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CHAPTER 1

BACKGROUND

About four million women give birth each year in the United States (Martin et al., 2019),
with approximately 13% experiencing a depressive episode during pregnancy and 20%
experiencing depression during the postpartum period (Gavin et al., 2005). Depression occurring
during pregnancy and following childbirth, referred to as perinatal depression, is associated with
debilitating symptoms and negative outcomes in mothers, including poor quality of life, high
recurrence, and suicide risk (Lindahl et al., 2005; Slomian et al., 2019). Critically, impacts of
perinatal depression also extend to offspring and are associated with poorer cognitive
functioning, negative impacts on language development, higher rates of internalizing and
behavioral problems, and alterations in brain development (Bagner et al., 2010; Walker et al.,
2013; Zou et al., 2019). There are also unique barriers to perinatal depression treatment,
including the stigma of receiving mental health services during a time in one’s life often
expected to be a positive experience (Goodman, 2009) and concerns about antidepressant
medication use during pregnancy and when breastfeeding (Dennis & Chung-Lee, 2006). Given
the profound effects of perinatal depression on mothers and offspring, as well as evident barriers
to receiving treatment during this time, there is an urgent need to identify underlying processes
associated with perinatal depression risk to improve prevention and intervention efforts and

reduce burden on families.



1.1 Reward Responsiveness and Depression Risk

Outside of the perinatal period, alterations in the National Institute of Mental Health’s
Research Domain Criteria positive valence systems domain have been found to have important
implications for mental and physical health (Keren et al., 2018; Kujawa & Burkhouse, 2017,
Kujawa et al., 2020; Ng et al., 2019; Tugade et al., 2004). Positive valence systems include
behavioral and neurobiological processes driving responses in motivational contexts, such as
responses to reward and goal-directed behavior (National Institute of Mental Health [NIMH],
2023; Nusslock & Alloy, 2017). The domain is divided into three main constructs: reward
responsiveness, reward learning, and reward valuation (NIMH, 2023).

In the neuroscience literature, reward processing can be examined using several methods,
including neuroimaging and psychophysiology (e.g., electroencephalography; EEG). In the
perinatal period, most neuroimaging work on brain function has been restricted to the postpartum
period due to safety concerns during pregnancy. However, EEG is a neural measure that is safe
and easy to use during the entirety of the perinatal period that offers information about the time
course of emotional and cognitive processes at the neural level using time-domain scoring
approaches, including event-related potentials (ERPs), and underlying oscillatory patterns using
frequency-domain approaches, like time-frequency analysis (Hermann et al., 2014; Nelson et al.,

2018; Webb et al., 2021).

1.1.1 Time Domain Electroencephalography
One measure of response to reward using time-domain EEG is the reward positivity
(RewP) ERP component. The RewP is a robust and reliable neural measure that presents as a

relative positivity in the ERP waveform approximately 300 ms following reward or positive



feedback relative to negative or neutral feedback at frontocentral sites (Bress et al., 2015;
Kujawa et al., 2018; Proudfit, 2015). The component is also enhanced for unexpected vs
expected reward feedback (Holroyd & Krigolson, 2007) and thought to reflect a reward
prediction error signal that drives reinforcement learning (Holroyd & Coles, 2002). The RewP is
associated with activation of brain regions involved in reward processing. For example, in
research using source localization with a reward guessing task, the RewP appears to originate, in
part, from the striatum (Foti et al., 2011). In work using a risk-taking propensity task, the RewP
was localized to the dorsal anterior cingulate cortex (Kiat et al., 2016). Another method used to
examine associations between ERP components and underlying neural activity uses simultaneous
EEG and functional magnetic resonance imaging (fMRI). One such study found that increases in
EEG amplitudes in the RewP time window were associated with simultaneous increases in blood
oxygenation level dependent activity in the ventral striatum, midcingulate cortex, and midfrontal

cortex to positive feedback (Becker et al., 2014).

1.1.2 Time-Frequency Domain Electroencephalography

As a complement to time-domain ERP analysis, the EEG signal can also be characterized
as oscillations using time-frequency analysis, where brain activity is measured as changes in
amplitude and phase at different frequencies (Morales & Bowers, 2022). Time-frequency
research suggests that many ERPs are comprised of multiple overlapping frequency components
that cannot be differentiated in the time domain and may represent functionally distinct
underlying neural processes (Harper et al., 2014). In the context of reward processing, the RewP
ERP component appears to reflect a combination of two time-frequency components that each

have unique associations with reward and loss feedback (Bernat et al., 2015; Foti et al., 2015;



Webb et al., 2017). Specifically, delta activity (i.e., <4 Hz) has been found to be increased in
response to monetary gain feedback, and theta activity (i.e., 4-7 Hz) has been found to be
increased in response to monetary loss feedback (Bernat et al., 2015; Foti et al., 2015). Research
using source localization has found that delta activity in response to monetary win feedback may
originate in the striatum, while theta activity in response to monetary loss feedback is associated

with activity in the anterior cingulate cortex (Foti et al., 2015).

1.1.3 Reduced Neural Reward Processing as a Vulnerability for Depression

Both time-domain and time-frequency research suggest that alterations in reward
processing are associated with depression, both cross-sectionally and prospectively. In the time-
domain literature, a reduced RewP has been cross-sectionally correlated with depressive
symptoms in adults (Foti & Hajcak, 2009; Mulligan et al., 2019). Additionally, a reduced RewP
in children and adolescents has been found to prospectively predict the development of
depressive symptoms several years later (Bress et al., 2013; Bress et al., 2015; Kujawa, 2024;
Kujawa et al., 2019; Nelson, Perlman, et al., 2016). For example, in a large sample of never-
depressed adolescent girls, a reduced RewP was associated with greater depressive symptoms
and first onset of a depressive disorder measured 18 months later (Nelson, Perlman, et al., 2016).
In a study of boys and girls, a reduced RewP at age 9 was associated with greater depressive
symptoms reported 3 years later (Kujawa et al., 2019).

In the time-frequency literature, an enhanced theta to loss feedback has been associated
with depression. For example, one study found that adolescent girls with depression compared to
a control sample showed enhanced loss-related theta activity and no difference in reward-related

delta activity (Webb et al., 2017). Other work suggests that a reduced delta to reward activity is



associated with depression. For instance, in a sample of never-depressed adolescent girls,
reduced reward-related delta activity predicted first onset of a depressive disorder 18 months
later, with no associations between loss-related theta and the development of depression (Nelson
et al., 2018). Similarly, in young adults, reduced reward-related delta activity has been associated
with greater depressive symptoms, with no significant associations with loss-related theta
activity (Foti et al., 2015).

Previous work has found weak to moderate associations between RewP and reward-
related delta and loss-related theta with each other (Foti et al., 2015; Nelson et al., 2018; Webb et
al., 2017), which suggests that time domain and time-frequency measures may be assessing
somewhat different processes and may provide unique information about reward processing.
Furthermore, given distinct findings for feedback conditions in analyzing delta and theta power,
the time-frequency domain may be better suited for teasing apart reward and loss processes
compared to time-domain ERP measures in understanding associations with depression. Because
loss is also conceptually related to depression (Woody & Gibb, 2015), in addition to changes in
positive valence systems function, examining distinctions between neural response to win and
loss feedback using both delta and theta may be particularly important.

Neuroimaging work similarly finds that alterations in reward responsiveness are
associated with depression, particularly reduced response to reward in the striatum (Forbes et al.,
2006; Forbes & Dahl, 2012; Keren et al., 2018; Ng et al., 2019; O’Callaghan & Stringaris, 2019;
Stringaris et al., 2015). For example, in one study, reduced activation of the ventral striatum in
anticipation of reward was associated with the development of and increases in depressive
symptoms in adolescents 2 years later (Stringaris et al., 2015). Meta-analytic work also supports

associations between reduced activation of the striatum and depression (Keren et al., 2018; Ng et



al., 2019), including one meta-analysis that found that reduced activity was observed prior to the
onset of depression in adolescents in longitudinal studies (Keren et al., 2018).

In summary, alterations in positive valence systems function have been associated with
depression and depression risk both in terms of cross-sectional associations and in prospectively
predicting the development of depression longitudinally (Bress et al., 2013; Foti & Hajcak, 2009;
Keren et al., 2018; Kujawa & Burkhouse, 2017; Kujawa et al., 2020; Mulligan et al., 2019;
Nelson, Perlman, et al., 2016; Ng et al., 2019). In particular, longitudinal work supports a model
in which blunted reward processing may be a neural marker of vulnerability for depression that
can be observed in at least as early as middle childhood (Kujawa, 2024). The only current study
to date examining neural reward processing as measured by RewP and depression at mid
pregnancy cross-sectionally observed that a blunted RewP was associated with depressive
symptoms (Mulligan et al., 2019). Given this prior work, it is possible that a reduced response to
reward may be trait-like and present as a vulnerability for the development of depression across

the perinatal period.

1.1.4 Potential Bidirectional Associations between Reward and Depression

Although prospective studies suggest that reduced reward responsiveness may be a
vulnerability for the development of depression, and cross-sectional studies also support
associations between reduced response to reward and depression, little work has examined and
tested alternative models of associations between depression and reward responsiveness
longitudinally, particularly in adults. One recent longitudinal study in a community sample of
youth provided evidence for bidirectional effects between RewP and depression, such that a

reduced RewP at age 12 was associated with greater depressive symptoms at age 15 and greater



depressive symptoms at age 12 were also associated with a reduced RewP at age 15 (Mackin et
al., 2023). In practice, when feeling depressed, people tend to disengage and withdraw from the
environment, which may lead to further reductions in response to rewarding stimuli. As previous
work suggests, there may be a pre-existing underlying tendency towards low reward
responsiveness in depression at least for some. However, it is also possible that experiences
during depression may lead to further tendencies to downregulate reward responsiveness. This
reciprocal effect may explain high rates of recurrence and persistent impairments in functioning
following the experience of a major depressive episode (Solomon et al., 2000). Thus, reduced
reward responsiveness may be both a vulnerability for the experience of later depression and an
outcome of previously experiencing depression, sometimes referred to as the “scarring effect”
(Klein et al., 2009). Longitudinal work with multiple assessments of both reward responsiveness
and depressive symptoms has the potential to help tease apart directionality of these known

associations.

1.2 Stress and its Role in Pathways to Depression

Pathways to depression are complex, and there is evidence that many other factors,
including exposure to stressors, are also associated with depression as well as the effects of
reward responsiveness on depression across time (Kujawa et al., 2020; Pegg et al., 2019). Stress
is a broad term that encompasses distinct components, including exposure to stressful events
(i.e., stressors) and the physiological and psychological response to stressors (Harkness &
Monroe, 2016). Empirically, stressors can be conceptualized and studied in several ways,
including through the measurement of acute stress induced by exposure or threat of exposure to

aversive stimuli in the laboratory (e.g., cold water, cold pressor task; Lovallo, 1975), naturalistic



stressors through self-report or interview-based measures (Harkness & Monroe, 2016), and
perceived stress (i.e., one’s subjective appraisal of their physical and psychological response to
stress; Harkness & Monroe, 2016; Phillips, 2013).

