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CHAPTER I: INTRODUCTION 

 There is a well-established link between stressful events and depression, including 

postpartum depression (PPD; Goldstein et al., 2020; LeMoult et al., 2020; Martin et al., 2018). 

Birth-related stressors (e.g., significant deviations from birth plan) are a common type of stressor 

that may precede PPD and include experiences prior to, during, or immediately following 

childbirth that are likely to be stressful for women (Simpson & Catling, 2016). Exposure to birth-

related stressors is common and includes labor challenges, emergency interventions that violate 

expectations, and the need for intensive medical treatments (Betrán et al., 2016; Dunn et al., 

2015; Goldenberg et al., 2008). Birth-related stressors can lead to a range of lasting 

psychological and physical health problems, including sexual dysfunction, fear of subsequent 

pregnancies, and postpartum psychopathology (e.g., PPD; Simpson & Catling, 2016). Further, 

birth-related stressors can disrupt mother-infant bonding, which may contribute in part to 

impaired child development (Fuchs et al., 2016; Simpson & Catling, 2016). Given the profound 

effects of birth-related stressors on the well-being of mothers and infants, there is a critical need 

for research on risk factors that may inform processes to target in the promotion of health for 

mothers after exposure to birth-related stressors. 

Risk Factors for Birth-Related Stressors 

 Several contextual factors are thought to increase pregnant peoples’ risk for experiencing 

birth-related stressors. There is evidence that a history of depression, including depression across 

pregnancy, may increase the likelihood of birth-related stressors (e.g., birth complications; 

Accortt et al., 2015; Alder et al., 2007). For example, results of a systematic review of the 

literature on depression and pregnancy suggest that depressive symptoms during pregnancy are 



 

 2  

 

associated with greater birth complications independent of other biomedical risk factors (Alder et 

al., 2007). The link between depressive symptoms and medical risk factors is theorized to partly 

be a consequence of the increased hypothalamic-pituitary-adrenal axis activity observed in 

individuals with major depression (Banki et al., 1992). Additional evidence points to a history of 

traumatic events (e.g., childhood sexual abuse), especially regarding their impact on symptoms 

like intrusive thoughts and avoidance, as an important risk factor for birth-related stressors (e.g., 

a high-risk pregnancy, delivery complications; Lev-Wiesel et al., 2009). There is also evidence 

that lower socioeconomic status is associated with increased risk of birth-related stressors (e.g., 

adverse pregnancy outcomes, preterm delivery, cesarean delivery; Kim et al., 2018). Finally, 

racial disparities in birth experiences are well-established, with Black women, compared to 

White women, experiencing higher rates of premature birth and dangerous complications during 

childbirth (Rawlings et al., 1995; Singh, 2020). Depression and trauma history, as well as race, 

are critical contextual factors in the study of birth stress and women at risk for PPD. Although 

there is evidence linking these contextual factors with specific types of birth-related stressors 

(e.g., premature birth), research has yet to determine how these factors impact the overall 

severity of birth-related stressors. 

The Role of Birth-Related Stressors in Postpartum Depression 

 Approximately one million US women that give birth annually meet criteria for PPD 

(Gavin et al., 2005). In new mothers, PPD is associated with functional impairments, severe 

distress, and disturbances in mother-infant relationships (Lindahl et al., 2005; Pearlstein et al., 

2013; Posmontier, 2008). PPD is also associated with a range of adverse outcomes for infants, 

such as impairments in cognitive and emotional development (Feldman et al., 2009; Righetti-

Veltema et al., 2003; Zou et al., 2019). Although birth-related stressors present as risk factors for 
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PPD, many women endorsing these stressors, do not necessarily develop and meet criteria for 

PPD (Bay & Sayiner, 2021; Chen et al., 2022; Simpson & Catling, 2016). This raises the 

question of which factors are likely to increase some women’s susceptibility to PPD. Given the 

profound effects of PPD on both mothers and infants, identification of underlying processes 

driving risk, as well as objective assessments of birth-related stressors, are needed to inform 

prevention efforts. 

Objective Assessments of Birth-Related Stressors  

Nearly half of women giving birth endorse experiencing birth-related stressors (Bay & 

Sayiner, 2021). However, no gold standard method currently exists to capture dimensions of 

birth-related stressors. Rather, many existing self-report questionnaire instruments (e.g., City of 

Birth Trauma Scale Questionnaire, Perinatal Post Traumatic Stress Disorder Questionnaire) 

focus on identifying symptoms (e.g., unwanted memories) or responses (e.g., disappointment) to 

birth these stressors rather than specific aspects of the experience itself (Akik & Batigun, 2020; 

Ayers et al., 2018). Participants’ states (e.g., sleep deprivation) and traits (e.g., high in 

neuroticism) can bias participants’ responses. Thus, the measures taken from these instruments 

can be problematic when the construct of theoretical interest is objective exposure to birth-

related stressors (Harkness & Monroe, 2016). 

To further clarify existing literature on the effects of objective experiences of birth-

related stressors, I conducted a systematic review of literature and meta-analysis on the 

associations between birth-related stressors and PPD (Cárdenas, et al., in prep). Five categories 

of stressors emerged from the review (i.e., cesarean, emergency cesarean, laceration, pain, 

preterm birth). The narrative review and meta-analysis support an overall association between 

birth-related stressors and rates of depressive disorder in the postpartum period with a small 
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effect size. All categories but laceration were significantly associated with depression and effect 

sizes were generally small. Overall, our results support the conclusion that an association exists 

between types of birth-related stressors and rates of PPD. The majority of the studies relied on 

birth records detailing which procedures (e.g., cesarean section) and events (e.g., preterm) were 

experienced by participants. However, these studies were unable to provide more details about 

the context (e.g., emergency cesarean did not allow family to be present at birth) and variability 

(e.g., was unable to have intended physician present for birth) for the procedures and events.  

Interview-derived approaches for assessing stressful exposures would allow researchers 

to evaluate those exposures within the context of individuals’ circumstances (Harkness & 

Monroe, 2016). The Birth Experience Interview (BEI) protocol was developed to address this 

challenge (Harkness et al., 2013). In the BEI, interviewers rate multiple dimensions of birth-

related stressors, including: (a) overall severity of the entire birth experience, (b) violation of 

expectations for the birth, and (c) loss of control. Interview-derived measures, such as the BEI, 

are able to gather both events (e.g., preterm, cesarean section) as well as more precise 

information about the context of birth-related stressors. Further, the BEI has a manual providing  

explicit standards, definitions, and examples of how to rate birth-related stressors to enhance 

fidelity of scoring across participants and research studies. The standards in the BEI provide 

researchers the opportunity to conduct a finer grain examination of what types of birth-related 

stressors relate to women’s specific outcomes (e.g., psychopathology). Ultimately, findings from 

the BEI may allow researchers to focus on aspects of birth-related stressors that are more 

relevant for PPD. This knowledge may be foundational for informing intervention efforts.  

Reward Responsiveness and Depression Risk 

In addition to improved methods for characterizing and assessing birth-related stressors, 
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there is a need to better understand who is most susceptible the effects of these stressors on 

depression. Growing evidence supports the use of neuroscientific methods to identify underlying 

processes involving risk associated with depression (Kujawa & Burkhouse, 2017). Etiological 

models of depression outside of the peripartum period have focused on altered functioning in 

regions of the brain (e.g., ventral striatum and medial prefrontal cortex) central to reward 

processing (Becker et al., 2014; Forbes et al., 2010; Pizzagalli & Roberts, 2022). These models 

identified multiple neural measures of reward system activation as potential biomarkers for 

depression (Ng et al., 2019). The associated underlying processes, measured through electrical 

activity on the scalp (i.e., electroencephalography [EEG]), can be used to predict specific risks 

associated with depression (Proudfit et al., 2015; Webb et al., 2017). Time-domain EEG scoring 

approaches, like event-related potentials (ERP), provide information about the time course of 

emotional and cognitive processes at the neural level with millisecond precision (Sur & Sinha, 

2009). Thus, ERPs have been identified as a promising biomarker to further our understanding of 

underlying processes increasing risk for PPD.  

