet quality control criteria. This affected the 

power of analyses and made it difficult to examine more comprehensive statistical models. In particular, 

several analyses in the present study would have benefited from a multilevel modelling statistical 
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approach that accounted for multiple moderating variables within the same model; however, this was 

ultimately not possible due to the sample size. A second limitation is that the present study included a 

community volunteer sample that was relatively homogenous in terms of ethnicity (70% Caucasian) and 

was skewed toward a lower age (Mage = 33.42). Third, although both the CECA and the LEDS use 

independent ratings which helps to reduce depressive recollection biases, these measures ultimately relied 

on retrospective self-reports. Although interview-based assessments are less prone to retrospective error 

than questionnaires, these measures are still susceptible to some error and recollection biases. Fourth, 

although this study was the first to look at the stability of reward responsivity across a time period longer 

than approximately eight weeks, this study still ultimately relied on only two time points. Having more 

than two time points would have been important in gaining a more comprehensive understanding of 

stability and change in the stress and reward systems over time, and this is an important consideration for 

future research in this area. As a result, the conclusions of the present study are ultimately based on a 

relatively short time period and it is unclear to what extent these findings may generalize to stability and 

changes in the stress and reward systems over a period of years. Finally, this study examined the stability 

of reward responsivity during the recovery period of exposure to an acute social evaluative stressor. Thus, 

it is important to acknowledge that these findings may not be generalizable to reward responsivity in other 

contexts. 

Conclusions 

 There are four major take-home findings from the present study. First, my findings provide 

evidence that there is some stability in cortisol reactivity to stress and in both parameters of reward 

responsivity. However, the degree to which these are stable is influenced by other factors, particularly 

those relating to changes in mental health and exposure to stress (historical and more recent). Second, 

anhedonia was particularly relevant to the stability of cortisol reactivity and reward learning, more so than 

overall depression symptoms. This highlights the value of focusing research on more homogenous 

intermediate phenotypes as opposed to broader diagnostic categories. Third, I observed a very different 
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pattern of findings between my two parameters of reward responsivity. This is in line with research 

suggesting that the reward system is multi-faceted and complex. Further, this indicates that different 

facets of the reward system are distinct in terms of their stability over time and relation to depression and 

stress, and therefore future research needs to independently examine different aspects of reward-related 

behaviour. Finally, although the findings on the relation between cortisol reactivity and reward learning 

should be interpreted with caution, the pattern of results may suggest that the stress and reward systems 

do covary to some extent and that their relation depends on additional moderating variables. 

In conclusion, the long-term stability of the stress and reward systems, particularly in the context 

of depression, remains an important research target for understanding the development, maintenance, and 

etiology of MDD. The present study provided an important foundation in identifying factors that may be 

relevant in altering the stability of cortisol reactivity to stress and behavioural reward responsivity, 

particularly changes in anhedonia symptomatology and exposure to stressful life events. It will be 

important to conduct prospective, longitudinal research that will shed further light on developmental and 

temporal changes in the stress and reward systems and examine how this is linked to psychopathology. 
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Appendix B 

Consent Form 

Stress sensitization and reward responsivity in major depression 

 
Information/Consent Form 

 
Background 
You are invited to participate in a research project conducted by Dr. Kate Harkness (Principal 
Investigator), Department of Psychology; Dr. Roumen Milev, Department of Psychiatry; Dr. Linda Booij, 
Department of Psychology; and Alina Marin, Department of Psychiatry, all at Queen’s University; as well 
as Dr. Katherine Wynne-Edwards, Faculty of Veterinary Medicine at the University of Calgary. The goal 
of this project is to learn more about the different ways in which people process information that is 
stressful and rewarding, and how abnormalities in these two processes are related to depression.  This 
study is supported by a grant from the Ontario Mental Health Foundation. 
 
This study has been reviewed for ethical compliance by the Queen’s University Health Sciences and 
Affiliated Teaching Hospitals Research Ethics Board. 
 