Greater stress is consistently associated with increased risk for and poorer course of
physical and mental health conditions, including depression (Cohen et al., 2007; Cohen et al.,
2019). Exposure to life stressors is an established predictor of depression across the lifespan,
including in the perinatal period (Beck, 2001; Chapman et al., 2004), with about 80% of major
depressive episodes in community samples occurring after major life events (Hammen, 2005;
Mazure, 1998). People diagnosed with depressive disorders are about 2.5 times more likely to
experience stressors compared to control groups without a history of depression (Hammen, 2005;
Mazure, 1998). Exposure to stressful events also predicts increases in symptoms of
psychopathology over time (Grant et al., 2004). However, despite the association between
exposure to stressors and depression, many people who experience life stressors, including

people during the perinatal period, do not develop depression.

1.3 Stress, Reward Responsiveness, and the Vulnerability-Stress Model of Depression

There is also evidence to suggest that stress may directly influence reward
responsiveness. For example, following exposure to acute laboratory-induced stressors, such as
the cold pressor task, neuroimaging studies have observed decreases in activation to reward
feedback in reward-related regions of the brain, particularly the dorsal and ventral striatum (Born
et al., 2010; Kumar et al., 2014; Lincoln et al., 2019; Porcelli et al., 2012). Studies have also
found differential activation of the orbitofrontal cortex to rewards following exposure to acute

stress (Born et al., 2010; Porcelli et al., 2012; van Leecuwen et al., 2019). The EEG literature



similarly shows associations between blunted reward-related ERPs and acute stressors, as found
in our recent systematic review and meta-analysis (Pegg & Kujawa, 2024). In this paper, the
direct impact of stress on reward processing was more consistently observed following exposure
to acute laboratory-induced stressors, compared to naturalistic stressors or measures of perceived
stress. A direct effect of stress on reward responsiveness may depend on timing of exposure to a
stressor relative to the measurement of reward, or may be dependent on other factors, such as
developmental timing and type of stressors (Pegg & Kujawa, 2024).

Several EEG studies, particularly those examining naturalistic stressors, have found
support for a vulnerability-stress model for depression, such that the combination of exposure to
stressors and reduced response to monetary reward was associated with depressive symptoms
(Burani et al., 2023; Burani et al., 2021; Goldstein et al., 2020; Yan et al., 2023). For example,
one study in a sample of adolescent girls found that a reduced RewP interacted with greater
lifetime exposure to acute stressors in predicting increases in depressive symptoms over a 2-year
period (Burani et al., 2023). Similarly, in a community sample of youth, a reduced RewP was
associated with higher depressive symptoms three years later for those who had experienced
higher levels of stressful life events (Goldstein et al., 2020). This work is also supported by the
fMRI literature, where ventral striatal activity during reward tasks has been found to interact
with exposure to life stressors in predicting depressive symptoms in samples of youth and young
adults (Corral-Frias et al., 2015; Luking et al., 2018). Thus, it is possible that people with
preexisting reduced response to reward may be more likely to be negatively impacted by
exposure to stressors, potentially leading to the development of depression.

However, the complexity of relations between reward, depression, and exposure to

stressors may be greater than the vulnerability-stress model alone. It is also possible that the



combination of experiencing depression and associated stressors may further blunt reward
responsiveness, which may impact risk of recurrence for depression. Sensitization may also
occur, such that less stress is required to elicit the same depressogenic response (Burcusa &
Iacono, 2007), which may be related to the impact of stress and experience of prior depression on
reward responsiveness. It is not clear based on the current literature which direction the influence
of stress, reward, and depression may have on each other over time across development.
Longitudinal work measuring reward responsiveness and depression across multiple time points

may be able to tease these complex relations apart.

1.4 Positive Valence Systems Function in the Perinatal Period

The perinatal period is a unique and important life stage for many in which biological
changes to the positive valence systems associated with promoting and maintaining maternal
behaviors following childbirth occur (Champagne et al., 2004; Ferris et al., 2005), which may
also be associated with perinatal depression. For example, reward regions of the brain are
activated in non-depressed mothers during the postpartum period when hearing infant cries
(Lorberbaum et al., 2002) and seeing their own infant smiling (Strathearn et al., 2008). In EEG
research, an enhanced RewP during pregnancy has been associated with increased self-reported
pleasure experienced around their infant postpartum (Mulligan et al., 2021). In contrast,
postpartum depression is associated with reduced activation in reward-regions of the brain in
response to infant cries (Laurent & Ablow, 2012) and positive stimuli (Silverman et al., 2007).
Biological changes during the perinatal period also impact the hypothalamic-pituitary-adrenal
axis system, which mediates the body’s response to stressors (Duthie & Reynolds, 2013; Sheng

et al., 2021). Additionally, while previous history of depression is a predictor of perinatal

10



depression (Silverman et al., 2017), some people experience depression for the first time during
pregnancy or the postpartum period (Kiewa et al., 2022). Altogether, the biological changes
unique to the perinatal period make it an interesting life stage to examine links between reward
responsiveness, stress, and depression. By studying these factors longitudinally, we may gain
valuable insights into the development of depression that can be used to develop more targeted

prevention and intervention efforts for perinatal depression.

1.5 Summary and Integration

In summary, current evidence suggests that reduced reward responsiveness prospectively
predicts depression and is associated with depressive symptoms cross-sectionally across the
lifespan and during pregnancy (e.g., Bress et al., 2013; Mulligan et al., 2019; Nelson, Perlman, et
al., 2016). Stress seems to moderate the effect of reward responsiveness on depression, such that
the combination of greater exposure to stressors and reduced response to reward is associated
with greater depressive symptoms (e.g., Burani et al., 2021; Goldstein et al., 2020). Additionally,
biological changes unique to the perinatal period also appear to directly impact functioning of the
positive valence systems, particularly reward responsiveness (e.g., Lorberbaum et al., 2002;
Mulligan et al., 2018). However, no longitudinal work to date has tested bidirectional
associations between reward responsiveness and depression and the influence of stress on these
relations across time. Furthermore, little is known about how these processes manifest during the
perinatal period. This research is critically needed to better understand perinatal depression risk
and expand the current neuroscience literature beyond the postpartum period when depression

has been shown to have significant negative impacts on both mother and child.
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1.6 The Current Study

The present study aimed to address these gaps in the literature with a sample of 120
pregnant women recruited between the ages of 18-40 years old and oversampled for depression
risk. Participants were assessed during the second trimester (approximately 20 weeks gestation),
third trimester (approximately 34 weeks gestation), and approximately 8 weeks postpartum. An
EEG was completed at each assessment, along with measures of depression diagnoses,
depressive symptoms, and experience of major life stressors over the course of the participant’s
lifetime.

To examine dynamic changes in reward responsiveness and depressive symptoms across
the perinatal period, I used a random-intercept cross-lagged panel model (RI-CLPM; Hamaker et
al., 2015). The traditional cross-lagged panel model does not differentiate between- from within-
person effects and has received criticism for the potential to bias estimates of within-person
effects if variables in the model exhibit stable individual differences (Hamaker et al., 2015). The
RI-CLPM is an extension of the cross-lagged panel model and, with at least three time points,
can break data into both between- and within-person effects across time, thus providing less
biased estimates of within-person effects compared to the traditional cross-lagged panel model
(Hamaker et al., 2015).

The RI-CLPM is estimated using structural equation modeling (SEM; Hamaker et al.,
2015; Mulder & Hamaker, 2021). Data are decomposed into grand means, between-person
components, and within-person components. Grand means are allowed to vary over time or can
be fixed as time-invariant. Between-person components are represented by the random
intercepts, which are a person’s time-invariant deviation from the grand means and signify the

stable differences between participants. In the model, a latent variable is created for each random

12



intercept using the repeated measures for each variable as its indicators and by fixing the factor
loadings to 1. The within-person components are the differences between a person’s observed
data and their expected score based on the grand means and random intercepts. In the model, a
latent variable is created for each measure at each wave, and its measurement error variance is
constrained to 0. The model probes both autoregressive and cross-lagged effects between
measures. Interaction effects can also be added into the model to examine potential impacts of
time-invariant or time-varying moderators on estimated paths (Mulder & Hamaker, 2021; Ozkok
et al., 2022; Speyer et al., 2023).

Given that reward responsiveness may be trait-like in nature (Bress et al., 2013; Nelson,
Perlman, et al., 2016), the RI-CLPM as a model can be used to estimate within-person relations
between reward responsiveness across the perinatal period. Previous work has also observed that
level of severity of depressive symptoms and symptom presentation over the perinatal period
may not be consistent over time and may decrease during early postpartum (Cochran et al., 2020;
Jietal., 2011; Pingeton et al., 2023), further supporting the use of a model such as the RI-CLPM
to examine dynamic changes in symptoms as well as relations with reward processing across the
perinatal period.

The first aim of the present study was to examine longitudinal associations between
reward measures (i.e., RewP as a measure of the time-domain, delta and theta power as measures
of the time-frequency domain) and depressive symptoms across the perinatal period using RI-
CLPMs (Aim 1; Figure 1). I hypothesized that reward responsiveness (i.e., reduced RewP and
delta to win feedback, enhanced theta to loss feedback) would predict increases in depressive
symptoms across time, and that bidirectional associations would emerge such that increases in

depressive symptoms would also predict further influence reward responsiveness (i.e., further
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reduce RewP and delta to win feedback, further increase theta to loss feedback), similar to recent
work outside of the perinatal period with the RewP (Mackin et al., 2023). Six models were
examined, two for each measure of reward responsiveness comparing both subtraction and
residual difference scores (i.e., RewP to win accounting for loss, delta power to win accounting

for loss, and theta power to loss accounting for win).

Figure 1
Random-Intercept Cross-Lagged Panel Model Examining Dynamic Relations between

Depressive Symptoms and Reward Responsiveness (Aim 1)

Between

UIYNAA

Note: B denotes time-invariant between-person random intercepts; W denotes within-person

components; Dj; denotes depressive symptoms; Ri; denotes reward responsiveness

The second aim of the study was to examine whether exposure to life stressors moderated
associations between reward responsiveness and depressive symptoms across time (Aim 2;
Figure 2). Given limitations with the current sample size and number of waves for data

collection, a series of linear regressions was used rather than incorporating interaction terms into
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the Aim 1 RI-CLPMs. Specifically, I examined whether stress significantly interacted with
depressive symptoms in predicting reward responsiveness at the next time point, while
controlling for earlier measurement of depressive symptoms and reward responsiveness, and vice
versa (i.e., reward responsiveness predicting depressive symptoms at the next time point) for all
time points. For the measurement of stress, exposure to stressors, including major life events and
negative experiences, over the course of the participant’s lifetime prior to their current pregnancy
was used, consistent with some prior work investigating associations between reward
responsiveness and stress predicting depression outside of the perinatal period (e.g., Burani et al.,

2022; Burani et al., 2023).