 In particular, a blunted reward positivity (RewP) is a unique predictor of both onset and 

greater symptoms for depression (Belden et al., 2016; Foti et al., 2015; Nelson et al., 2018; Webb 

et al., 2017, 2021). The RewP component emerges over frontocentral sites 250-350 ms after 

receiving reward compared to loss or neutral feedback, and thus serves as an index of reward 

processing (Webb et al., 2017). For example, depression-related blunting of RewP occurs in 

subjects as early as preschool and characterizes depression across development (Belden et al., 

2016). Further, in a sample of pregnant women, RewP was found to be a predictor of antenatal 

depressive symptoms relative to other indicators (e.g., annual income, history of major 

depressive episodes) depression risk (Mulligan et al., 2018). 
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Social Reward Responsiveness and Postpartum Depression Risk 

 Given the prevalence of PPD and its negative impacts for both mothers and infants, there 

is a critical need to identify underlying processes to improve precision of risk screening for PPD 

(Cárdenas et al., 2020; Kim et al., 2016; Mulligan et al., 2018). Current research supports the 

role of reward-related brain function in the establishment and maintenance of caregiving 

behaviors, as well as social bonds between mothers and infants (Swain et al., 2007). In the 

postpartum period, new mothers have been found to display more activity in reward regions 

(e.g., ventral striatum, dorsal striatum, medial prefrontal cortex), when listening to the sounds of 

an infant cry relative to both white noise and silence (Pechtel et al., 2013). Similar patterns of 

activation have been observed when mothers view images of their own infant versus an unknown 

child. Thus, activation of reward circuits in the brains of mothers is hypothesized to play a role in 

motivated caregiving (Stoeckel et al., 2014).  

 Across development, neural reward responsiveness is commonly assessed in relation to 

monetary reward (Moses-Kolko et al., 2016; Mulligan et al., 2018). In the context of the 

postpartum period, the extent to which mothers experience interactions and connections with 

their infants as rewarding, may be a key process underlying PPD. Further, there is consistent 

evidence that mothers without depression, compared to mothers with depression, exhibit 

increased reward-related neural responses to stimuli associated with their infants (Post & Leuner, 

2019). Although versions of tasks traditionally using monetary rewards have utilized different 

types of social rewards (e.g., social media likes vs. dislikes), no tasks to my knowledge tailor 

stimuli specifically for the study of social reward responsiveness in new mothers (Wang et al., 

2020). 
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Summary and Integration 

Previous research has shown that birth-related stressors increase women’s risks for PPD 

symptoms (Simpson & Catling, 2016). Reward-related brain function (i.e., RewP) has been 

identified as a potential predictor of depressive symptoms during the transition to parenthood  

(Mulligan et al., 2018). In addition, prior research establishes associations between blunted social 

reward responsiveness and the emergence of depressive symptoms (Wang et al., 2020). Although 

these processes are often examined in separate lines of research (Mulligan et al., 2018; Simpson 

& Catling, 2016a; Wang et al., 2020), pathways to PPD exhibit a complexity requiring 

consideration of multiple risk factors (e.g., birth-related stressors, low social reward 

responsiveness) in combination. Stress, both lab-induced and naturalistic, can reduce different 

types of reward responsiveness (Kumar et al., 2014; Lincoln et al., 2019; Porcelli et al., 2012). 

Further, some evidence points to the role of reduced social reward responsiveness as a 

vulnerability factor following exposure to stress (Corral-Frías et al., 2015; Nikolova et al., 2012; 

Pegg et al., 2019) and that a combination of low RewP and greater stress is associated with 

greater depression. However, no research to date has probed possible associations between social 

reward responsiveness and PPD symptoms in the context of birth-related stressors. The proposed 

study addresses the critical need to refine our understanding of the role for social reward 

responsiveness and birth-related stressors on PPD in mothers. To address four specific aims (see 

Figure 1), this study uses a novel interview to capture birth-related stressors and a novel, 

ecologically valid, and participant-specific reward tasks (see Figure 2).  
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The Current Study  

Aim 1 

 Examine predictors (i.e., depression during pregnancy, lifetime depression, income to 

needs ratio, education, race/ethnicity, prior stress/trauma) of the severity of birth-related stressors 

(e.g., overall severity, violation of expectations, loss of control) identified with the BEI. 

Hypothesis 1. I hypothesize that women who endorsed (a) more depressive symptoms during 

pregnancy, (b) lifetime history of depression diagnosis, (c) a lower income to needs ratio, (d) less 

education, (e) being a racial/ethnic minority, and (f) having more life stress events will report 

increased birth-related stressors. 

Aim 2 

Examine the associations between social reward responsiveness and depressive 

symptoms across the peripartum period. Hypothesis 2. I hypothesize that a reduced social RewP 

to reward feedback indicating a photograph of participants’ own infants will be associated with 

more PPD symptoms.  

Aim 3 

Examine birth-related stressors as unique predictors of PPD symptoms. Hypothesis 3. I 

hypothesize that women who experience more marked birth-related stressors (e.g., overall 

severity, violation of expectations, loss of control) will endorse greater PPD symptoms.  

Aim 4  

Test low social reward responsiveness as a moderator of associations between birth-

related stressors and PPD symptoms. Hypothesis 4:  I hypothesize that the association between 

birth-related stressors (e.g., overall severity, violation of expectations, loss of control) and PPD 

symptoms will be moderated by low social reward responsiveness.  
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Exploratory analyses for aims. 

There is substantial literature linking symptoms of generalized anxiety and post-traumatic 

stress with experiences of birth-related stressors (Simpson & Catling, 2016; Watson et al., 2021). 

Further, there are mixed associations between neural reward responsiveness with anxiety and 

traumatic intrusions symptoms (Gu et al., 2010; Kessel et al., 2015; Lieberman et al., 2017). 

Therefore,  I conducted additional exploratory analyses with anxiety and traumatic intrusions 

symptoms as the dependent variables, rather than depression. Further, when significant 

relationships were found between social reward  and dependent variables, I conducted parallel 

analyses with monetary reward to test whether results were specific to a single reward domain.   
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CHAPTER II: METHODS 

Participants  

Pregnant individuals were recruited to participate in a study assessing predictors of 

peripartum depression (R21MH122781; PI: Kujawa). Eligibility criteria included: (a) pregnant 

and approximately 20 weeks gestation at the time of enrollment; (b) age between 18 and 40 

years; (c) no previous diagnosis of mania/bipolar disorder, psychosis, or borderline personality 

disorders; (d) fluency in English. Eligibility criteria also precludes women pregnant with 

multiples or a fetus with known congenital issues.  

In total, 120 participants (Mage=31.09 years, SD=4.81) from the greater Nashville 

metropolitan area were enrolled in the study. We recognize that not all pregnant individuals 

identify as a woman, but 100% of the participants did report woman as their gender identity. 

Participants were recruited through clinics (e.g., Vanderbilt University Medical Center) in the 

community, online advertisements, flyers, and community events. The majority of the woman 

were White (79% White, 10% Black and/or African American, 8% Multiracial or Other race, 3% 

Asian) non-Hispanic (90% non-Hispanic/non-Latinx). Most participants are married or in a 

domestic partnership (85% married or domestic partnership, 12% single and never married, and 

3% divorced) and employed for wages (85% employed for wages, 6% homemaker, 3% out of 

work and looking for work, 3% student, 2% self-employed, 1% other). In terms of annual 

household income, 1% reported $0-$5,000, 3% $5,001-$15,000, 5% $15,001-$30,000, 17% 

$30,001-$60,000, 22% $60,001-$90,000, 30% $90,001-$150,000, and 22% greater than 

$150,000. Most participants were first time parents; 65% report no prior children, 26% one child, 

5% two children, 1% three children, 3% four children. The sample was oversampled for 

depression risk. At the first interview session, 52% (n=62) of the participants met criteria for a 
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past or current major depressive disorder episode. Participants were enrolled as close as possible 

to 20 weeks gestation and re-assessed at approximately 34 weeks gestation and 8 weeks 

postpartum. Of the 120 participants enrolled, 95 participants completed the 8 weeks postpartum 

assessment interview and 91 completed the interview as well as the EEG session. 