What is involved? 
You will be asked to participate in two 2.5-hour sessions separated by a week at either Providence Care, 
Mental Health Services, or Hotel Dieu Hospital. At the first session you will be asked to complete a 
packet of questionnaires about your mood and to take part in an interview about your mood, medications, 
drug use, and any other symptoms, as well as an interview about your relationships with your parents and 
any experiences of abuse. At the second session you will be asked to give a brief speech about yourself 
and to complete a brief arithmetic test. The speech and arithmetic test will take approximately 10-15 
minutes. The purpose of them is to allow us to measure a hormone called cortisol that is secreted during 
stress. Therefore, over the course of this second session (the speech, test, and a recovery period of 
relaxation) you will be asked to provide eight saliva samples. For each sample you will be given a small 
sterilized test tube into which you will spit a small amount of saliva. At the end of the session you will 
also be asked to complete a task on the computer that involves looking at cartoon faces and making 
decisions about them. You will receive $50 for your participation to compensate you for your time in 
attending the sessions. 
 
Will the information be kept confidential? 
All questionnaires and interviews you complete will be identified with a code number and your name will 
not be on any of this material. All information you provide at the interview and on the questionnaires is 
confidential and will not be shared with anyone. However, if you are in treatment for depression this 
information may be shared with your treatment provider(s) with your consent. We may not be able to 
guarantee confidentiality under the following three conditions: 1) if you reveal that you have abused 
children or elderly people; 2) if you reveal that children under 16 have been physically or sexually abused 
or neglected by others; or 3) if you reveal threat to seriously harm yourself or others. In these conditions 
we may need to disclose information to the proper authorities. 
 
The interviews will be audiotaped and your speech will be videotaped. This is to enable the interviewer to 
code your responses at a later time. There is a risk of re-identification from voiceprint and/or visual 
images from the tapes and, therefore, absolute confidentiality cannot be ensured. We will minimize this 
risk by ensuring that the tapes are only identified by a code number and your name will not be associated 
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with the tapes. Further, all tapes will be stored digitally on a secure, password-protected computer server 
in the Principal Investigator’s locked lab at Queen’s University. Once we have coded the tapes they will 
be deleted from the server. The tapes will not be used for any purpose other than coding for data directly 
related to this study.  
 
The saliva samples will be identified only by a code number. The saliva samples will be mailed from 
Kingston to Dr. Wynne-Edwards’ secure, locked lab at the University of Calgary for processing and will 
be stored there in a freezer. The stored hormone material will be kept until our research is finished. No 
samples will be kept for more than 24 months. No genetic testing will be done on the saliva samples. 
 
Your name will be stored in a master file that matches it to your code number in in a password protected 
computer file on a secure, password-protected server in Dr. Harkness’ secure, locked lab at Queen’s 
University. 
 
Results from this study may be presented at meetings and may be published. Your name and identifying 
information will not be given out at these presentations or in any publications. Your study records may be 
reviewed by the investigators and/or their representatives, the Queen’s University Health Sciences and 
Affiliated Teaching Hospitals Research Ethics Board for this study, or other regulatory authorities to 
verify that study procedures are carried out correctly and data is being managed correctly. 

 
What are the risks? 
There is a possibility that you may feel uncomfortable with the kind of information we ask for. You may 
also feel stress and/or psychological discomfort by participating in the speech and arithmetic test. You are 
free to stop participating at any time by letting the interviewer know. If you experience any psychological 
discomfort or distress from participating in this study you may let the interviewer know. If your 
psychological discomfort or distress continues or worsens after leaving the session you should contact 
your treatment provider or the 24-hour Crisis Line at 613-544-4229. 
 
There are no risks to providing the saliva samples. 
 
Are there any benefits? 
Please be reminded that this project is strictly for research and will not include any treatment intervention. 
Therefore, we cannot guarantee that you will receive any personal benefit from participating in this study. 
However, your participation will be helpful in learning more about depression. You are free to stop 
participating at any time with no penalty.  
 
How will I be informed of the results? 
We will be happy to go over the results of the interviews and questionnaires with you. In addition, if you 

are currently in treatment for depression, with your signed consent, the results of the interviews and 

questionnaires will be shared with your clinician. 

 
What are my rights as a participant in this study? 
Your participation is voluntary. Your decision whether to participate or not participate will not affect your 
treatment in any way or affect your relationship with Queen’s University, Providence Care Mental Health 
Services, or Hotel Dieu Hospital. If you decide to participate you will be free to withdraw your consent 
and discontinue participation at any time. If you withdraw from the study, your interview and 
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questionnaire material, as well as any samples you provided, will be destroyed to ensure your 
confidentiality. 
 