Figure 2
Example Models Examining Lifetime Stressor Exposure as a Moderator of Associations between

Depressive Symptoms and Reward Responsiveness over Time (Aim 2)

Lifetime Stressor
Exposure

Reward Depressive
Responsiveness () Symptoms (t+17)

Lifetime Stressor
Exposure

Depressive Reward
Symptoms () Responsiveness (t+17)

Note: Measurement of each variable at earlier time points is not depicted in the figure but was
controlled for in models (e.g., covarying depressive symptoms at time # when predicting

depressive symptoms at time ¢+17).
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I hypothesized that the longitudinal effects of reward responsiveness on depressive
symptoms would be strongest among participants who had experienced a greater number of
lifetime stressors prior to their current pregnancy. Furthermore, I anticipated that similar patterns

would emerge for the effects of depressive symptoms on reductions in reward responsiveness.
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CHAPTER 2

METHOD

2.1 Participants

Participants were 120 pregnant individuals who identified as women aged 18-40 years
old recruited as close as possible to 20 weeks gestation for a longitudinal study. This age range
was selected to avoid potential confounds with hormonal changes associated with perimenopause
(Weiss, 2007). Eligible participants spoke and read English fluently and had single-gestation
pregnancies. Participants who had prior diagnoses of bipolar disorder or mania, borderline
personality disorder, or psychosis, or who were carrying fetuses with known congenital, genetic,
or neurological disorders were excluded.

Participants completed study visits at approximately 20 weeks gestation, 34 weeks
gestation, and 8 weeks postpartum. At each time point, participants completed questionnaire and
interview measures and an EEG assessment, which included a monetary reward task (Figure 3).
Of the 120 enrolled participants, 117 completed at least one of the study measures used in the

present analyses at time 1, 100 at time 2, and 94 at time 3.
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Figure 3

Study Timeline

Time 1

Time 2

(20 weeks
gestation)

!

Time 3

v

(34 weeks
gestation)

!

\ 4

(8 weeks
postpartum)

|

Depression (IDAS general
depression)

Depression (IDAS general
depression)

Depression (IDAS general
depression)

Neural reward responsiveness
(MID)

Neural reward responsiveness
(MID)

Neural reward responsiveness
(MID)

Stress Exposure (LSC-R;
lifetime and current pregnancy)

Stress Exposure (LSC-R; since
last visit)

Note: IDAS = Inventory of Depression and Anxiety Symptoms; LSC-R = Life Stress Checklist-

Revised; MID = Monetary Incentive Delay task

At study entry, participants were on average 30.63 years old (SD = 4.72). In terms of
racial and ethnicity makeup of the sample, participants identified as White (79.5%), Black or
African American (10.3%), Asian (2.6%), and other race or multiple races (7.7%), and 9.4%
identified as Hispanic or Latino/x/e. Participants reported their highest degree or level of
education as some high school, no diploma (2.6%); high school diploma or equivalent (10.3%);
some college credit, no degree (1.7%); trade, technical, or vocational training (2.6%); Associate
degree (44.4%); and Bachelor’s degree (38.5%). For employment status, most participants
reported being employed for wages (85.5%), followed by being a homemaker (6.0%), being a
student (3.4%), being out of work and looking for work (2.6%), being self-employed (1.7%), and
working part-time (0.9%). Most were in a serious relationship (94.9%). In terms of annual
household income before taxes, participants reported income in the $0-5,000 range (0.9%),

$5,001-$15,000 range (2.6%), $15,001-$30,000 range (4.3%), $30,001-$60,000 range (17.2%),
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$60,001-$90,000 range (22.4%), $90,001-$150,000 range (30.2%), and greater than $150,000
(22.4%). There was 1 participant who did not report their annual income.

Research staff administered a semi-structured interview, the Diagnostic Interview for
Anxiety, Mood, and Obsessive-Compulsive and Related Neuropsychiatric Disorders
(DIAMOND:; Tolin et al., 2018), to assess for history of DSM-5 disorders at each time point. At
study entry, 74.4% of participants were considered at high risk for the development of depression
based on meeting at least one of the following criteria: 59.8% endorsed having had a depressive
episode during their lifetime based on the DIAMOND interview, 11.1% endorsed current
subthreshold or clinical depressive symptoms on the Edinburgh Postnatal Depression Screener
using a cutoff score of > 13 (Matthey et al., 2006), and 39.3% endorsed a history of childhood

maltreatment on the Childhood Trauma Questionnaire using cutoff scores of emotional neglect >

10, emotional abuse > 9, sexual abuse > 6, physical abuse > 8, and/or physical neglect > 8
(Spinhoven et al., 2014).

In terms of depressive diagnoses at study entry, 3.4% of participants met criteria for
current major depressive disorder (MDD), 0.9% met for current persistent depressive disorder
(PDD) with a persistent major depressive episode, 3.4% met for current PDD (i.e., not
concurrent PDD and MDD), 0.9% met for current unspecified depressive disorder, 51.3% met
for past MDD, 10.3% met for past PDD, and 4.3% met for past unspecified depressive disorder.
At late pregnancy (time 2) where data were recorded as “since the last visit”, 1.0% met for
current MDD, 1.0% met for current unspecified depressive disorder, and 5.0% met for past
MDD. At postpartum (time 3) where data were recorded as “since the last visit”, 2.1% met for
current unspecified depressive disorder, 6.3% met for past MDD, and 1.1% met for past

unspecified depressive disorder.
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2.2 Measures

2.2.1 Self-Reported Depressive Symptoms

Participants completed the Inventory of Depression and Anxiety Symptoms (IDAS), a
validated self-report measure of recent (i.e., during the past two weeks) depressive and anxiety
symptoms (Watson et al., 2007), at each visit. The measure produces several subscales, including
the 20-item general depression scale, which was used in the present analyses. The general
depression scale assesses symptoms of depression, including depressed mood and sleep
disturbance. Each item is rated from 1 (“not at all”’) to 5 (“extremely”), and scores can range
from 20 to 100. Scores above 55.5 (out of 100) indicate possible MDD (Stasik-O’Brien et al.,
2019). Six participants had depressive symptom scores above this score at time 1, 5 at time 2,
and 4 at time 3. Average scores were 36.47 (SD = 11.04) at mid pregnancy, 37.70 (SD = 10.32) at
late pregnancy, and 36.59 (SD = 8.64) at postpartum. Internal consistency was excellent at all

three time points (Cronbach’s a = .92, .91, and .87, respectively).

2.2.2 Neural Reward Responsiveness

To measure response to monetary reward, participants completed an ERP version of the
monetary incentive delay task (Figure 4; Novak & Foti, 2015). At the beginning of each trial,
participants were presented with a cue that indicated either a monetary incentive trial (i.e., a blue
dollar sign) or a non-incentive trial (i.e., white outline of a circle) for 500 ms. After the cue,
participants were shown a fixation point with varying length from 2000-2500 ms as an
anticipatory period. Participants were asked to respond as quickly as possible by clicking the left

mouse button when a target (i.e., a white box) was presented. Task difficulty was adjusted
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depending on the participant’s performance, with target time beginning at 200 ms and decreasing
by 10 ms following a successful response and increasing by 10 ms following an unsuccessful
response. After the target, a fixation cross was presented for a total of 1500 ms from target onset
to feedback onset. For monetary incentive trials, a green up arrow was shown following a
successful response, and participants gained $0.40. A red down arrow was shown following an
unsuccessful response, and participants lost $0.20. For non-incentive trials, participants neither
won nor lost money regardless of performance, and a horizontal yellow line was presented.
Feedback was presented for 2000 ms, followed by a fixation cross for 1000 ms prior to the start

of the next trial. There were 50 incentive trials and 22 non-incentive trials across the task.

Figure 4
Sample Trial on Monetary Incentive Delay Task

Trial Cue Target Feedback

500 ms 2000-2500 ms 1500 ms 2000 ms 1000 ms

E e
| |
I |

2.2.2.1 EEG data collection. Continuous EEG data were recorded using a 32-electrode
BrainProducts actiCHamp system (Munich, Germany). As part of data collection protocols early
in the COVID-19 pandemic designed to reduce contact time between participants and study staff,
16 channels (FP1, Fz, FT9, FC1, TP9, CP1, Pz, O1, Oz, 02, TP10, CP2, FT10, FC2, FP2, and

Cz) were used for a portion (28.0%) of the sample towards the beginning of data collection. The
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remaining EEG assessments used 32 channels. For 16-channel assessments, eye movements
were accounted for using channels FP1 for vertical eye movements and FT9/FT10 for horizontal
eye movements (Pegg et al., 2024). For most 32-channel assessments, facial electrodes
measuring electrooculogram from eye movements and blinks were attached about 1 cm above
and below the right eye and 1 cm on either side of each eye and referenced to an electrode placed
on the back of the participant’s neck, per the BrainProducts bipolar-to-auxiliary adapter design.
For 32-channel assessments when data from facial electrodes were not available, channels FP1
and FT9/FT10 were used as in the 16-channel assessment procedure. Impedances were lowered
below 30 kQ. Data were collected using a 1000 Hz sampling rate.

Not all participants completed the EEG visit at each time point. EEG data were collected
for 115 participants at the mid pregnancy visit, 98 at the late pregnancy visit, and 91 at the
postpartum visit. EEG data for some participants were excluded at each time point. Specifically,
at the mid pregnancy visit, data for 11 participants were excluded due to noisy mastoid electrode
channels (n = 6), data collection error (n = 3), and noisy data across electrode channels (n = 2).
This led to a final sample with EEG data of 104 participants at the mid pregnancy visit. At the
late pregnancy visit, data for 7 participants were excluded due to noisy mastoid electrode
channels (n = 3), data collection error (n = 2), and noisy data across electrode channels (n = 2).
This led to a final sample with EEG data of 91 at the late pregnancy visit. At the postpartum
visit, data for 7 participants were excluded due to noisy mastoid electrode channels (n = 3), noisy
data across channels (n = 3), and data collection error (n = 1). This led to a final sample with
EEG data of 84 at the postpartum visit.

2.2.2.2 Time domain processing. For time-domain data processing, EEG data were

band-pass filtered using 0.1 and 30 Hz cutoffs and re-referenced offline to linked mastoids, TP9
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and TP10. When data from a mastoid channel were noisy, the mastoid was interpolated (only for
participants with data collected using 32 channels). Ocular correction was conducted using
Gratton’s algorithm (Gratton et al., 1983). Semiautomatic artifact rejection was then conducted
using the following criteria: voltage step greater than 50puV/ms between sample points,
maximum voltage difference of 1751V within 400ms intervals, a minimal allowed amplitude of -
200 pV and maximal allowed amplitude of 200 pV, and lowest allowed activity of 0.5 uV within
100 ms intervals. Data were then visually inspected to remove any remaining artifacts. Data from
channels that had low trial counts (< 25% of total trials possible available at a given channel)
were interpolated prior to artifact rejection. Data were segmented into feedback type 200 ms
prior to feedback onset and 1000 ms after. Segments for each feedback type were then averaged
and baseline corrected using a baseline window of 200 ms to 0 ms prior to feedback onset.
Based on prior work with monetary RewP (e.g., Proudfit, 2015) and visualization of the
sample grand averages at each time point (Figure 5), RewP was scored 250-350 ms at Cz. After
artifact rejection, there were an average of 23.90 (SD = 1.80) segments at Cz for wins and 24.61
(SD = 2.68) for losses at mid pregnancy, 24.04 (SD = 1.79) for wins and 24.86 (SD = 2.03) for
losses at late pregnancy, and 24.07 (SD = 2.24) for wins and 25.08 (SD = 2.27) for losses at
postpartum. Split-half reliability for the RewP was excellent for RewP to wins (Spearman-Brown
coefficient: 0.85-0.91) and losses at each time point (Spearman-Brown coefficient: 0.83-0.89).
To isolate differences in the neural processes active for these types of trials while
removing other potential concurrent neural processes that do not differ between the trial types,
the relative difference between the ERP waveforms of two different trial types (e.g., positive
compared to negative feedback) can be used (Luck, 2014). Common methods to compute this

measure of change in ERPs across trial types include subtraction and residual scores (Clayson et
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al., 2021; Luck, 2014; Meyer et al., 2017). Recent longitudinal work using SEM has employed
subtraction-based difference scores (Mackin et al., 2023; hereafter referred to as “subtraction
scores”), but residual-based difference scores may be a more reliable alternative (Meyer et al.,
2017; hereafter referred to as “residual scores”). To examine potential differences based on
scoring approach, RewP was scored as a difference score using both subtraction and residual
scoring. Means and standard deviations for RewP subtraction scores were as follows: mid
pregnancy M = 2.69, SD = 3.88; late pregnancy M = 2.03, SD = 3.93; postpartum M = 3.29, SD =
4.24. The means for residual scores are always 0. Standard deviations for RewP residual scores

were as follows: mid pregnancy SD = 3.70; late pregnancy SD = 3.77; postpartum SD = 4.23.
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Figure 5

Event-Related Potential Waveforms and Scalp Distributions at (4) Mid Pregnancy, (B) Late

Pregnancy, and (C) Postpartum
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2.2.2.3 Time-frequency domain processing. The time-frequency processing stream
followed the time-domain processing steps described in 2.2.2.2 with a few exceptions.