Procedures 

Participants in the study first completed a phone screen to determine eligibility. At both 

the second trimester (i.e., approximately 20 weeks gestation; T1) and third trimester (i.e., 34 

weeks gestation; T2) participants completed self-reported measures of depressive symptoms, 

anxiety symptoms, trauma exposure, and demographic background. Participants also completed 

a semi-structured interview of DSM-5 disorders with a research staff member to capture clinical 

characteristics (e.g., past and current depression diagnoses) at each of the three sessions. In 

addition, participants completed an interview probing lifetime stress at each of the three sessions. 

At each of the three sessions, participants completed a battery of computer tasks during 

continuous collection of EEG readings. At the 8 weeks postpartum assessment (T3), participants 

completed the battery of computer tasks as well as Social Incentive Delay task. The Social 

Incentive Delay task was only administered at the 8 weeks postpartum assessment because this 

task required photos of the participants’ infant. Additionally, participants completed the BEI to 

assess experiences of birth-related stressors; including overall severity, violation of expectations, 

and loss of control.  

Task and Measures 

Stress Prior to Birth 

Participants completed the Life Stressor Checklist Revised (LSC-R; Wolfe et al., 1996), a 

self-report measure of traumatic or stressful life events. Interviewers asked participants about 
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lifetime exposure to 30 events, including experiences with natural disasters, physical or sexual 

assault, and death of a relative. All responses were collected using a yes/no response format and 

summed. This interview was completed at the 34 weeks gestation assessment.  

Birth-Related Stressors Measure 

 Participants were interviewed using the BEI at the 8 weeks postpartum assessment to 

capture details of their birthing experience (Harkness et al., 2013). The BEI is based on the Life 

Events and Difficulties Schedule, an interview protocol that utilizes a contextual approach to 

objectively assess the stressfulness of life events. Using a semi-structured interview format, the 

BEI is administered by trained raters who elicit narratives about birth experiences. After 

interviews, raters constructed vignette summaries of the birth experiences and scored dimensions 

of birth-related stressors based on how severe these experiences are expected to be for most 

women (regardless of participants' subjective responses). The birth experience was defined as the 

period from when labor first begins (i.e., first contractions) to the 10-14 days following birth.  

The rater scored the birth experience interview on three dimensions: overall severity, 

violation of expectations, and loss of control. Overall severity ratings reflect the threat for the 

duration of the birth experience. Raters scored overall severity on a four-point Likert scale 

ranging from 1 (little/none) to 5 (marked stressor). Overall severity ratings were rated as more 

marked as the severity or number of complications to the mother and the infant increased. 

Violation of expectations reflect the extent to which the birth did not go as expected. Raters 

scored violation of expectations on a four-point Likert scale ranging from 1 (little/none) to 4 

(marked stressor). Violation of expectations include experiences such as the baby being born 

preterm or with a previously undisclosed critical condition. Loss of control reflects how 

respectfully the mother was treated by staff. This rating includes how closely staff honored the 
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mother’s birth plan and informed the mother of changes to the birth plan. Raters scored loss of 

control on a four-point Likert scale ranging from 1 (little/none) to 4 (marked stressor). This 

rating includes major changes to the birth plan without informing the mother as well as the 

mother having to argue with the medical staff to receive desired treatment. 

Independent raters reviewed 69 of the 95 vignette summaries and derived their own 

ratings for the three BEI dimensions. Intraclass correlation coefficient (ICC) analyses were 

conducted for all three dimensions. The ICC estimates and their 95% confidence intervals were 

calculated based on a mean-rating (k=2), 2-way mixed-effects model. The ICC estimates for 

overall severity (ICC=.96, 95% CI=.93-.97), loss of control (ICC=.95, 95% CI=.93-.97), 

violation of expectations (ICC=.97, 95% CI=.95-.98) indicate excellent reliability (Koo & Li, 

2016). 

Depressive Measures  

Participants completed the Inventory of Depression and Anxiety Symptoms (IDAS), a 

validated measure of recent (i.e., past 2 weeks) depressive and anxiety symptoms (Watson et al., 

2007). The IDAS produces several subscales, including the 20-item general depression scale. On 

the general depression scale, scores above 55.5 (out of 100) indicate possible major depressive 

disorders (Stasik-O’Brien et al., 2019). Internal consistency (Cronbach’s alpha) range from .87 to 

.92 across assessments. 

The Diagnostic Interview for Anxiety, Mood, and Obsessive-Compulsive and Related 

Neuropsychiatric Disorder (DIAMOND; Tolin et al., 2018), a semi-structured interview of 

DSM-5 disorders, was administered by research staff at the T1, T2, and  postpartum assessments 

to capture participants’ clinical characteristics (e.g., past and current depression diagnoses). 

Diagnoses were reviewed during weekly clinical supervision and verified by a licensed clinical 
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psychologist. A sample of 19 DIAMOND interviews at the T1 session were reviewed by an 

independent rater for reliability of current, past, and lifetime major depression diagnosis 

(Cohen’s kappa=1), indicating perfect agreement between the raters (McHugh, 2012).  

Social Incentive Delay Task 

 The Social Incentive Delay task (Figure 2) is a participant-specific social reward task that 

was developed for this project and adapted from the Monetary Incentive Delay task, a well-

established instrument to investigate neural activity implicated in reward processing (Novak & 

Foti, 2015). At the start of each trial, participants observed a cue that indicated either a social 

incentive trial (i.e., blue circle) or a non-incentive trial (i.e., blue outline of a circle) for 500 ms. 

Following the cue, and as an anticipatory period, a fixation cross (i.e., white plus sign) was 

presented for 2,000-2,500 ms. Then a white box was presented as a target. Participants were 

asked to respond to the target (i.e., pressing the left mouse button) as quickly as possible. Target 

presentation time was dynamically adjusted to achieve an approximately 50% success rate. 

Target presentation begins at 200 ms and decreases by 100 ms following successful responses 

and increased by 10 ms following unsuccessful responses. Following target presentation, a 

fixation cross was presented for a total of 1,500 ms from target presentation to feedback onset. 

On incentive trials, a green upward arrow appeared for responses to target within the 

presentation period, indicating reward feedback. The green upward arrow was followed by a 

fixation cross for 1,000 ms followed by a photograph of their infant for 2,000 ms. A red 

downward arrow appeared for responses outside of the presentation period, indicating neutral 

feedback. The red downward arrow was followed by fixation cross for 1,000 ms followed by a 

photograph of rocks for 2,000 ms. We used photographs of rocks because prior literature used 

rocks as neutral, non-reward, and not motivationally salient stimuli (Mühlberger et al., 2017). On 
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non-incentive trials, a yellow dash was presented, indicating that the participants would not view 

a photograph, regardless of reaction time. The yellow dash was followed by a fixation cross for 

1,000 ms and then followed by a blank screen for 2,000 ms. A fixation cross for 1,000 ms was 

presented prior to the start of the next trial. With 70 trials, the task provided sufficient measures 

for RewP reliability (Ethridge & Weinberg, 2018). This task provided behavioral and neural 

reward processing measures in response to reward feedback compared to neutral feedback. To 

reduce the confounds associated with participants viewing different photographs of their infants, 

all analyses focused on the neural response to reward feedback (i.e., green and red arrows). 

Exploratory Task and Measures 

There is literature linking symptoms of generalized anxiety and post-traumatic stress with 

experiences of birth-related stressors (Simpson & Catling, 2016; Watson et al., 2021). Further, 

there are mixed associations between neural reward responsiveness with anxiety and traumatic 

intrusions symptoms (Gu et al., 2010; Kessel et al., 2015; Lieberman et al., 2017). Thus, these 

two additional measures of anxiety and traumatic intrusions were included as exploratory 

measures for follow up analyses. In addition, participants completed an ERP task that probed 

monetary reward so that comparisons could be made between social and monetary reward.  