Who should I contact if I have questions? 
If you have any questions about your participation in this project at any time, please feel free to contact 
Dr. Kate Harkness at 613-533-2886, Dr. Roumen Milev at 613-546-1101, or the Head of the Department 
of Psychology, Queen’s University (613-533-2494). If you have questions regarding your rights as a 
research participant, please contact Dr. Albert Clark, Chair of the Queen’s University Health Sciences and 
Affiliated Teaching Hospitals Research Ethics Board at (613) 533-6081. You will be given a copy of this 
form to keep.  

Agreement to Participate 

 

I, _______________________________, have read the consent form and all conditions of this study 

entitled “Stress sensitization and reward responsivity in major depression”. I give consent and I 

understand that I can withdraw my consent to participate in this study at any time.  

I am voluntarily signing this form. By signing this form I agree to participate in this study. I will be given 

a copy of this form to keep. 

 

Research participant  

 

Signature: _______________________   

 

Date: ___________________________ 

 

Name: __________________________ 

 

 

Person Conducting the Consent Process: 

Signature: ________________________ 

Date:____________________________ 

 

Name:___________________________ 
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By signing below I agree to be contacted about future research studies conducted by the current study 
investigators that I may be eligible for. I understand that I am free to refuse participation in any study for 
which I am contacted. 
 
Signature: _______________________   

 

Date: ___________________________ 

 

Name: __________________________ 
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Appendix C 

Sample CECA Interview Questions 

1. RELATIONSHIP WITH PARENT FIGURES 
 
MOTHER     How well did you get on with your mother?  
              Were you close?   
 
(AFFECTION)  Was she affectionate towards you? 
   How would she show it? Did you ever wish she were more affectionate? 
 
(COMPANION-  Did your mother spend much time with you when you were little? 
SHIP)         Did you enjoy this time? 
   What sort of things did you do together? Were there any special activities or games? 
         
                    Could you have a laugh together? 
 
ANTIPATHY           Was she hard to please? 
   IF YES: In what sort of way? 
   Was she very critical of you? 
   Was she ever cold and distant? 
   Did you ever feel she didn't want you or didn’t like you? 
   Did she ever say anything rejecting? What sorts of things would she say? 
   How often would she say these things? 
           Did you argue much with her? What about? How often? 
                   
                   Did she ever push/slap/hit you? 
                    How often did this happen?          (Skip to physical abuse section if necessary) 
                   
 Was your relationship the same when you were younger? Did it change at all over childhood? 
     IF YES: When was that? In what way did it change? Why do you think that was? 
 
 
FATHER    What was the relationship with your father like? 
  Were you close to him? Was it a different relationship from that with your mother? 
 
          Was he affectionate towards you? 
             How did he show it? Did you ever wish he was more affectionate? 
 
 
  Did your father spend much time with you? 
  What sort of things did you do together? What about times when he wasn't working? 
 
ANTIPATHY  Was he hard to please? 
   IF YES: In what sort of way? 
   Was he ever very critical of you? 
   Was he ever cold and distant? 
   Did you ever feel he didn't want you around or didn’t like you? 
   Did he ever say anything rejecting? What sort of thing? How often? 
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          Did you argue much with him? 
             What about? How often? When did that start? 
 
                  Did he ever push/slap/hit you? (Skip to physical abuse section if necessary)                   
 
   Was your relationship the same when you were younger? Did it change at all over childhood? 
     IF YES: When was that? In what way did it change? Why do you think that was? 
 
RELATIONSHIP      How well did you get on with your brother(s) and sister(s)? 
WITH SIBLINGS Did you enjoy spending time with them? What sort of things did you do together? 
 
FAVOURITISM  Were there any favourites in the family? 
   IF YES; Who is that? In what way are they favoured? By mother or father? 
   Was that any different when you were younger? In what way? 
 
SCAPEGOATING Did any one of the children get picked on more than the others? 
   IF YES: Who? In what way? Which parent did that?    
 
PARENTAL   Did you feel your parents always have time for you and take an interest? 
INDIFFERENCE Could you go to them if you are upset or unhappy? Were they usually helpful? 
    
   Was that the same for your mother and father? 
   IF NOT: Which one took more interest?  In what way?  
    
(BIRTHDAY)  Did you parents always remember your birthday? 
   Did you celebrate it in some way? 
  