Specifically, data were segmented using a wider time window, 1000 ms prior to feedback onset
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to 1000 ms after feedback onset, to discard edge effects (Cohen, 2014; Foti et al., 2015; Webb et
al., 2017). Following artifact rejection, a complex Morlet wavelet transformation with
instantaneous amplitude (Gabor normalization) was applied with a Morlet parameter ¢ of 3.5
from 0.5 Hz to 20 Hz in 30 frequency steps distributed on a logarithmic scale with baseline
normalization in decibels using the window of 300 ms to 100 ms prior to feedback onset
following previous work and recommendations for scoring lower frequencies (Cohen, 2014;
Ethridge et al., 2020; Sandre & Weinberg, 2019; Webb et al., 2017). Values were exported as
spectral power (uV?), consistent with previous work (Sandre & Weinberg, 2019; Webb et al.,
2017). Data were then averaged for win and loss conditions separately for a measure of total
power. Wavelet layers were selected and extracted at the participant level based on previous
work (Ethridge et al., 2020; Sandre & Weinberg, 2019; Webb et al., 2017) and visualization of
the grand averages (Figure 6). Specifically, the central frequency of 2.3 Hz and spectral
bandwidth of 1.32 Hz was selected for delta, and the central frequency of 5.6 Hz and spectral
bandwidth 3.2 Hz was selected for theta.

Following examination of the grand average at each time point and consolidating
recommendations from prior work (Ethridge et al., 2020; Sandre & Weinberg, 2019; Webb et al.,
2017), delta was scored as the mean activity 250-350 ms following feedback at Cz and theta was
scored as the mean activity 250-350 ms at Cz. Similar to the RewP, subtraction and residual
scores were computed for delta and theta power, where win relative to loss feedback was
examined for delta and loss relative to win feedback was examined for theta. Means and standard
deviations for delta subtraction scores were as follows: mid pregnancy M = 0.90, SD = 2.05; late
pregnancy M = 0.41, SD = 2.34; postpartum M = 0.66, SD = 2.31. The means for residual scores

are always 0. Standard deviations for delta residual scores were: mid pregnancy SD = 1.86; late
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pregnancy SD = 2.18; postpartum SD = 2.26. Means and standard deviations for theta subtraction
scores were: mid pregnancy M = 0.60, SD = 2.25; late pregnancy M = 0.63, SD = 2.29;
postpartum M = 0.78, SD = 2.28. Standard deviations for theta residual scores were: mid

pregnancy SD = 2.10; late pregnancy SD = 2.03; postpartum SD = 2.10.
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Figure 6

Time-Frequency Plots and Scalp Distributions for the Win Minus Loss Conditions at Cz at (4)

Mid Pregnancy, (B) Late Pregnancy, and (C) Postpartum
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Note: Delta and theta are shown in the black outlined boxes. The boxes are the width of the
scored range (250-350ms) and the height of the wavelet band. Scalp distributions are recorded at

the midpoint of the scored range within the corresponding wavelet bands for delta and theta

(approximately 300ms).



2.2.3 Lifetime Stressor Exposure

Participants completed the Life Stressor Checklist Revised (LSC-R) at the late pregnancy
and postpartum visits with a trained interviewer (Wolfe et al., 1997). The LSC-R assesses for
experience of a range of stressful life events, including natural disasters, serious accidents,
divorce, and physical or sexual assault. At late pregnancy, participants endorsed having ever
experienced the listed stressors with an option to describe other stressors not included in the
measure at the end of the interview. They also reported whether the stressors occurred during
their current pregnancy. At postpartum, participants reported whether they had experienced any
of the events (with the optional unlisted stressor item at the end of the measure) since their last
visit and whether that event was during their current pregnancy or in the postpartum period. For
3 participants without LSC-R data at late pregnancy, events were endorsed over the course of
their lifetime and recorded as having occurred prior to their current pregnancy, during their
current pregnancy, or within their current postpartum period. Endorsement of stressors
experienced during the study was low; there were 31 participants who endorsed at least one
event during their current pregnancy, with the average number of events across the sample being
0.41 (SD = 0.69; minimum = 0; maximum = 4), and there were 23 participants who endorsed at
least one event during their postpartum period, with the average number of events across the
sample being 0.32 (SD = 0.66; minimum = 0; maximum = 4). Given this low endorsement of
current stressors, I focused on lifetime stressor exposure experienced prior to the participant’s
current pregnancy; 102 participants endorsed at least one event, with the average being 5.13

events across the sample (SD = 3.29; minimum = 0; maximum = 15).
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2.3 Data Analysis

Extreme values on neural reward responsiveness variables were identified as being plus
or minus 3 standard deviations from the mean for a given variable. For time domain data, there
was 1 outlier identified for RewP to wins at mid pregnancy and 1 for RewP to wins at late
pregnancy. For time-frequency data, there were 2 outliers for theta to wins at mid pregnancy and
one outlier for delta to losses at postpartum. These outliers were removed from analyses prior to
the calculation of difference and residual scores. For the IDAS general depression scale, there
were 2 outliers at mid pregnancy, 1 at late pregnancy, and 1 at postpartum. These values were not
removed given that they represented true scores on the depression measure and the focus of the
study on depressive symptoms.

Given differences in processing across participants in terms of channels used in ocular
correction, whether offline mastoid channels (i.e., TP9 and TP10) were interpolated prior to
processing, and number of electrode channels used (i.e., 16 vs 32 channels), [ also examined
whether there were differences in subtraction and residual scores for RewP, delta, and theta based
on data processing differences using independent samples #-tests at each time point. There were
no significant differences based on whether facial electrodes or another combination of
electrodes (e.g., cap and facial electrodes, just cap electrodes) were used in processing (ps >
.078) nor whether the mastoid channels were interpolated or not for all reward responsiveness
measures (ps > .080) across time points.

Surprisingly, there were significant differences in values based on whether 16 or 32
channels were used for the mid and late pregnancy visits. Specifically, mid pregnancy RewP
subtraction scores were more positive for 16 (n =49; M =3.79, SD = 3.60) compared to 32

channels (n = 54; M =1.69, SD = 3.89), #(101) = 2.85, p = .005. Mid pregnancy RewP residual
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scores were also more positive for 16 (n =49; M =1.16, SD = 3.68) compared to 32 channels (n
=54; M=-1.05, 8D =3.43), #101) = 3.17, p = .002. Values did not significantly differ for mid
pregnancy delta subtraction scores (p = .137). However, mid pregnancy delta residual scores
were more positive for 16 (n = 50; M =0.47, SD = 1.81) compared to 32 channels (n = 54; M = -
0.44, SD = 1.81), #(102) = 2.55, p = .012. Late pregnancy RewP subtraction scores were more
positive for 16 (n =20; M =3.71, SD = 4.12) compared to 32 channels (n = 70; M = 1.55, SD =
3.77), t(88) = 2.22, p = .029. Late pregnancy RewP residual scores were also more positive for
16 (n=20; M =1.70, SD = 4.36) compared to 32 channels (n = 70; M =-0.49, SD = 3.48), #(88)
=2.34, p = .022. Late pregnancy delta subtraction scores were more positive for 16 (n =21; M =
1.37, SD = 1.78) compared to 32 channels (n = 70; M =0.12, SD = 2.42), #(89) = 2.20, p = .031.
Late pregnancy delta residual scores were more positive for 16 (n =21; M = 0.87, SD = 1.68)
compared to 32 channels (n = 70; M = -0.26, SD = 2.25), (89) = 2.13, p = .036. There were no
significant differences for theta subtraction or residual scores based on number of channels used
in data collection across time points (ps > .191), nor for RewP and delta subtraction and residual
measures at the postpartum visit (ps > .196).

Little’s missing completely at random test was not significant, y° (50) = 39.40, p = .860,
providing support that data were potentially at least missing at random. Missingness was also
investigated by examining associations between whether participants missed a follow up visit
and demographics variables using independent samples #-tests, chi-square tests, or Fisher’s exact
test for situations where the expected cell count assumption of the chi-square test was not met
after collapsing across bins (i.e., race and employment status) or if collapsing was not possible
(i.e., serious relationship status). Categorical variables were collapsed to meet chi-square test

assumptions. Specifically, race was collapsed into white non-Hispanic vs other races and/or
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Hispanic. Annual household income was collapsed into income below or above $90,000. Highest
level of education was collapsed into having a Bachelor’s degree or not. Employment was
collapsed into employed for wages or not.

There were no significant differences between those who completed the late pregnancy
visit and those who did not based on age (p = .492), race (p = .208, Fisher’s exact test), income
(p = .823), highest level of education (p = .234), employment status (p = 1.00, Fisher’s exact
test), or serious relationship status (p = 1.00, Fisher’s exact test). Participants who completed the
postpartum visit were slightly older in age (n = 95; M =31.21, SD =4.31) compared to those
who did not complete the visit (n =22; M =28.14, SD = 5.62), t(115) = -2.84, p = .005. There
were no significant differences between those who completed the postpartum visit and those who
did not based on race (p = .336), income (p = .051), highest level of education (p = .092),
employment status (p = 1.00, Fisher’s exact test), or serious relationship status (p = .079, Fisher’s
exact test).

Pearson’s correlations were conducted using full information maximum likelihood
(FIML) in Mplus, Version 8 (Muthén & Muthén, 2017) to examine bivariate associations
between key study variables (Raykov et al., 2014). Correlations were computed with the
variables listed within each table.