Monetary Incentive Delay (MID) Task 

 Participants also complete the MID task (Figure 3), an exploratory task that mirrors the 

timing and structure of the Social Incentive Delay task. There were two major distinctions 

between the monetary and social incentive delay tasks. First,  green arrows indicate monetary 

rewards of $0.40 and red arrows indicate monetary losses of $0.20 in counterbalanced order. 

Second, no photos of rewards were presented. Including the MID task allowed us to score RewP 
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to identical stimuli (i.e., green and red arrows) that only varied in the meaning of the rewards 

(i.e., receipt of social vs. monetary rewards).  

Anxiety Symptoms Measure  

Anxiety was measured using the Generalized Anxiety Disorder Assessment (GAD-7; 

Spitzer et al., 2006). This is a 7-item self-report questionnaire used as a screening tool and a 

measure for the level of generalized anxiety. The sum of the results can range from 0 to 21. 

Internal consistency (Cronbach’s alpha) range from .89 to .90 across assessments.  

Traumatic Intrusions Measure 

  The IDAS Traumatic Intrusions subscale (IDAS-T1) was used to assess intrusive 

thoughts about trauma. The IDAS-TI is a 4-item subscale of the above-mentioned IDAS (Stasik-

O’Brien et al., 2019). Participants indicated the extent to which they experienced traumatic 

symptoms in the past two weeks on a scale from 1 “not at all” to 5 “extremely”. Internal 

consistency (Cronbach’s alpha) range from .65 to .88 across assessments. 

Data Analytic Approach 

EEG Data Acquisition and Processing  

EEG data was recorded with a 32-electrodes BrainProducts actiCHamp system (Munich, 

Germany) based on standard 10/20 layout. Of note, a 32-channel cap was used for all 

participants. However, at the beginning of the study, we focused only on 16 channels in applying 

gel and lower impedances to minimize time in close contact during the COVID-19 pandemic. 

This decision was made prior to availability of vaccines, consistent with recommendations (e.g., 

Simmons & Luck, 2020).  

BrainVision Analyzer software (Munich, Germany) was used to process the EEG data. 

Data was processed in BrainVision Analyzer (BVA) using best practices (Luck et al., 2000). 
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Impedances were reduced to 30 kΩ. A 24-bit resolution and sample rate of 1,000 Hz were used 

to digitize the recordings. Data was referenced to mastoid electrodes and band-pass filtered with 

0.01 and 30 Hz as cutoffs. Data was segmented -500 ms before and 1,000 ms after stimuli 

presentation. Ocular correction was conducted with a modification of Gratton’s algorithm 

(Gratton et al., 1983). Vertical (VEO) and horizontal (HEO) electrooculogram was monitored 

bipolarly from sites above and below, as well as beside the outer canthus, of participants’ eyes. 

Due to modified COVID protocols, we did not apply facial electrodes for the participants at the 

beginning of the study. For these participants, we used FP1 in lieu of VEO and FT9 and FT10 in 

lieu of HEO. Automatic artifact rejection criteria was a voltage step greater than 50 µV between 

sample points. The maximum voltage difference between points was capped at  175 µV for trials 

and the minimum voltage difference parameters was 0.5 µV within 100 ms intervals. After 

automatic artifact rejection, data was inspected visually to reject any remaining artifacts. The 

RewP was averaged across each condition, and baseline corrected 200 ms to 0 ms prior to 

feedback onset. Analyses focused on the RewP component, which is often scored between 250-

350 ms at Cz (Mulligan et al., 2018; Pegg et al., 2019). This decision was also based on the 

visualization of the sample grand averages (see A in Figure 4).  

For the postpartum sessions, 95 participants completed the interview and 91 completed 

both the interview as well as the EEG session. For the social incentive delay task, 8 participants 

were excluded for poor data quality and 1 participant was excluded because of technical issues. 

There was available social incentive delay task EEG data for 82 participants. Following the 

artifact rejection procedures, included participants had on average 23.52 segments (SD=2.54, 

range=17-28) for the positive condition and on average 24.65 segments (SD=3.02, range=15-33) 

for the negative condition. RewP split-half reliability was excellent for both the RewP to positive 



 

 18  

 

feedback (Spearman-Brown coefficient: rSB=.89) and negative feedback (Spearman-Brown 

coefficient: rSB=.87). I calculated the unstandardized residual to RewP for positive feedback 

adjusting for RewP to negative feedback (Meyer et al., 2017). There was no statistically 

significant difference in RewP unstandardized residual between participants with 32 (n=75) vs. 

16 (n=7) gelled electrodes (Cohen’s d=0.38, p=.341). There was also no statistically significant 

difference in RewP unstandardized residual between participants in which we used HEO and 

VEO (n=53) vs. FP1 and FT9/FT10 (n=29) for ocular correction (Cohen’s d=0.18, p=.440)  

The same processing steps were also used for the monetary incentive delay task. There 

was available monetary incentive delay task EEG data for 84 participants. Based on prior 

literature and visualization of the sample grand average (see B in Figure 4), analyses similarly 

focused on the RewP component scored between 250-350 ms at Cz.  

Preliminary Analyses  

Descriptive statistics (i.e., means, standard deviations, minimums, maximums, ranges) were 

calculated for all key study variables to inspect distribution and quality of data. Bivariate 

correlations were conducted to examine relations among measures. I also probed if data was 

missing at random to ensure that full information maximum likelihood (FIML) was appropriate 

to conduct with additional analyses. The results of Little’s MCAR test were null (p=.519). 

Because the data was missing at random, I used FIML in regression analyses via the lavaan 

package (Rosseel, 2012) in R (R Core Team, 2022).  

Hypothesis Testing  

Aim 1: Linear Regression between Predictors of Birth-Related Stressors and PPD Symptoms  

 To examine predictors of birth-related stressors, I used multiple linear regression analyses 

to model the effects of each predictor (independent variable) on each dimension of birth-related 
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stressors (i.e., overall severity, violation of expectations, and loss of control; dependent variable). 

Because of the limited racial and ethnic diversity in the sample, I compared participants who 

identified as White and non-Hispanic with those that identified as non-White or Hispanic.  

Aim 2: Linear Regression between Social RewP and PPD Symptoms 

To examine the associations between social reward responsiveness and PPD symptoms 

across the peripartum period (Aim 2), I used linear regression analyses to model the effects of 

social reward responsiveness (independent variable) on PPD symptoms (dependent variable).  

Aim 3: Linear Regression between Birth-Related Stressors and PPD Symptoms 

To examine the associations between birth-related stressors and PPD symptoms (Aim 3), 

I used  linear regression analyses to model the effects of birth-related stressors (independent 

variables) on PPD symptoms (dependent variable) at the postpartum assessment.  

Aim 4: Linear Regression for Main and Interactive Effects of Social RewP, Birth-Related 

Stressors, and PPD symptoms 

To test social reward responsiveness as a moderator of associations between birth-related 

stressors and PPD symptoms, I used multiple regression analyses with an interaction term to 

model the effect of birth-related stressors (independent variable) on PPD symptoms (dependent 

variable) at different levels of social reward responsiveness (moderation variable). Analyses 

focused on RewP to reward feedback covarying response to neutral feedback.  