(MATERIAL CARE) Did your parents take good care of your material needs?     
   For example washing your clothes and cooking your meals? 
   Were you expected to do any of that yourself as you got older? 
   Did you always have enough to eat? 
 
(SCHOOL)  Were your parents keen for you to do well at school? 
   Did they give you guidance in choosing courses? 
   Were they satisfied with your achievements? 
 
             Did they take an interest in your choice of career? 
 
 
(ILLNESS)  If you were ill and had to take time off school who would look after you? 
   Were your parents particularly caring if you were ill? Was that both of them? 
   Did you get any special treatment if you were ill? What sort of thing? 
 
CHANGES Did your parents changed at all in the amount of interest they showed in you as you got 

older? 
                    IF YES: In what way? 
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Appendix D 

Sample LEDS Interview Questions 

SECTIONS 

I. Health  

II. Role Changes 

III. Leisure and Interaction 

IV. Housing 

V. Employment and School 

VI. Money 

VII. Marital/Romantic Relationships 

VIII. Other Relationships 

IX. Children (if applicable) 

X. Crisis 

XI. Forecasts 

XII. General 

 

GENERAL INSTRUCTIONS  

A.   Once an event has been established, question in detail about incidents leading to it, or stemming from 
it, and decisions preceding it. Establish what the status of the event is after two weeks.   

B.   Once an event has been established, question in detail about the DATE of the event. Try to narrow 
each event down to at least the month & then try to find out if it happened more toward the 
beginning, middle, or end of the month.   

C.   Make sure to relate each event to: 1) change-points in difficulties, 2) other related events or 
difficulties.   

D.   Establish in detail the nature of all ongoing difficulties. Establish the status and dating of change 
points. Remember that you may need to go back three to five years to establish the status of a 
particular difficulty.   

E.   Make sure the respondent knows the range of people included in the terms ‘close relatives’ and ‘close 
friend’. Remind them from time to time during the interview both about these terms and about the 
time period.   

F.  THE INTERVIEWER MUST USE JUDGEMENT ON THE QUESTIONS ASKED AND HOW 
WORDED.   

 

SECTION I. HEALTH  

Has anyone in the family been ill?  

What about you? Your husband, children or parents, etc.? 	 
What was the illness? 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When was it diagnosed? 	 
How serious was it?  
What were the symptoms? 	 
Did they take any medication for it? Are they still?  
Any other treatments (surgeries, radiation,etc.)?  
Hospital stay?  
What is the prognosis? 	 
Anyone off of work because of it? For how long?  
Changes in lifestyle, diet, etc.? 	 

Has anyone been admitted to or left the hospital during the time period?  
Who?  
When did that occur?  
For what illness?  
Medical tests or procedures done?  
Surgery? Was it inpatient or outpatient? Local or general anesthetic?  
What changes were involved for you? Did your daily routine change at all? Did you have additional 
responsibilities? If someone outside household, how involved were you? 
What is the medical outlook? If someone outside household, how involved were you?  

Have any relatives or close friends died?  
Who?  
What of?  
When did this occur? 	 
How close were you to ____?  
Were you involved at all?  
Did you expect it? 	 
Were you present? 	 
Did you attend the funeral/service? Was this the first time you have attended a funeral?  

Have you received any bad news during the time period about an illness that's been going on for 
some time?  
Whose illness?  
When did you get the news?  
What was the news?  
New prognosis?  

 

 



 

126 

 

Appendix E 

TSST Script (Time 1) 

 

Speech Task – Job Interview 
 

START STOPWATCH 
 
 Introduction: (Read by interviewer) 
 
“This is [Ann] and [Katherine]. They are from the human resources department at the hospital and have 
been very generous in volunteering their time to help us with this part of the study. They’ll provide the 
instructions for this task.” 
 