To accomplish Aim 1, a RI-CLPM was used to examine dynamic relations between
depressive symptoms and reward responsiveness across the perinatal period. This model
computed random intercepts, autoregressive paths, and cross-lagged paths for depressive
symptoms and reward responsiveness using Mplus. FIML was used to account for missing data.
A separate model was computed for each reward responsiveness measure (i.e., RewP, delta, and

theta) to compare potential differences in associations with depression, and for both types of
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difference score measures (i.e., subtraction vs residual scores) to compare effects based on how
reward measures were computed. Unstandardized and standardized autoregressive and cross-
lagged estimates are reported. Interpretation of the effect size for cross-lagged effects was based
on standardized coefficients, and effects were defined as small (f =.03), medium (B =.07), and
large (B = .12) in size following recommended guidelines (Orth et al., 2022).

Given limitations of the current sample in terms of sample size and number of waves in
which data were collected, incorporating interaction terms was not feasible in the RI-CLPM
context to examine Aim 2, as the models would not converge. Instead, a series of linear
regressions was conducted to examine whether lifetime stressor exposure moderated the
associations between reward responsiveness and depressive symptoms across time to accomplish
Aim 2. Specifically, 4 models were conducted for each measure of reward responsiveness to
examine whether reward responsiveness at time # interacted with lifetime stressor exposure in
predicting depressive symptoms at time #+/, as well as whether depressive symptoms at time ¢
interacted with lifetime stressor exposure in predicting reward responsiveness at time #+/.
Measurement of variables at the earlier time points was included in all models (e.g., covarying
depressive symptoms at time ¢ when predicting depressive symptoms at time ¢+/7). Models were
estimated in R using the /avaan package (Rosseel, 2012), and missing data were accounted for
using FIML. All predictors were mean-centered.

Given observed differences in number of channels used in mid pregnancy and late
pregnancy RewP and delta values and age for participants who completed the postpartum visit,
these variables were included as covariates in Aim 2 models in secondary analyses. Differences
in observed findings without covariates included in the models are described in the Results

section for the corresponding models. These variables were not included as predictors in the RI-
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CLPMs for Aim 1 because models including a time-invariant predictor in a RI-CLPM are not
comparable to those excluding the variable, as adding variables to the model changes the

covariance structure that is being analyzed (Mulder & Hamaker, 2021).
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CHAPTER 3

RESULTS

3.1 Pearson’s Correlations

Pearson’s correlations between all study variables of interest were computed (Tables 1-5).
Correlations between depressive symptoms, lifetime stressor exposure, and RewP are presented
in Table 1. Depressive symptoms at each time point were positively correlated with each other.
Lifetime stressor exposure was also positively correlated with depressive symptoms at each time
point. RewP subtraction and residual scores were not significantly associated with depressive
symptoms at any time point nor lifetime stressor exposure. Measures of RewP across time points

were positively correlated with each other.
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Table 1

Pearson’s Correlations of Key Study Variables: RewP Subtraction and Residual Scores

1 2 3 4 5 6 7 8 9
1. T1 Depressive _
Symptoms
2. T2 Depressive J7n _
Symptoms ’
3. T3 Depressive 66%H*  5gr _
Symptoms ' '
4. Lifetime Stressor 4G*FE S3FEE 35Hkk _
Exposure ' ’ ’
5. T1 RewP
bt 210 -18 01 _14 -
6. T2 RewP Sk
o b 13 =06 -20  -002 41 -
7. T3 RewP 16 14 06 12 30w 31 -
Subtraction
8. T1 RewP 07 -14 04 10 95k 43eEx 35w -
Residual
9. T2 RewP 06 001 -1l 01 A43%%x  Q@exk 35wk SRRk
Residual
10. T3 RewP 17 16 08 13 32%% 30%  QO7ERx  37RE 3Gk
Residual

Note: Residual = residual-based difference scores (i.e., win partialing out loss); RewP = reward
positivity; T1 = mid pregnancy; T2 = late pregnancy; T3 = postpartum; Subtraction =

subtraction-based difference scores (i.e., win minus loss); *p < .05, **p < .01, ***p <.001

Correlations between depressive symptoms, lifetime stressor exposure, and delta power
are presented in Table 2. Mid pregnancy and late pregnancy depressive symptoms were
positively associated with postpartum delta subtraction scores. These associations were also
observed for corresponding delta residual scores. Mid pregnancy delta residual scores were
positively associated with late pregnancy depressive symptoms. Lifetime stressor exposure was
not significantly associated with delta measures across time points. Delta subtraction and
residual scores were positively associated with each other, but not all associations were

significant. Specifically, each pair of subtraction and residual scores at the same time point (e.g.,
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mid pregnancy subtraction and residual scores) were associated with each other. Subtraction
scores were not significantly associated with each other. Late pregnancy delta subtraction scores
were associated with late pregnancy and postpartum delta residual scores. Postpartum delta
subtraction scores were associated with all 3 residual scores. Mid pregnancy and late pregnancy
delta residual scores were significantly associated with residual scores at postpartum but not with

each other.

Table 2

Pearson’s Correlations of Key Study Variables: Delta Subtraction and Residual Scores

1 2 3 4 5 6 7 8 9
1. T1 Depressive _
Symptoms
2. T2 Depressive _ _
Symptoms
3. T3 Depressive _ _ _
Symptoms
4. Lifetime Stressor _ _ _ _
Exposure
5. T1 Delta Subtraction .07 15 -.03 -.09 --
6. T2 Delta Subtraction A1 .04 -.04 .02 15 -~
7. T3 Delta Subtraction 31* 24%* 17 .04 .16 247 --
8. T1 Delta Residual 13 20% .02 -.04  91** A1 24% --
9. T2 Delta Residual -.13 .05 .000 .04 .14 4%k 34k .16 --
10. T3 Delta Residual 3% 26%* 18 .05 .14 24%  QgHEk 25% 37

Note: Only new values are presented; Residual = residual-based difference scores (i.e., win
partialing out loss); Subtraction = subtraction-based difference scores (i.e., win minus loss); T1 =
mid pregnancy; T2 = late pregnancy; T3 = postpartum; *p < .05, **p <.01, ***p <.001, "p =

058
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Correlations between depressive symptoms, lifetime stressor exposure, and theta power
are presented in Table 3. Theta across time points was not significantly associated with
depressive symptoms nor lifetime stressor exposure. Each pair of subtraction and residual scores
at the same time point (e.g., mid pregnancy subtraction and residual scores) were positively
associated with each other. Theta subtraction scores were not significantly associated with each

other, while theta residual scores were.

Table 3

Pearson’s Correlations of Key Study Variables: Theta Subtraction and Residual Scores

1 2 3 4 5 6 7 8 9
1. T1 Depressive _
Symptoms
2. T2 Depressive _ _
Symptoms
3. T3 Depressive _ _ _
Symptoms
4. Lifetime Stressor _ _ _ _
Exposure
5. T1 Theta Subtraction .02 -.01 -.10 -.11 -~
6. T2 Theta Subtraction .01 =12 .04 -.08 A1 -~
7. T3 Theta Subtraction .10 -.004 .14 .20 -.03 11 --
8. T1 Theta Residual .02 -.05 -.07 -.09 93w 15 .10 --
9. T2 Theta Residual -.02 -.14 -.01 -.05 21 8OHH* .16 33w --
10. T3 Theta Residual .07 -.02 .09 17 .03 A7~ 93Fxx 20%  20%*

Note: Only new values are presented; Residual = residual-based difference scores (i.e., loss
partialing out win); Subtraction = subtraction-based difference scores (i.e., loss minus win); T1 =
mid pregnancy; T2 = late pregnancy; T3 = postpartum; *p < .05, **p <.01, ***p <.001, "p =

058
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Correlations between subtraction scores for each reward measure across time points are

presented in Table 4. RewP and delta were positively associated with each other at the same time

point (e.g., mid pregnancy RewP was positively associated with mid pregnancy delta). Mid

pregnancy RewP was also negatively associated with mid pregnancy theta and positively

associated with late pregnancy delta. Mid pregnancy delta was positively associated with

postpartum RewP. Delta and theta were significantly and negatively associated with each other at

mid pregnancy and late pregnancy but the association at postpartum was not significant.

Table 4

Pearson's Correlations of Key Study Variables: RewP, Delta, and Theta Subtraction Scores

1 2 3 4 5 6 7 8
1. T1 RewP --
2. T2 RewP - -
3. T3 RewP - - -
4. Tl Delta 27H* A9 22% -
5. T2 Delta 24%* 29%* 17 - --
6. T3 Delta .08 .003 3oHHE -- -- -
7. T1 Theta -20%* -12 .03 - 25%* -20 -.03 --
8. T2 Theta .10 -.11 -.01 -.10 -.30% -.13 -- --
9. T3 Theta .003 .01 .09 -13 .06 -.11 -- -

Note: Only new values are presented; RewP = reward positivity; T1 = mid pregnancy; T2 = late

pregnancy; T3 = postpartum; *p < .05, **p < .01, ***p <.001, "p = .057

Correlations between residual scores for each reward measure across time points are

presented in Table 5. Mid pregnancy RewP was positively associated with mid pregnancy and
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late pregnancy delta. Mid pregnancy delta was also positively associated with late pregnancy and
postpartum RewP. Late pregnancy delta was positively associated with postpartum RewP.
Postpartum RewP and delta were positively associated with each other. RewP and theta were
significantly and negatively associated at mid pregnancy and no other time points. Delta and

theta were not significantly associated with each other at any time point.

Table 5

Pearson’s Correlations of Key Study Variables: RewP, Delta, and Theta Residual Scores

1 2 3 4 5 6 7 8
1. T1 RewP --
2. T2 RewP - -
3. T3 RewP - - -
4. T1 Delta 4Qk* 28%* 3% -
5. T2 Delta 22% 220 26* - -
6. T3 Delta 17 .08 4] F** _ . .
7.T1 Theta - 17* -.07 .09 -12 -17 -.01 --
8. T2 Theta 12 -.11 .10 -.07 -17 -.05 -- --
9. T3 Theta .03 -.01 18 -.15 .06 .02 -- --

Note: Only new values are presented; RewP = reward positivity; T1 = mid pregnancy; T2 = late

pregnancy; T3 = postpartum; *p < .05, **p < .01, ***p <.001, "p =.052

3.2 Aim 1 RI-CLPM with Depressive Symptoms and Reward Responsiveness

3.2.1 RewP Subtraction and Residual Scores
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For the model using RewP subtraction scores, the RI-CLPM fit the data well, ¥*(1) =
0.84, p =.360, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.02, although it should be
noted that the model had 1 degree of freedom.

The random intercepts had significant variance for depressive symptoms (66.36, SE =
16.41, p <.001) and RewP (5.81, SE = 2.08, p =.005), which indicates that there were stable
trait-like differences between participants on both depressive symptoms and RewP subtraction
scores. The covariance between the two intercepts was not significant (B =-0.11, SE=3.98; =
-0.01, SE = 0.20; p = .978), which suggests that the stable, individual level differences in
depressive symptoms and RewP were not associated with each other in general.

Main results for the model are presented in Table 6. For the autoregressive effects, greater
mid pregnancy depressive symptoms were significantly associated with greater late pregnancy
depressive symptoms. Late pregnancy depressive symptoms were negatively associated with
postpartum depressive symptoms, but this association was not significant. It should be noted that
the standard error was large relative to the standardized estimate which may indicate less
precision of the estimate. The autoregressive associations for RewP across time were not
significant.