Exploratory Analyses  

 For Aims 2-4, significant associations were followed up with additional multiple 

regression analyses covarying for antepartum depressive symptoms. Antepartum depressive 

symptoms are one of the strongest predictors of postpartum depressive symptoms (Gaillard et al., 

2014; Pfost et al., 1990). When findings from the multiple regression analyses were significant, I 
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conducted follow up analyses with depressive symptoms assessed during the T1 and T2 of 

pregnancy to probe if these effects were significant even when accounting for antepartum 

depressive symptoms. In addition, due to the substantive links between birth-related stressors 

with anxiety and post-traumatic stress symptoms (Simpson & Catling, 2016b), I conducted 

additional exploratory analyses with anxiety and traumatic intrusions symptoms as the dependent 

variables. Last, for aims 2 and 4, significant associations with Social RewP were followed up 

with Monetary RewP to test the specificity of effects depending on type of reward. 
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CHAPTER III: RESULTS 

Descriptive Statistics  

See Table 1 for descriptive statistics for measured study variables. In addition to 

measured study variables, percentages were calculated for three additional categorical variables 

(i.e., major depressive disorder [MDD] diagnosis, college graduate, and race/ethnicity). For 

MDD, 53% of the sample (n=63) met criteria for a past or current MDD diagnosis at the second 

trimester (T1) or third trimester (T2) timepoint. For college graduate, 83% of the sample (n=97) 

received a bachelor’s degree or greater. For race/ethnicity, 74% of the sample (n=89) reported 

being White/non-Hispanic.  

See Table 2 for bivariate correlations among primary variables. Associations were 

present across depressive symptoms at all timepoints(e.g., more symptoms at T1 were associated 

with greater symptoms at T2 and T3). Also, endorsing a lifetime MDD diagnosis was associated 

with greater depressive symptoms across all timepoints. In terms of education, completion of a 

bachelor’s degree or greater was associated with less depressive symptoms at T1. Completion of 

bachelor’s degree or greater was associated with higher income-to-needs-ratio. For demographic 

conditions, endorsing being non-White, or Hispanic was associated with lower income-to-needs 

ratio, less completion of bachelor’s degree or greater, as well as greater endorsed life stress 

events at T1. Further, more endorsed life stress at T1 was associated  with (a) more depressive 

symptoms across all timepoints, (b) more lifetime MDD diagnoses, (c) more completion of 

bachelor’s degree or greater, as well as (d) more endorsement of being non-White or Hispanic. 

More violations of expectations was associated with more endorsed life stress and overall 

severity. Loss of control was associated with more overall severity and violation of expectation. 

Finally, social RewP UR was associated with more depressive symptoms at T3 and enhanced 
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monetary RewP UR.  

Aim 1: Examine predictors of birth-related stressors for BEI birth stress dimensions 

The results of linear regressions examining predictors of birth-related stress are presented 

in Tables 3 (overall severity), Table 4 (loss of control), and Table 5 (violation of expectations). 

None of the predictors were significantly associated with overall severity. However, life stress 

events were associated with more loss of control (see Table 4) and violation of expectations (see 

Table 5).  

Aim 2: Examine associations between social RewP and PPD  

 Larger social RewP UR were associated with more depressive symptoms, b=0.47, 

SE=0.23, =0.22, p=.044, CI 95% (0.01, 0.92). However, when accounting for depressive 

symptoms during T1 and T2, there was no significant association between social RewP and PPD 

symptoms, b=0.34, SE=0.19, =0.16, p=.077, CI 95% (-0.04, 0.71).  

Aim 3: Examine associations between birth-related stressors and PPD symptoms  

 A linear regression model was conducted to assess associations between birth-related 

stressors (i.e., overall severity, loss of control, violation of expectations) and PPD symptoms. 

Birth-related stressors were not associated with PPD symptoms (Table 6).  

Aim 4: Test social RewP as a moderator for association between birth-related stressors and 

PPD 

 A multiple regression model was tested to investigate whether the association between  

birth-related stressors and PPD symptoms is moderated by social RewP. Birth-related stressors X 

social RewP interaction effect on PPD symptoms was not significant (Table 7).  

Exploratory Analyses for Aims: Anxiety and Traumatic Intrusions Symptoms  

In the exploratory analyses, I tested whether social RewP was related to anxiety or 
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traumatic intrusions. Similar to depression, anxiety was associated with an enhanced social 

RewP, b=0.25, SE=0.10, =0.26, p=.014, CI 95% (0.05, 0.46). Traumatic intrusions were not 

associated with social RewP, b=0.06, SE=0.04, =0.14, p=.193, CI 95% (-0.03, 0.14). The 

association between social RewP and anxiety symptoms was also significant even when 

accounting for antepartum (i.e., T1 and T2) anxiety symptoms, b=0.22, 

SE=0.09, =0.22, p = .013, CI 95% (0.05, 0.39).  

In terms of birth stress, correlations were observed with traumatic intrusions (overall 

severity: r=.27, p=.017; violations of expectations: r=.26, p=.010). No significant correlations 

were observed between birth-related stress and anxiety. When each dimension of birth stress was 

included in the same regression analysis, none of the dimensions of birth stress were 

significantly associated with anxiety (Table 8) or traumatic intrusions (Table 9).  

For the moderation, I also tested anxiety and traumatic intrusion symptoms as the 

outcome variables. Similar to depression, there was no significant moderation when anxiety 

symptoms (Table 10) was the dependent variable. However, there was a significant violation of 

expectations X social RewP interaction when traumatic intrusions symptoms (Table 11) was the 

dependent variable. Violations of expectations were associated with greater traumatic intrusions 

for those who had an enhanced social RewP (i.e., 84th percentile, b=0.76, SE=0.30 p=.012), but 

not for individuals with average (i.e., 50th percentile, b=0.21, SE=0.23 p =.362) or blunted social 

RewP (i.e., 16th percentile, b=-0.34, SE=0.35 p=.335; see Figure 5). The region of significance of 

the simple slope describing the relationship between outcome (i.e., traumatic intrusions 

symptoms) and the focal predictor (i.e., violation of expectations) occurs when the moderator 

(i.e., social RewP) is greater than 1.96 (see Figure 6). This interaction was still significant 

(p=.004) when the model included antepartum (i.e., T1 and T2) traumatic intrusions symptoms.  
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Exploratory Analyses for Aims: Monetary RewP  

In the exploratory analyses, I also I tested whether significant effects of social RewP 

were also apparent in the monetary domains. Unlike social RewP, monetary RewP was not 

associated with PPD symptoms, b=0.08, SE=0.22, =0.04, p=.718, CI 95% (-0.35, 0.51).  

Also, unlike social RewP, monetary RewP was not associated with anxiety symptoms, b=0.04, 

SE=0.10, =0.04, p=.678, CI 95% (-0.16, 0.24). However, similar to social RewP, there was a 

significant violation of expectations X monetary RewP interaction when traumatic intrusions 

symptoms (Table 12) was the dependent variable. Violations of expectations were associated 

with greater traumatic intrusions for those who had an enhanced monetary RewP (i.e., 84th 

percentile, b=0.74, SE=0.32 p=.024), but not for individuals with average (i.e., 50th percentile, 

b=0.12, SE=0.24 p=.619) or blunted monetary RewP (i.e., 16th percentile, b=-0.50, 

SE=0.35 p=.152; see Figure 7). The region of significance of the simple slope describing the 

relationship between outcome (i.e., traumatic intrusions symptoms) and the focal predictor (i.e., 

violation of expectations) occurs when the moderator (i.e., monetary RewP) is less than -7.49 or 

greater than 2.98 (see Figure 8). This interaction was still significant (p=.003) when the model 

included T1 and T2 traumatic intrusions symptoms. 
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CHAPTER IV: DISCUSSION 

 In this dissertation, I examined predictors (i.e., depression during pregnancy, lifetime 

depression, income to needs ratio, education, race/ethnicity, prior stress/trauma) of the severity 

for birth-related stressors (i.e., overall severity, violation of expectations, loss of control). I also 

examined associations between social reward responsiveness and birth-related stressors, as well 

as social reward responsiveness as a moderator of the association on PPD symptoms in mothers. 

For predictors of birth-related stressors, more self-reported life stress events were positively 

associated with more loss of control and violations of expectations during the birth experience. 

None of the predictors of birth-related stressors were associated with the BEI rating of overall 

severity for the birth experience. For neural measures, Social RewP was associated with PPD 

symptoms, but did not remain significant when covarying for antepartum depressive symptoms. 