Instructions: (Read by panel member) 
 
 “Listen carefully to these instructions; you will not be given an opportunity to ask questions.  
Imagine that you are applying for a job in customer service.  I am the Director of Customer Relations at 
the company where you are applying, and I have raised several concerns.  The first is that you were fired 
from your last job and you will now have to convince me that you are still a good candidate.  The second 
is that, based on a review of your application, I believe you may not have all the skills required to do this 
job. More specifically, I am skeptical about your level of experience.  You must now convince me that 
you are the ideal candidate and I should hire you.   
At the end of these instructions, you will be given several minutes to prepare a statement to convince my 
colleague (gesture to colleague), who would be your direct supervisor, and me (slight pause) that you are 
the right person for the job. Following this preparation period, you will come back into the room to 
present your statement. My colleague and I will be using our experience to evaluate you in a number of 
ways, to help determine if you are the right person for the job. Further, we will be video recording your 
statement for later analysis in the study. The recording will be used to assess your ability to maintain a 
professional demeanor under stress, including analyzing body language. You will be given 5 minutes to 
speak, and you must utilize the full 5 minutes.  I will tell you when this 5-minute period is over. 
Remember, you must be as convincing as possible in order to be hired.  We also ask that you maintain eye 
contact with us throughout the task. 
The interviewer will be here in the room to make sure everything goes smoothly, but please do not talk to 
anyone during the preparation period, and please do not ask any questions during your statement.  Also, 
keep in mind that we will not provide you with any feedback during the task. You may feel the urge to 
use your hands when you begin to speak, but again, please bear in mind your body language will be 
analyzed.  
You now have several minutes to prepare your statement.” 
 
[Interviewer escorts the participant out of the room to prep] 
 
10:00 TSST: [Participant re-enters the room]  
 
[Panel turns on the video camera]  
“You will now deliver your statement. Please remember to remain as still as possible. Please go ahead.” 
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Prompts:  
•   If there are prolonged pauses in speech, use: “Please continue, you still have time remaining” or 

“Please continue with your statement” or “Please go on.” [1st time: 10 seconds; 2nd time: 20 
seconds; 3rd time: go straight to questions] 

•   If participant fails to maintain eye contact, use: “Please maintain eye contact.” [10 seconds] 
•   15:00: say, “You may stop; this task is over.” 

 
 
  

Arithmetic Task 
 
(Read by panel member) 
“You will now participate in a mental arithmetic task. For this challenge, you will be given a number 
from which you must continuously subtract 13 as quickly and accurately as possible. If you make a 
mistake, we will point it out and ask you to start again. I will let you know when this task is over. Please 
count aloud backwards from 2083 in steps of 13. You may begin now.” 
  
2083 
2070 
2057 
2044 
2031 
2018 
2005 
1992 
1979 
1966 
1953 
1940 
1927 
1914 
1901 
1888* 

1875 
1862 
1849* 
1836 
1823 
1810 
1797 
1784 
1771 
1758* 
1745 
1732 
1719* 
1706 
1693 
1680 

1667 
1654 
1641 
1628* 
1615 
1602 
1589* 
1576 
1563 
1550 
1537 
1524 
1511 
1498* 
1485 
1472  

 
Prompts:  

•   If participant says any calculations aloud, say, “Please perform all calculations in your head and 
say only the number.” 

•   If participant fails to maintain eye contact, use: “Please maintain eye contact.”  
•   [10 seconds] 
•   If participant is taking too long to calculate, say, “Please calculate more quickly” or “Faster 

please.” (faster than 1 answer per 5 seconds) 
•   If participant is doing well with the task, say, “Please hurry” or “You’ve made a mistake. Please 

start again from 2083.”  Note: Asterisks (*) represent good places to tell a participant she has 
messed up and needs to start again. 

•   If a participant has memorized first numbers (1 answer per second), start at stuck point. 
•   When the timer reads 20:00, say, “You may stop; this task is over.  

  



 

 

126 

 

Appendix F 

TSST (Time 2) 

Speech Task – Shoplifting 

 

START STOPWATCH 

 

 Introduction: (Read by interviewer) 

 

“This is [Sara] and [Allison]. Like the interviewers who helped out with the study last visit, they are from the human 

resources department at the hospital and they have generously offered to help us with this part of the study by 

providing their expertise. They’ll provide the instructions for the task today.” 

 

Instructions: (Read by panel member) 

 

 “Listen carefully to these instructions; you will not be given an opportunity to ask questions.  

Imagine that you have been apprehended and detained by security under the suspicion of shoplifting from a large 

department store. We are members of the department store’s Retail Loss Prevention unit who decide whether to take 

the case to the police. The case that is being built against you is quite strong. A store clerk has submitted a statement 

indicating that he saw you put some merchandise into your purse. When your personal belongings were searched, 

they found the item in your possession. You know that you are not guilty, but security is convinced that you 

committed a crime. 