For the cross-lagged effects, mid pregnancy depressive symptoms were not significantly
associated with late pregnancy RewP. This association had a large effect size but a relatively high
standard error relative to the standardized estimate. Late pregnancy depressive symptoms were
also not significantly associated with postpartum RewP. Mid pregnancy RewP was significantly
and negatively associated with late pregnancy depressive symptoms. This effect was large in

magnitude. Late pregnancy RewP did not significantly predict postpartum depressive symptoms.
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This association was large in magnitude, but the standard error was relatively large compared to

the standardized estimate.

Table 6

Results of Random-Intercept Cross-Lagged Panel Model: RewP Subtraction and Residual Scores

Subtraction Residual
B(SE) 95%Cl B(SE) p B (SE) 95% CI B (SE) p
Concurrent Covariances
T1 Depression  -4.06 -11.49, -0.18 285 -3.88 -10.77, -0.20 269
—T1RewP  (3.79) 3.38 (0.16) ' (3.51) 3.01 (0.17) ’
T2 Depression  -0.62 -7.13, -0.03 851 0.15 -6.40, 0.01 965
—T2RewP  (3.32) 5.88 (0.18) ' (3.34) 6.69 (0.19) ’
T3 Depression 0.29 -8.99, 0.02 952 0.13 -9.22, 0.01 978
—T3 RewP (4.73) 9.56 (0.39) ' 4.77) 9.48 (0.40) )
Autoregressive
T1-T2 0.46 0.05, 0.45 0.43 0.002, 0.42
Depression  (021) 087 (0.16)  0%° 022 086  (0.18) 049
T2-T3  -0.23 -0.80, -0.37 -0.25 -0.85, -0.41
Depression  (0.29) 035 (0.50) Y 031) 036 (0.54) 423
T1-T2 RewP  -0.04 -0.50, -0.04 862 0.02 -0.53, 0.02 932
(0.24) 0.42 (0.23) ' (0.28) 0.58 (0.27) ’
T2-T3 RewP  -0.06 -0.53, -0.05 202 -0.09 -0.62, -0.07 746
(0.24) 0.41 (0.21) ' (0.27) 0.44 (0.22) )
Cross-Lagged
T1 Depression  -0.13 -0.32, -0.32 150 -0.11 -0.29, -0.27 263
—T2 RewP  (0.09) 0.05 (0.23) ' (0.10) 0.08 (0.25) ’
T2 Depression 0.06 -0.14, 0.12 562 0.06 -0.14, 0.13 536
—T3 RewP  (0.10) 0.25 (0.21) ' (0.10) 0.26 (0.21) ’
T1 RewP-T2  -0.57 -1.12, -0.23 044 -0.63 -1.31, -0.23 067
Depression  (0.28) -0.02 (0.12) ' (0.35) 0.04 (0.14) ’
T2 RewP-T3  -0.89 -1.94, -0.59 098 -0.81 -2.05, -0.52 199
Depression  (0.54) 0.16 (0.29) ' (0.63) 0.43 (0.32) )

Note: CI = confidence interval for unstandardized estimates; Residual = residual-based
difference scores (i.e., win partialing out loss); Subtraction = subtraction-based difference scores
(i.e., win minus loss); RewP = reward positivity; T1 = mid pregnancy; T2 = late pregnancy; T3 =

postpartum
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Similarly, for the RewP residual scores, the RI-CLPM fit the data well, y>(1) = 0.82, p =
367, CFI =1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.02, but, again, the model had 1 degree
of freedom.

Also similar to the subtraction scores, the random-intercepts had significant variance for
depressive symptoms (68.57, SE = 16.10, p <.001) and RewP (6.34, SE =2.06, p = .002), which
indicates that there were stable trait-like differences between participants on both depressive
symptoms and RewP subtraction scores. The covariance between the two intercepts was not
significant (B = 1.26, SE = 3.86; = 0.06, SE = 0.19; p = .745), which suggests that the stable,
individual level differences in depressive symptoms and RewP were not associated with each
other in general.

Results for the residual scores are also presented in Table 6. Results with RewP residual
scores were similar to the subtraction scores. However, the cross-lagged association between
RewP at mid pregnancy and depressive symptoms at late pregnancy was no longer significant (p
=.067). A similar pattern emerged as well with the standardized estimate for the effect for late
pregnancy RewP and postpartum depressive symptoms being larger in magnitude than the mid
pregnancy to late pregnancy association and not significant. Standard error was larger for this

effect as well relative to the standardized estimate.

3.2.2 Delta Subtraction and Residual Scores

For the model using delta power subtraction scores, the RI-CLPM fit was acceptable,
y?(1)=3.37, p=.066, CFI = 0.98, TLI = 0.69, RMSEA = 0.14, SRMR = 0.06. However, the
variance for the intercept for delta was not significant (0.51, SE = 0.67, p = .439), which suggests

that there are little to no stable between-person differences on delta and that people tended to

43



fluctuate around the same grand mean over time. Following recommendations from Mulder and
Hamaker (2021), this non-significant variance and covariances between this random intercept
and the random intercept for depressive symptoms was fixed to 0, as the random intercept in the
model is considered redundant and would be too complex for the data. This updated model
without the random intercept for delta also had acceptable fit, ¥*(3) = 4.49, p = .214, CFI1 = 0.99,
TLI=0.94, RMSEA = 0.07, SRMR = 0.06, and was used for the remaining results. The variance
for the random intercept for depressive symptoms was significant (71.77, SE = 14.53, p <.001),
which suggests that there were stable trait-like differences between participants on depressive
symptoms as observed in the RewP models.

Main results for the model are presented in Table 7. For the autoregressive effects, results
for depressive symptoms were similar to the RewP models. Greater mid pregnancy depressive
symptoms were significantly associated with greater late pregnancy depressive symptoms. The
association between late pregnancy and postpartum depressive symptoms was negative but not
significant, and standard error was large relative to the standardized estimate. The autoregressive
associations for delta across time were positive but not significant.

For cross-lagged effects between depressive symptoms predicting delta over time, effects
were positive, small to medium in size, and not significant, with relatively high standard error
compared to the standardized estimates. Mid pregnancy delta was positively associated with late
pregnancy depressive symptoms, but this association was not significant. The association
between late pregnancy delta predicting postpartum depressive symptoms was negative in

association but small to medium in size and not significant.
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Table 7

Results of Random-Intercept Cross-Lagged Panel Model: Delta Subtraction and Residual Scores

Subtraction Residual
BGSE) 95%Cl pB(SE) __ p B(SE) 95%Cl B (SE) »
Concurrent Covariances
T1 Depression 1.47 -1.94, 0.10 399 2.20 -1.10, 0.17 192
“TiDelta (1.74) 488  (0.12) (1.68) 550 (0.12) :
T2Depression 065 452 005 . 070 425, -0.05 o8
“T2Delta  (198) 322 (0.14) (181) 284  (0.13) :
T3 Depression  1.08  -3.38,  0.15 66 176 231, 023 7
“T3Delta  (228) 554  (0.36) 2.07) 582 (0.31) :
Autoregressive
TI-T2 046 004, 044 0.49 010, 046
Depression  (021) 088 (0.16) 030 020) 088  (0.15) 014
T2T3 =027  -0.84,  -0.53 021 071, -039
Depression  (0.29) 030 (0.61)  ~>2 026) 030  (0.52) 428
0.19  -007,  0.16 0.18 010,  0.15
TI=T2Dela 43y o044 @11y 18 0.14) 046  (0.12) 202
021 =002, 021 0.37 0.14, 036
T-D3Dela 075y 043 01y 72 0.12) 060  (0.11) 001
Cross-Lagged
T1 Depression  0.06  -0.06, _ 0.17 29 0.06 004, 020 62
“T2Delta  (0.06) 017  (0.18) 005 016 (0.1 :

T2 Depression  0.04  -0.06,  0.14 . 0.05 004, 017 "
“T3Delta  (0.05) 014  (0.16) 0.04) 014  (0.15) :
TIDelta—T2 060  -0.07,  0.17 050 0.76 001, 0.19 052
Depression  (034) 127 (0.10) (0.39) 153 (0.10) :
T2Delta—T3  -0.05  -1.13,  -0.03 024 0.10 099, 006 456
Depression  (0.55)  1.03  (034) (0.56) 120 (031) :

Note: CI = confidence interval for unstandardized estimates; Residual = residual-based
difference scores (i.e., win partialing out loss); Subtraction = subtraction-based difference scores

(i.e., win minus loss); T1 = mid pregnancy; T2 = late pregnancy; T3 = postpartum

For the model using delta power residual scores, the RI-CLPM fit was acceptable, y*(1) =
3.08, p=.079, CFI = 0.98, TLI = 0.75, RMSEA = 0.13, SRMR = 0.05, but the variance for the
intercept for delta was not significant (0.91, SE = 0.58, p = .112). Therefore, the random intercept
and covariance with the random intercept for depressive symptoms were fixed to 0. This updated
model also had acceptable fit, ¥*(3) = 5.45, p = .142, CF1 = 0.98, TLI = 0.90, RMSEA = 0.08,

SRMR = 0.06, and results from this model are reported. The variance for the random intercept
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for depressive symptoms was significant (68.26, SE = 14.35, p <.001), as observed in the
subtraction score model.

Main results for the model are also presented in Table 7. Similar to the subtraction scores
model, the autoregressive effect for depressive symptoms was significant from mid pregnancy to
late pregnancy and negative in association but not significant from late pregnancy to postpartum.
There was also a similar positive association for delta from mid pregnancy to late pregnancy that
was not significant. However, the autoregressive effect for delta from late pregnancy to
postpartum was significant in the residual scores model. Cross-lagged associations were similar

to the delta subtraction models with no significant associations observed.

3.2.3 Theta Subtraction and Residual Scores

For the model using theta power subtraction scores, the RI-CLPM fit was acceptable,
y?(1)=1.13, p=.288, CFI = 1.00, TLI = 0.98, RMSEA = 0.03, SRMR = 0.03. However, similar
to the delta models, the variance for the intercept for theta was not significant and estimated to be
negative, which is not possible (-0.16, SE = 0.76, p = .837). Removing this random intercept and
covariance with the random intercept for depressive symptoms led to the model terminating
correctly, and results from this model are reported. The model fit the data well, y>(3) = 1.32, p =
725, CF1=1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.04. The variance for the random
intercept for depressive symptoms was significant (75.88, SE = 14.58, p <.001).

Main results of the RI-CLPM are presented in Table 8. Direction of autoregressive effects
across time for depressive symptoms were similar to the RewP and delta models but not

significant. Autoregressive effects for theta were not significant. There were no significant cross-
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lagged associations between depressive symptoms and theta across time, with associations

between small and medium to large in size.