Surprisingly, there was no association between birth-related stressors and postpartum depressive 

symptoms. Social RewP also did not moderate the association between violation of expectations 

and PPD symptoms.  

 I conducted additional exploratory analyses due to substantive links between birth-related 

stressors with anxiety and post-traumatic stress symptoms. In addition, significant Social RewP 

findings were followed up with Monetary RewP analyses to test the specificity of effects 

depending on type of reward. First, Social RewP was associated with anxiety symptoms even 

when accounting for antepartum anxiety symptoms. Second, there was no significant association 

between Social RewP and traumatic intrusions. Third, there were some correlations between 

greater overall severity and violations of expectations BEI dimensions and traumatic intrusions 

symptoms. However, when the dimensions were all in one model, I found no associations 

between birth-related stressor dimensions and traumatic intrusions or anxiety symptoms. Finally, 
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similar to social RewP, monetary RewP moderated the association between violation of 

expectations and traumatic intrusions symptoms. Violations of expectations were associated with 

greater traumatic intrusions for those who had an enhanced monetary RewP. 

In previous research, several contextual factors (e.g., depression during pregnancy, 

race/ethnicity) have been identified as leading to increased pregnant people’s risk for 

experiencing birth-related stressors (Accortt et al., 2015; Alder et al., 2007b). In this current 

dissertation, I focused on six specific contextual factors (i.e., depression during pregnancy, 

lifetime depression, income to needs ratio, education, race/ethnicity, prior stress/trauma). 

Although I found that the majority of these factors were not significant, more self-reported life 

stress events were positively associated with women experiencing more loss of control and 

violation of expectations during the birth experience. This finding aligns with evidence that a 

history of traumatic events increases likelihood of birth-related stressors (e.g., a high-risk 

pregnancy, delivery complications; Lev-Wiesel et al., 2009). It was particularly surprising that 

income to needs ratio, education, and race/ethnicity were not significantly associated with the 

BEI dimensions given the observed links between racial and socioeconomic disparities and birth 

related stressors (e.g., preterm delivery, cesarean delivery; Kim et al., 2018, Rawlings et al., 

1995; Singh, 2020 ). The sample was, on average, highly educated, affluent, and predominately 

White and non-Hispanic. Thus, many of the contextual factors I probed had limited variability, 

which may have impacted my findings. Further, given the sample for this study over sampled for 

participants with a lifetime history of depression, I was surprised to find that neither depression 

during pregnancy nor lifetime depression diagnosis were associated with BEI dimensions. There 

is substantial literature supporting depression as a medical risk factor, including for birth-related 

stressors (Alder et al., 2007). This link has been theorized to be a consequence of the increased 
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hypothalamic-pituitary-adrenal axis activity observed in individuals with major depression 

(Banki et al., 1992). There is a possibility that in this sample, history of traumatic events, which 

is also linked with greater hypothalamic-pituitary-adrenal axis activity (Banki et al., 1992), 

accounted for greater variance of this medical vulnerability. Future research should address the 

potential masking effect of exposure to stressors and depression history in predicting birth-

related stressors.  

 Next, I sought to evaluate the relationship between blunted reward responsiveness to 

social reward and PPD symptoms. Contrary to my hypothesis, I observed that greater social 

RewP was associated with greater PPD symptoms. However, these findings did not hold when 

covarying for antepartum symptoms. Further, I found that reward responsiveness to monetary 

reward was not associated with PPD symptoms. Although extant research supports relationships 

between brain regions involved in reward processing and depression, these relationships are 

known to be relatively modest and some research in this domain failed to yield significant main 

effects (Kujawa & Burkhouse, 2017; Novak & Foti, 2015; Pegg et al., 2019). It is critical to note 

that social and monetary RewP were positively correlated (r=.33, p<.001), suggesting that these 

measures are related but may capture unique types of reward response. This finding emphasizes 

the importance of examining both social and monetary reward in the developmental trajectories 

of depression across the peripartum period. In my exploratory analyses I found that social RewP, 

but not monetary RewP, was positively associated with T3 anxiety symptoms even when 

covarying for antepartum symptoms. While blunted RewP has consistently been linked to 

depression, findings with anxious populations tend to be less consistent. For example, one study 

of undergraduates found that a smaller RewP was associated with greater trait anxiety (Gu et al., 

2010). In contrast, another study found that youth with higher generalized anxiety symptoms 
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exhibited a blunted RewP to losses, whereas children with higher social anxiety symptoms 

exhibited enhanced RewP to gains (Kessel et al., 2015). There is also evidence to suggest 

distinctions in the domain of neural reward and anxiety. For example, a recent study examining 

the neural response to social and monetary feedback in relation to social anxiety symptoms found 

that larger RewP to correct feedback was associated with greater social anxiety symptoms. 

Further, a larger RewP to social dislike feedback was uniquely associated with greater social 

anxiety symptoms (Nelson & Jarcho, 2021). Similar to my distinct findings with social compared 

to monetary reward responsiveness and psychopathology symptoms, Nelson and Jarcho’s (2021) 

work highlight the importance of task features (e.g., type of reward) that need to be taken into 

consideration when making conclusions about the role of neural reward responsiveness to 

rewards in relation to psychopathology.  

 There is substantial literature linking birth-related stressors with PPD, as well as anxiety 

and traumatic intrusions symptoms (Bay & Sayiner, 2021; Chen et al., 2022; Simpson & Catling, 

2016a). In the current study I used an interview-derived approach (i.e., BEI) to assess and rate 

multiple dimensions of  birth-related stressors (i.e., overall severity, loss of control, violation of 

expectations). There were some correlations between greater overall severity and violations of 

expectations BEI dimensions and traumatic intrusions symptoms. However, contrary to my 

hypothesis, when the dimensions were all in one model, I found no associations between birth-

related stressor dimensions and PPD, anxiety, or traumatic intrusions symptoms. These null 

associations may be a consequence of limited birth-related stressors in the current sample. For 

example, for the overall severity dimension, few participants (n=2) met criteria for marked birth-

related stressors and over half of the participants met criteria for little (n=17) or some (n=31) 

birth-related stressors. It may be possible that in small community samples, adjustments in 
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ratings may be needed to capture more subtle variability in experiences.  

 Last, I tested social reward responsiveness as a moderator of effect for birth-related 

stressors on PPD. This aim was an extension of previous evidence that social RewP moderates 

the effect of lifetime social stress exposure on depressive symptoms (Pegg et al., 2019). There 

was no interaction between birth-related stressors and social RewP on PPD or anxiety symptoms. 

However, social and monetary RewP moderated the association between violations of 

expectations and traumatic intrusions symptoms at high levels of RewP. Specifically, 

participants with enhanced responses to rewards showed greater risk for endorsing postpartum 

traumatic intrusions in response to violation of expectations. These results contrast the stress and 

depression literature in which reduced neural responsiveness to reward has been associated with 

greater symptoms following stress exposure (Pegg et al., 2019). Individuals with an elevated 

reward responsiveness may tend to expect more positive outcomes and thus may have more 

difficulty  ceding when their expectations are thwarted. Although limited, there is some evidence 

linking certain symptom dimensions of PTSD with neural indicators of reward reactivity 

(Lieberman et al., 2017). Lieberman and colleagues (2017) found that re-experiencing symptoms 

(e.g., recurrent and intrusive distressing recollection of the event) were not associated with 

blunted RewP. However, hyperarousal symptoms were associated with enhanced RewP. It is a 

strength in the current study that we use the IDAS subscales, which are empirically derived. 

However, future research in this domain could include measures of additional PTSD symptom 

clusters to better understand these associations with reward responsiveness.  