At the end of these instructions, you will be given several minutes to prepare a statement to convince us of your 

innocence. Following this preparation period, you will present your statement to my colleague and I. In addition, we 

will be video recording your statement so that we can better determine whether or not you are innocent. You will 

have 5 minutes to speak, and you must utilize the full 5 minutes. I will tell you when this 5-minute period is over. 

Remember, you must be as convincing as possible in order to persuade us not to take the matter any further. We also 

ask that you maintain eye contact with us during your speech. 

The experimenter will be here in the room to make sure everything goes smoothly, but please do not talk to anyone 

during the preparation period, and please do not ask any questions during your statement.  Also, keep in mind that 

we are not able to provide you with any feedback during the task. You may feel the urge to use your hands when 

you begin to speak, but again, please bear in mind your body language will be analyzed. 

You now have several minutes to prepare your statement.” 

 

 [Interviewer escorts the participant out of the room to prep] 

 

10:00 TSST: [Participant re-enters the room]  
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[Panel turns on the video camera]  

“You will now deliver your statement. Please remember to remain as still as possible. Please go ahead.” 
 

Prompts:  

•   If there are prolonged pauses in speech, use: “Please continue, you still have time remaining” or “Please 
continue with your statement” or “Please go on.” [1st time: 10 seconds; 2nd time: 20 seconds; 3rd time: go 
straight to questions] 

•   If participant fails to maintain eye contact, use: “Please maintain eye contact.” [10 seconds] 
15:00: say, “You may stop; this task is over.” 

 
 
 

Additional Interview Questions 
(Read by panel member) 

If participant’s statement was less than 5 minutes, and if not already covered in speech  

Stop additional question period when timer reads 15:00.  

•   Explain how it is possible that these items were found in your purse, yet you claim to be innocent. 
•   Explain how it is possible that the store clerk saw you put something in your purse, yet you claim to be 

innocent. 
•   If you were a store clerk and saw someone putting something in his or her bag or purse, what would you 

do? 
o   How certain would you have to be before doing something like that? 
o   How certain do you think the store clerk was that saw you? 

•   Do you believe the store clerk is a liar? What makes you say that? 
•   What would you say to the store clerk if you had a chance to speak with him/her? 
•   If you were found guilty, what do you think your punishment or sentence should be? 
•   If found guilty, how do you think this decision would affect how your family and friends perceive you? 

What about co-workers or your boss, if they found out? 

Prompts:  

•   If participant fails to maintain eye contact, use: “Please maintain eye contact.” 
 

At the end of the 5-minute statement, when the timer reads 15:00, say, “You may stop; this task is over.” 
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Arithmetic Task 
(Read by panel member) 

 

 
You will now participate in a mental arithmetic task. For this challenge, you will be given a number from which you 

must continuously subtract 13 as quickly and accurately as possible. If you make a mistake, we will point it out and 

ask you to start again. I will let you know when this task is over. Please count aloud backwards from 3987 in steps 

of 13. You may begin now. 

3987 

3974 

3961 

3948 

3935 

3922 

3909 

3896 

3883 

3870 

3857* 

3844 

3831 

3818* 

3805 

3792 

3779 

3766 

3753 

3740 

3727* 

3714 

3701 

3688* 

3675 

3662 

3649* 

3636 

3623 

3610 

3597 

3584 

3571 

3558* 

3545 

3532 

3519* 

3506 

3493 

3480 

3467 

3454 

3441 

3428* 

3415 

3402 

3389* 

3376 

Prompts:  

•   If participant says any calculations aloud, say, “Please perform all calculations in your head and say only 
the number.” 

•   If participant fails to maintain eye contact, use: “Please maintain eye contact.”  
[10 seconds] 

•   If participant is taking too long to calculate, say, “Please calculate more quickly” or “Faster please.” (faster 
than 1 answer per 5 seconds) 

•   If participant is doing well with the task, say, “Please hurry” or “You’ve made a mistake. Please start again 
from 2083.”  Note: Asterisks (*) represent good places to tell a participant she has messed up and needs to 
start again. 

•   If a participant has memorized first numbers (1 answer per second), start at stuck point. 
 

When the timer reads 20:00, say, “You may stop; this task is over.”  

 
 