Table 8

Results of Random-Intercept Cross-Lagged Panel Model: Theta Subtraction and Residual Scores

Subtraction Residual
B(SE) 95%Cl B(SE) p B (SE) 95% CI B (SE) P
Concurrent Covariances
T1 Depression 1.91 -1.36, 0.13 252 1.61 -1.60, 0.11 326
—T1 Theta  (1.67) 5.18 (0.11) ' (1.64) 4.82 (0.11) ’
T2 Depression ~ -3.12 -7.07, -0.22 123 -2.92 -6.13, -0.24 075
—T2 Theta  (2.02) 0.84 (0.14) ' (1.64) 0.29 (0.13) ’
T3 Depression 0.62 -4.14, 0.14 798 0.75 -3.45, 0.18 726
—T3 Theta (2.43) 5.38 (0.57) ' (2.15) 4.96 (0.58) )
Autoregressive
T1-T2 0.41 -0.04, 0.40 0.43 -0.02, 0.42
Depression  (023) 086 (0.18) 07 023 088 (0.1 061
T2—.T3 -0.40 -1.12, -0.82 931 -0.39 -1.11, -0.81 81
Depression  (0.37) 0.33 (0.88) (0.37) 0.32 (0.85)
0.13 -0.09, 0.12 0.31 0.12, 0.32
TI-T2Theta 45y 035 11y 293 ©.100 051 (0.10) 002
0.09 -0.14, 0.09 0.28 0.05, 0.27
T-D3Theta oy 030 (01 ! (0.11) 050 (0.1 015
Cross-Lagged
T1 Depression  -0.003 -0.13, -0.01 961 -0.02 -0.12, -0.07 700
—T2 Theta  (0.06) 0.12 (0.19) ' (0.05) 0.08 (0.17) ’
T2 Depression -0.04 -0.15, -0.12 488 -0.02 -0.11, -0.06 718
—T3 Theta  (0.06) 0.07 (0.16) ‘ (0.05) 0.08 (0.16) ’
T1 Theta — T2 0.11 -0.47, 0.03 718 -0.15 -0.79, -0.04 657
Depression  (0.29) 0.68 (0.10) ’ (0.33) 0.50 (0.10) ’
T2 Theta—T3  -0.08 -1.36, -0.06 897 -0.40 -1.85, -0.24 587
Depression  (0.65) 1.20 (0.45) ' (0.74) 1.05 (0.46) )

Note: CI = confidence interval for unstandardized estimates; Residual = residual-based
difference scores (i.e., loss partialing out win); Subtraction = subtraction-based difference scores

(i.e., loss minus win); T1 = mid pregnancy; T2 = late pregnancy; T3 = postpartum

For the model using theta power residual scores, the RI-CLPM fit the data well, y*(1) =
0.79, p =375, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.03, and terminated normally.

However, similar to the subtraction score model, the variance for the random intercept for theta
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was not significant (0.67, SE = 0.62, p = .285). Therefore, the random intercept and covariance
with the random intercept for depressive symptoms were fixed to 0. This updated model fit the
data well, *(3) = 1.71, p = .635, CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.03, and
results from this model are reported. The variance for the random intercept for depressive
symptoms was significant (75.17, SE = 14.51, p <.001), as observed in subtraction score model.
Main results are presented in Table 8. Similar to the subtraction scores model,
autoregressive effects for depressive symptoms were not significant. In contrast, however,
autoregressive paths for theta residual scores were significant and positive in association. Cross-
lagged effects between depressive symptoms and theta residual scores were not significant,

similar to the model using subtraction scores.

3.3 Aim 2 Regressions Examining Interactions with Lifetime Stressor Exposure

3.3.1 RewP Subtraction and Residual Scores

Results of the four regression models for both RewP subtraction and residual scores are
presented in Table 9. Results across models were comparable between RewP subtraction and
residual scores. In the first model, examining the interaction between lifetime stressor exposure
and mid pregnancy RewP predicting late pregnancy depressive symptoms while accounting for
mid pregnancy RewP and depressive symptoms and lifetime stressor exposure, greater mid
pregnancy depressive symptoms were associated with greater late pregnancy depressive
symptoms. Greater lifetime stressor exposure was also associated with greater late pregnancy
depressive symptoms. There was no interaction between mid pregnancy RewP and lifetime

stressor exposure in predicting late pregnancy depressive symptoms.
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In model 2, the interaction between late pregnancy RewP and lifetime stressor exposure
in predicting postpartum depressive symptoms was examined, while accounting for late
pregnancy RewP and depressive symptoms and lifetime stressor exposure. In this model, only
greater depressive symptoms at late pregnancy were associated with greater depressive
symptoms at postpartum. There were no other main effects, and the interaction between late
pregnancy RewP and lifetime stressor exposure did not predict postpartum depressive symptoms.

In model 3, the interaction between mid pregnancy depressive symptoms and lifetime
stressor exposure in predicting late pregnancy RewP was examined, while accounting for mid
pregnancy depressive symptoms and RewP and lifetime stressor exposure. Only mid pregnancy
RewP was positively associated with late pregnancy RewP. The interaction between mid
pregnancy depressive symptoms and lifetime stressor exposure did not predict late pregnancy
RewP.

In model 4, the interaction between late pregnancy depressive symptoms and lifetime
stressor exposure in predicting postpartum RewP was examined, while accounting for late
pregnancy depressive symptoms and RewP and lifetime stressor exposure. Only late pregnancy
RewP was positively associated with postpartum RewP. The interaction between late pregnancy

depressive symptoms and lifetime stressor exposure did not predict postpartum RewP.
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Table 9

Regression Models Examining Interactive Effects of Lifetime Stressor Exposure on RewP and

Depressive Symptoms Across the Perinatal Period

Subtraction Residual
B (SE) B b4 B (SE) B P
Model 1: Mid Pregnancy RewP Predicting Late Pregnancy Depressive Symptoms (n = 117)
T1 RewP  -0.26 (0.17) -0.09 137 -0.27 (0.18) -0.09 .148
Tl Depressive ) 65 4 08) 0.65 <.001 0.65 (0.08) 0.65 <.001
Symptoms
Stress  0.63 (0.22) 0.19 .005 0.65 (0.22) 0.20 .003
Tl R‘;V;ES’; -0.06 (0.05) -0.08 202 -0.08 (0.06) -0.09 156
Total Model R? = 0.64 Total Model R? = 0.64
Model 2: Late Pregnancy RewP Predicting Postpartum Depressive Symptoms (r = 104)
T2 RewP  -0.32(0.21) -0.14 132 -0.24 (0.22) -0.10 273
T2 Depressive ) 35 09) 0.42 <.001 0.36 (0.09) 0.43 <.001
Symptoms
Stress  0.16 (0.27) 0.06 .555 0.16 (0.27) 0.06 564
12 R‘;V;ES’; -0.04 (0.07) -0.05 585 -0.04 (0.07) -0.05 568
Total Model R =0.24 Total Model R =0.23
Model 3: Mid Pregnancy Depressive Symptoms Predicting Late Pregnancy RewP (n =117)
Tl Depressive - 7 0 04) -0.20 111 -0.05 (0.04) -0.13 263
Symptoms
T1RewP  0.42(0.10) 0.41 <.001 0.51 (0.10) 0.50 <.001
Stress  0.11 (0.12) 0.09 373 0.09 (0.11) 0.08 442
T1 Depressive
Symptoms x ~ 0.02 (0.01) 0.14 .169 0.01 (0.01) 0.13 182
Stress
Total Model R =0.19 Total Model R? =0.26
Model 4: Late Pregnancy Depressive Symptoms Predicting Postpartum RewP (n = 104)
T2 Depressive - 5 4 05) 0.11 378 0.05 (0.05) 0.12 348
Symptoms
T2 RewP  0.33(0.12) 0.30 .008 0.37 (0.13) 0.33 .005
Stress  0.07 (0.16) 0.05 .662 0.08 (0.16) 0.06 .638
T2 Depressive
Symptoms x  -0.004 (0.02) -0.04 789 -0.003 (0.02) -0.03 .853
Stress
Total Model R =0.10 Total Model R =0.12

Note: Residual = residual-based difference scores (i.e., win partialing out loss); RewP = reward

positivity; Stress = lifetime stressor exposure; Subtraction = subtraction-based difference scores

(i.e., win minus loss); T1 = mid pregnancy; T2 = late pregnancy; T3 = postpartum
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Results for both RewP subtraction and residual scores did not substantively change when
controlling for number of electrode channels used at the mid pregnancy visit (models 1 and 3) or
when controlling for number of electrode channels used at the late pregnancy visit (models 2-4)

and age (models 2 and 4). There were no significant main effects for these covariates.

3.3.2 Delta Subtraction and Residual Scores

Results of the regression models for both delta subtraction and residual scores are
presented in Table 10. Results across models were generally comparable between delta
subtraction and residual scores, with the exception of model 4 (described below). In the first
model, examining the interaction between mid pregnancy delta and lifetime stressor exposure
predicting late pregnancy depressive symptoms while accounting for mid pregnancy delta and
depressive symptoms and lifetime stressor exposure, there were three positive associations.
Greater mid pregnancy delta, mid pregnancy depressive symptoms, and lifetime stressor
exposure significantly predicted greater late pregnancy depressive symptoms. There was no
interaction between mid pregnancy delta and lifetime stressor exposure in predicting late
pregnancy depressive symptoms.

In model 2, the interaction between late pregnancy delta and lifetime stressor exposure in
predicting postpartum depressive symptoms was examined, while accounting for late pregnancy
delta and depressive symptoms and lifetime stressor exposure. In this model, only late pregnancy
depressive symptoms were associated with greater postpartum depressive symptoms. There were
no other main effects, and the interaction between late pregnancy delta and lifetime stressor
exposure did not predict postpartum depressive symptoms.

In model 3, the interaction between mid pregnancy depressive symptoms and lifetime

stressor exposure in predicting late pregnancy delta was examined, while accounting for mid
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pregnancy depressive symptoms and delta and lifetime stressor exposure. There were no main
effects, and the interaction between mid pregnancy depressive symptoms and lifetime stressor
exposure did not predict late pregnancy delta.

In model 4, the interaction between late pregnancy depressive symptoms and lifetime
stressor exposure in predicting postpartum delta was examined, while accounting for late
pregnancy depressive symptoms and delta and lifetime stressor exposure. For delta subtraction
scores, there were no significant main effects. For delta residual scores, late pregnancy
depressive symptoms and delta were significantly and positively associated with postpartum
delta. The interaction between late pregnancy depressive symptoms and lifetime stressor

exposure did not predict postpartum delta for delta subtraction or residual scores.
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Table 10
Regression Models Examining Interactive Effects of Lifetime Stressor Exposure on Delta and