Strengths, Limitations, and Future Directions  

There are two major strengths with this dissertation. First, the inclusion of both a social and 

monetary reward task allows for the assessment of both overall reward sensitivity as well as 
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domain specific sensitivity. Second, the collection of both postpartum and antepartum 

psychopathology symptoms allowed me to probe if findings were significant above and beyond 

antepartum symptoms. Again, antepartum psychopathology symptoms are one of the strongest 

predictors of postpartum psychopathology symptoms. There are four key limitations with this 

dissertation. First, because the Social Incentive Delay task incorporated pictures of the 

participant’s own infant, participants were only able to complete the task during the postpartum 

EEG session. Thus, our findings are unable to indicate the degree to which experiences of birth-

related stressors are casually related to observed neural patterns. Second, although the BEI is 

based on a well validated interview protocol (i.e., Life Events and Difficulties schedule), the BEI 

itself has yet to be independently validated. Third, although we have been intentional about 

trying to enhance racial diversity in our recruitment, only 10% of our sample reported being 

Black and/or African American. It is estimated that approximately 27% of the population in the 

greater Nashville area is Black and/or African American (U.S. Census Bureau, 2021). The 

discrepancy in recruitment demographics limits the generalizability of our findings. This is 

particularly salient when considering that Black women are more likely to experience birth-

related stressors (Singh, 2020; Williams & Rucker, 2000). Further, because of the limited 

diversity in the sample, analysis options are limited (i.e., comparing White and non-Hispanic vs. 

Non-White and Hispanic participants). Future work on this topic should employ a longitudinal 

design and a more diverse sample to clarify causality in the models and increase generalizability. 

Lastly, although the current results support the possible clinical utility of psychophysiology (e.g., 

the utility of ERP measurement in the peripartum period to predict concurrent and prospective 

psychopathology symptoms), a significant amount of research is still necessary before such 

measures would be advisable for implementation. For example, additional research needs to 
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examine the incremental utility of these measures over and above established protocols for 

screening women for psychopathology (e.g., PPD) during the peripartum period.  

Conclusion 

 In the current study, both social and monetary neural reward responsiveness have been 

identified as relevant in the emergence of anxiety and traumatic intrusion symptoms in the 

postpartum period. Specifically, women with greater social reward responsiveness may be at 

heightened risk for postpartum anxiety symptoms over and above antepartum symptoms. 

Further, findings suggest that women with elevated social and monetary reward responsiveness 

may be at greater risk for traumatic intrusion symptoms following violations of expectations for 

their birth experience. These findings highlight the potential utility in ERP measures of social 

and monetary reward responsiveness for clarifying pathways to the emergence of 

psychopathology in the postpartum period. In addition, the use of both domains for reward and a 

dimensional measure of birth-related stressors, allowed for greater understanding of specific 

birth related stressors (i.e., violations of expectations vs. loss of control during the birth 

experience), that may be relatively specific in predicting postpartum psychopathology (e.g., 

traumatic intrusions vs. depressive) symptoms.   
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Table 1 Descriptive Statistics of Study Variables 

Variable n Mean SD Min Max Range 

T1 Depressive symptoms 117 36.47 11.04 22.00 92.00 70.00 

T2 Depressive symptoms 100 37.70 10.32 21.00 71.00 50.00 

T3 Depressive symptoms 94 36.59 8.64 23.00 65.00 42.00 

T1 Anxiety symptoms 117 4.18 4.11 0.00 21.00 21.00 

T2 Anxiety symptoms 100 4.67 4.46 0.00 20.00 20.00 

T3 Anxiety symptoms 94 3.68 3.97 0.00 16.00 16.00 

T1 Traumatic intrusion 

symptoms 116 5.56 2.42 4.00 16.00 12.00 

T2 Traumatic intrusion 

symptoms 98 5.14 2.34 4.00 17.00 13.00 

T3 Traumatic intrusion 

symptoms 94 4.98 1.57 4.00 11.00 7.00 

Income to needs ratio  92 1.64 0.55 0.38 3.50 3.13 

Life stress events  101 5.38 3.43 0.00 15.00 15.00 

BEI: Overall severity 95 2.48 1.00 1.00 5.00 4.00 

BEI: Loss of control  95 1.33 0.69 1.00 4.00 3.00 

BEI: Violation of 

expectation  95 2.11 0.94 1.00 4.00 3.00 

Social RewP UR 82 0.00 4.06 -10.45 10.57 21.03 

Monetary RewP UR 84 0.00 4.23 -7.84 12.79 20.64 

Note. T1=second trimester session. T2=third trimester session. T3=postpartum session. 

BEI=Birth Related Interview. UR=unstandardized residual.
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Table 2 Bivariate Correlations Among Study and Exploratory Variables 

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 

1. T1 Depressive 

symptoms 1.00             

2. T2 Depressive 

symptoms **0.76 1.00            

3. T3 Depressive 

symptoms **0.63 **0.54 1.00           

4. Lifetime MDD 

diagnosis **0.28 *0.25 **0.27 1.00          

5. Income to needs 

ratio -0.23 -0.09 0.04 -0.03 1.00         

6. Completed college     **-0.29 -0.12 0.03 -0.11 *0.30 1.00        

7 Race/Ethnicity  -0.06 -0.10 0.14 -0.07 **-0.30 *-0.22 1.00       

8. Life stress events **0.46 **0.53 **0.35 *0.22 *-0.25 **-0.29 0.07 1.00      

9. BEI: Overall 

severity 0.06 0.08 0.07 0.16 -0.07 -0.08 -0.01 0.20 1.00     

10. BEI: Loss of 

control -0.08 0.04 <0.01 0.12 -0.01 -0.03 0.03 *0.21 **0.67 1.00    

11. BEI: Violation of 

expectations  -0.03 0.10 0.10 0.04 -0.09 0.04 0.04 0.29 **0.18 **0.35 1.00   

12. Social RewP UR 0.10 0.17 *0.26 <0.01 -0.12 -0.03 0.01 -0.04 -0.01 -0.10 -0.02 1.00  

13. Monetary RewP 

UR 0.16 0.14 0.07 -0.20 <-0.01 0.19 0.07 0.20 -0.15 -0.01 0.21 **0.33 1.00 
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Note. * Correlation was significant at the .05 level (2-tailed). ** Correlation was significant at the .01 level (2-tailed). T1=second 

trimester session. T2=third trimester session. T3=postpartum session. UR=unstandardized residual. Lifetime MDD diagnosis was 

coded as 0=no lifetime diagnosis and 1=lifetime diagnosis. Completed college was coded 0=No bachelor’s degree and 1=bachelor’s 

degree or greater. Race/Ethnicity was coded as 0=White or non-Hispanic and 1=non-White or Hispanic. 
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Table 3 Aim 1: Linear regression models testing predictors of birth-related stressors and overall severity during the birth experience 

(n=120) 

Variable b SE  p 

95% CI 

LL UL 

T1 Depressive symptoms -0.01 0.02 -0.14 .451 -0.05 0.02 

T2 Depressive symptoms <0.01 0.02 0.02 .888 -0.03 0.03 

Lifetime MDD diagnosis 0.27 0.21 0.14 .203 -0.15 0.68 

Income to needs ratio  -0.06 0.20 -0.03 .773 -0.45 0.34 

Completed college       -0.06 0.33 -0.02 .848 -0.72 0.59 

Race/ethnicity -0.04 0.25 -0.02 .874 -0.54 0.46 

Life stress events 0.05 0.04 0.18 .153 -0.02 0.12 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. U=upper limit. T1=second trimester 

session. T2=third trimester session. Lifetime MDD diagnosis was coded as 0=no past MDD diagnosis and 1=past MDD diagnosis. 

Race/ethnicity was coded as 0=White or non-Hispanic and 1=non-White or Hispanic. Completed college was coded 0=No bachelor’s 

degree and 1=bachelor’s degree or greater. Life stress events were captured at third trimester. Significant findings were bolded.   
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Table 4 Aim 1: Linear regression models testing predictors of birth-related stressors and loss of control during the birth experience 

(n=120) 

Variable b SE  p 

95% CI 

LL UL 

T1 Depressive symptoms -0.02 0.01 -0.29 .110 -0.04 <0.01 

T2 Depressive symptoms 0.01 0.01 0.13 .402 -0.01 0.03 

Lifetime MDD diagnosis 0.05 0.14 0.04 .725 -0.22 0.32 

Income to needs ratio  -0.09 0.13 -0.08 .476 -0.35 0.17 

Completed college    0.19 0.22 0.11 .380 -0.24 0.62 

Race/ethnicity 0.02 0.17 0.01 .908 -0.31 0.35 

Life stress events 0.07 0.02 0.34 .003 0.02 0.12 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. U=upper limit. T1=second trimester 

session. T2=third trimester session. Lifetime MDD diagnosis was coded as 0=no past MDD diagnosis and 1=past MDD diagnosis. 

Race/ethnicity was coded as 0=White or non-Hispanic and 1=non-White or Hispanic. Completed college was coded 0=No bachelor’s 

degree and 1=bachelor’s degree or greater. Life stress events were captured at third trimester. Significant findings were bolded.   
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Table 5 Aim 1: Linear regression models between predictors of birth-related stressors and violation of expectations (n=120) 

 Variable b SE  p 

95% CI 

LL UL 

T1 Depressive symptoms -0.03 0.02 -0.35 .062 -0.06 <0.01 

T2 Depressive symptoms 0.01 0.01 0.11 .491 -0.02 0.04 

Lifetime MDD diagnosis 0.23 0.20 0.12 .243 -0.16 0.63 

Income to needs ratio  <0.01 0.19 <0.01 .978 -0.36 0.37 

Completed college      -0.01 0.32 <-.01 .979 -0.64 0.62 

Race/ethnicity 0.04 0.24 0.02 .861 -0.42 0.51 

Life stress events 0.07 0.03 0.26 .028 0.01 0.14 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. U=upper limit. T1=second trimester 

session. T2=third trimester session. Lifetime MDD diagnosis was coded as 0=no past MDD diagnosis and 1=past MDD diagnosis. 

Race/ethnicity was coded as 0=White or non-Hispanic and 1=non-White or Hispanic. Completed college was coded 0=No bachelor’s 

degree and 1=bachelor’s degree or greater. Life stress events were captured at third trimester. Significant findings were bolded.   
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Table 6 Aim 3: Simple linear regression model testing birth-related stressors as predictors of PPD symptoms (n=95) 

   Variable b SE  p 

95% CI 

LL UL 

BEI: Overall severity 0.57 1.19 0.07 .634 -1.77 2.90 

BEI: Loss of control 1.64 1.37 0.13 .231 -1.05 4.33 

BEI: Violation of expectations -0.66 1.34 -0.07 .623 -3.28 1.97 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit.  

  



 

 51  

 

Table 7 Aim 4: Main and interactive effects of social RewP and birth-related stressors on PPD symptoms (n=95) 

  Variable b SE  p 

95% CI 

LL UL 

Social RewP 1.57 0.92 0.73 .089 -0.24 3.38 

BEI: Overall severity  0.79 1.18 0.08 .504 -1.53 3.10 

BEI: Loss of control 1.72 1.36 0.14 .207 -0.95 4.39 

BEI: Violation of expectations  -0.87 1.34 -0.08 .518 -3.50 1.76 

BEI: Overall severity X Social RewP -0.38 0.43 -0.47 .381 -1.21 0.46 

BEI: Loss of control X Social RewP -0.35 0.42 -0.22 .401 -1.16 0.46 

BEI: Violation of expectations X Social RewP 0.15 0.34 0.15 .662 -0.51 0.81 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit.  
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Table 8 Aim 3: Simple linear regression model testing birth-related stressors as predictors of postpartum anxiety symptoms (n=95) 

 Variable b SE  p 

95% CI 

LL UL 

BEI: Overall severity -0.17 0.54 -0.04 .750 -1.24 0.89 

BEI: Loss of control 0.78 0.62 0.14 .213 -0.45 2.00 

BEI: Violation of expectations 0.46 0.61 0.11 .449 -0.73 1.66 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit.   
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Table 9 Aim 3: Simple linear regression model testing birth-related stressors as predictors of postpartum traumatic intrusion 

symptoms (n=95) 

  Variable b SE  p 

95% CI 

LL UL 

BEI: Overall severity 0.20 0.21 0.18 .336 -0.21 0.61 

BEI: Loss of control 0.18 0.24 0.08 .444 -0.28 0.65 

BEI: Violation of expectations 0.23 0.23 0.16 .245 -0.19 0.73 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit.   
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Table 10 Aim 4: Main and interactive effects of social RewP and birth-related stressors on postpartum anxiety symptoms (n=95) 

   Variable b SE  p 

95% CI 

LL UL 

Social RewP 0.96 0.41 0.97 .019 0.16 1.76 

BEI: Overall severity -0.11 0.52 -0.03 .835 -1.14 0.92 

BEI: Loss of control 0.89 0.61 0.16 .145 -0.31 2.09 

BEI: Violation of expectations 0.40 0.59 0.10 .501 -0.76 1.56 

BEI: Overall severity X Social RewP -0.26 0.19 -0.69 .177 -0.63 0.12 

BEI: Loss of control X Social RewP -0.19 0.18 -0.26 .316 -0.55 0.18 

BEI: Violation of expectations X Social RewP 0.10 0.15 0.22 .507 -0.19 0.39 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit.   
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Table 11 Aim 4: Main and interactive effects of social RewP and birth-related stressors on postpartum traumatic intrusions symptoms 

(n=95) 

  Variable b SE  p 

95% CI 

LL UL 

Social RewP 0.04 0.16 0.10 .781 -0.27 0.36 

BEI: Overall severity 0.26 0.20 0.16 .211 -0.14 0.65 

BEI: Loss of control 0.26 0.24 0.12 .275 -0.21 0.73 

BEI: Violation of expectations 0.21 0.23 0.13 .359 -0.24 0.67 

BEI: Overall severity X Social RewP -0.08 0.07 -0.56 .269 -0.23 0.06 

BEI: Loss of control X Social RewP -0.04 0.07 -0.14 .567 -0.18 0.10 

BEI: Violation of expectations X Social 

RewP 0.14 0.06 0.79 .018 0.02 0.25 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit. Significant findings were 

bolded. 
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Table 12 Aim 4: Main and interactive effects of monetary RewP and birth-related stressors on postpartum traumatic intrusions 

symptoms (n=95) 

Variable b SE  p 

95% CI 

LL UL 

Monetary RewP -0.04 0.12 -0.11 .765 -0. 28 0.21 

BEI: Overall severity 0.39 0.22 0.25 .071 -0.03 0.82 

BEI: Loss of control 0.40 0.26 0.18 .128 -0.12 0.91 

BEI: Violation of expectations 0.12 0.24 0.07 .617 -0.35 0.59 

BEI: Overall severity X Monetary RewP -0.03 0.06 -0.19 .636 -0.14 0.09 

BEI: Loss of control X Monetary RewP -0.13 0.07 -0.50 .065 -0.28 0.01 

BEI: Violation of expectations X Monetary 

RewP 0.15 0.06 0.84 .013 0.03 0.26 

Note. b=unstandardized beta coefficient. =standardized beta coefficient. LL=lower limit. UL=upper limit. Significant findings were 

bolded.
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Figure 1 Conceptual model of associations between variables to be tested with each study aim  
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Figure 2 Sample trial on the Social Incentive Delay task 
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Figure 3 Monetary Incentive Delay task 
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Figure 4 Grand averaged social RewP waveform (A) and monetary RewP waveform (B) and 

scalp topographies for responses to positive/win feedback minus responses to negative/loss 250-

350 ms 

 
Note. The RewP was scored at Cz.  
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Figure 5 Association between violations of expectations and traumatic intrusions at low, 

medium, and high levels of social RewP 
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Figure 6 Associations between violations of expectations and traumatic intrusions as a function 

of social RewP 
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Figure 7 Association between violations of expectations and traumatic intrusions at low, 

medium, and high levels of monetary RewP 
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Figure 8 Associations between violations of expectations and traumatic intrusions as a function 

of monetary RewP 
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