Depressive Symptoms Across the Perinatal Period

Subtraction Residual
B (SE) B )4 B (SE) B P
Model 1: Mid Pregnancy Delta Predicting Late Pregnancy Depressive Symptoms (n = 117)
T1 Delta 0.74 (0.35) 0.13 .033 0.83 (0.40) 0.14 .037
T1 Depressive 0.68 (0.08) 0.67 <.001 0.67 (0.08) 0.66 <.001
Symptoms
Stress 0.84 (0.22) 0.25 <.001 0.79 (0.22) 0.24 <.001
TiDeltax 4 13 0.11) 0.07 272 0.11 (0.15) 0.05 462
Stress
Total Model R = 0.66 Total Model R = 0.66
Model 2: Late Pregnancy Delta Predicting Postpartum Depressive Symptoms (z = 104)
T2 Delta -0.34 (0.37) -0.09 359 -0.28 (0.39) -0.07 468
T2 Depressive 0.38 (0.09) 0.45 <.001 0.37 (0.09) 0.45 <.001
Symptoms
Stress 0.13 (0.27) 0.05 .625 0.15(0.27) 0.06 .587
2 Dsefﬁis’é -0.06 (0.11) -0.06 561 -0.07 (0.12) -0.06 570
Total Model R =0.23 Total Model R =0.22
Model 3: Mid Pregnancy Depressive Symptoms Predicting Late Pregnancy Delta (n = 117)
T1 Depressive 0.01 (0.03) 0.05 692 0.01 (0.03) 0.07 582
Symptoms
T1 Delta 0.25(0.13) 0.22 .060 0.24 (0.14) 0.21 .089
Stress -0.01 (0.08) -0.01 911 -0.003 (0.07) -0.01 964
T1 Depressive
Symptoms x 0.01 (0.01) 0.17 12 0.01 (0.01) 0.14 191
Stress
Total Model R = 0.08 Total Model R? = 0.07
Model 4: Late Pregnancy Depressive Symptoms Predicting Postpartum Delta (n = 104)
T2 Depressive 0.01 (0.04) 0.23 068 0.05 (0.03) 0.24 049
Symptoms
T2 Delta 0.18 (0.11) 0.21 .064 0.38 (0.11) 0.37 .001
Stress -0.07 (0.09) -0.10 418 -0.07 (0.08) -0.10 398
T2 Depressive
Symptoms x -0.002 (0.01) -0.07 .648 -0.01 (0.01) -0.09 531
Stress
Total Model R = 0.08 Total Model R’ =0.18

Note: Residual = residual-based difference scores (i.e., win partialing out loss); Stress = lifetime
stressor exposure; Subtraction = subtraction-based difference scores (i.e., win minus loss); T1 =

mid pregnancy; T2 = late pregnancy; T3 = postpartum
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Results for both delta subtraction and residual scores did not substantively change when
controlling for number of electrode channels used at mid pregnancy (models 1 and 3 for residual
scores) and late pregnancy (models 2-4 for both subtraction and residual scores), nor when also
controlling for age (models 2 and 4). There generally were no significant main effects of these
covariates, with the exception of the following. In model 3, using 32 electrode channels for the
late pregnancy visit was negatively associated with late pregnancy delta for both subtraction (B =
-1.25, SE =0.56, B =-0.23, p = .026) and residual scores (B =-1.63, SE = 0.65, f =-0.31, p =
.013). Additionally, in the original results for model 4 using subtraction scores, late pregnancy
depressive symptoms were not significantly associated with postpartum delta scores (p = .068).
However, when including age and number of electrode channels for the late pregnancy visit, this
association was significant (B = 0.06, SE = 0.03, 3 = 0.28, p = .026), replicating findings using
delta residual scores. There was also a significant main effect of age in model 4 for both
subtraction (B = 0.15, SE = 0.06, B = 0.31, p = .006) and residual scores (B = 0.14, SE = 0.05, 3
=0.30, p =.006), such that older participants were associated with more positive postpartum

delta scores. No other differences in results or main effects for covariates were observed.

3.3.3 Theta Subtraction and Residual Scores

Results of the regression models for both theta subtraction and residual scores are
presented in Table 11. Results across models were generally comparable between theta
subtraction and residual scores, with the exception of models 3 and 4 (described below). In the
first model, examining the interaction between mid pregnancy theta and lifetime stressor
exposure predicting late pregnancy depressive symptoms, while accounting for mid pregnancy

theta and depressive symptoms and lifetime stressor exposure, greater mid pregnancy depressive
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symptoms were associated with greater late pregnancy depressive symptoms. Greater lifetime
stressor exposure was also associated with greater late pregnancy depressive symptoms. There
was no interaction between mid pregnancy theta and lifetime stressor exposure in predicting late
pregnancy depressive symptoms.

In model 2, the interaction between late pregnancy theta and lifetime stressor exposure in
predicting postpartum depressive symptoms was examined, while accounting for late pregnancy
theta and depressive symptoms and lifetime stressor exposure. In this model, only late pregnancy
depressive symptoms were associated with greater postpartum depressive symptoms. There were
no other main effects, and the interaction between late pregnancy theta and lifetime stressor
exposure did not predict postpartum depressive symptoms.

In model 3, the interaction between mid pregnancy depressive symptoms and lifetime
stressor exposure in predicting late pregnancy theta was examined, while accounting for mid
pregnancy depressive symptoms and theta and lifetime stressor exposure. For the model using
theta subtraction scores, there were no significant main effects. For the model using residual
scores, mid pregnancy theta was positively associated with late pregnancy theta. There were no
other main effects, and the interaction between mid pregnancy depressive symptoms and lifetime
stressor exposure did not predict late pregnancy theta for either subtraction or residual scores.

In model 4, the interaction between late pregnancy depressive symptoms and lifetime
stressor exposure in predicting postpartum theta was examined, while accounting for late
pregnancy depressive symptoms and theta and lifetime stressor exposure. Greater lifetime
stressor exposure was associated with a more positive postpartum theta for both subtraction and
residual scores. For the residual scores model only, there was also a positive association between

late pregnancy theta and postpartum theta. The interaction between late pregnancy depressive
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symptoms and lifetime stressor exposure did not predict postpartum theta for either subtraction

or residual scores.
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Table 11

Regression Models Examining Interactive Effects of Lifetime Stressor Exposure on Theta and

Depressive Symptoms Across the Perinatal Period

Subtraction Residual
B (SE) B )4 B (SE) B P
Model 1: Mid Pregnancy Theta Predicting Late Pregnancy Depressive Symptoms (n = 117)
T1 Theta  0.06 (0.30) 0.01 .853 -0.16 (0.33) -0.03 .621
T gepresswe 0.68 (0.08) 0.67 <.001 0.68 (0.08) 0.67 <.001
ymptoms
Stress  0.73 (0.22) 0.22 .001 0.72 (0.22) 0.22 .001
Tl Tgfﬁisi 0.08 (0.10) 0.05 464 0.06 (0.11) 0.03 610
Total Model R = 0.64 Total Model R = 0.64
Model 2: Late Pregnancy Theta Predicting Postpartum Depressive Symptoms (nz = 104)
T2 Theta  0.49 (0.37) 0.13 .186 0.30 (0.42) 0.07 AT77
T2 gepresswe 0.39 (0.09) 0.46 <.001 0.38 (0.09) 0.45 <.001
ymptoms
Stress  0.18 (0.27) 0.07 510 0.14 (0.27) 0.05 .621
12 Tgfﬁisi 0.18 (0.12) 0.15 130 0.05 (0.13) 0.04 702
Total Model R* = 0.25 Total Model R? = (.22
Model 3: Mid Pregnancy Depressive Symptoms Predicting Late Pregnancy Theta (n = 117)
T gepresswe 0.01 (0.03) 0.06 678 0.003 (0.02) 0.02 892
ymptoms
T1 Theta  0.11 (0.11) 0.10 339 0.30 (0.10) 0.31 .002
Stress  -0.05 (0.08) -0.08 488 -0.01 (0.07) -0.01 915
T1 Depressive
Symptoms x ~ -0.002 (0.01) -0.03 789 -0.004 (0.01) -0.07 514
Stress
Total Model R = 0.02 Total Model R =0.10
Model 4: Late Pregnancy Depressive Symptoms Predicting Postpartum Theta (n = 104)
12 gepresswe -0.02 (0.03) -0.09 487 -0.01 (0.03) -0.06 640
ymptoms
T2 Theta  0.14 (0.11) 0.14 220 0.33 (0.11) 0.31 .003
Stress  0.19 (0.09) 0.27 .030 0.15 (0.08) 0.23 .052
T2 Depressive
Symptoms x ~ -0.01 (0.01) -0.24 114 -0.01 (0.01) -0.23 112
Stress
Total Model R*=0.10 Total Model R’ =0.16

Note: Residual = residual-based difference scores (i.e., loss partialing out win); Stress = lifetime

stressor exposure; Subtraction = subtraction-based difference scores (i.e., loss minus win); T1 =

mid pregnancy; T2 = late pregnancy; T3 = postpartum
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Results for both theta subtraction and residual scores did not generally change when
controlling for age (models 2 and 4). For model 4 using theta residual scores, the main effect of
stress was previously trending (p = .052) and was significant when controlling for age (B = 0.16,

SE =0.08, B =0.24, p = .047). No other changes or main effects of covariates were observed.
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CHAPTER 4

DISCUSSION

The aims of the present study were twofold: (1) to examine dynamic longitudinal
relations between depressive symptoms and reward responsiveness across the perinatal period,
and (2) to test whether lifetime stressor exposure moderated these associations across time. Both
time domain (i.e., RewP) and time-frequency domain (i.e., delta and theta) measures of reward
responsiveness were examined, as alterations in both domains have been associated with
depression. Specifically, using time domain RewP in analyses allowed for examination of a
commonly researched reward responsiveness ERP measure often associated cross-sectionally
and prospectively with depression across development (e.g., Kujawa, 2024; Proudfit, 2015).
Examining time-frequency domain delta and theta provided the opportunity to examine measures
that were potentially more specific and sensitive to teasing apart reward vs loss processes
compared to RewP, given distinct findings in the literature to date for delta in response to reward
and theta in response to loss and associations with depression (e.g., Nelson et al., 2018; Webb et
al., 2017). Both subtraction and residual scores for reward responsiveness measures were used in
models to compare potential differences based on how difference scores were computed, given

the prevalence of both scoring approaches in the depression and reward EEG literature.

4.1 Associations between Depressive Symptoms and Reward Responsiveness Across Time
Although not significantly associated at the bivariate level, there was a cross-lagged
effect of mid pregnancy RewP in predicting late pregnancy depressive symptoms, which partially

supported hypotheses for Aim 1. This association was significant for subtraction scores but not
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for residual scores. The cross-lagged effect was also not significant for late pregnancy RewP
predicting postpartum depressive symptoms. The observed negative cross-lagged association
between RewP and depressive symptoms supports previous work that finds that a blunted RewP
precedes the development of depressive symptoms as at least one potential pathway to
depression (Bress et al., 2013; Bress et al., 2015; Kujawa, 2024; Kujawa et al., 2019; Nelson,
Perlman, et al., 2016).

Cross-lagged effects of reward responsiveness on depressive symptoms across the
perinatal period may be specific to the time domain, as time-frequency domain measures delta
and theta did not have significant cross-lagged associations with depressive symptoms. Similarly,
at the bivariate level, depressive symptoms were not significantly associated with theta.
However, there were significant and positive associations between some time points for
depressive symptoms and delta. Although some previous work has also not found bivariate
associations between depressive symptoms and RewP (Bress et al., 2013; Pegg et al., 2021) and
theta (Foti et al., 2015; Jin et al., 2019; Nelson et al., 2018), positive associations with delta were
unexpected. Previous work has found negative associations between delta and depressive
symptoms cross-sectionally in young adults (Foti et al., 2015) and in predicting the development
of depression in youth (Nelson et al., 2018), although some work has not observed a significant
association for response to monetary reward (Jin et al., 2019; Webb et al., 2017). It is possible
that findings may be task-specific, as these studies used gambling tasks without a similar
behavioral performance component like the one used in the present study. However, it is still
unclear why the association between depressive symptoms and delta would be positive and
warrants additional study and replication in the perinatal period to better understand these

associations.
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Contrary to previous work (Mackin et al., 2023), there were no significant cross-lagged
associations for depressive symptoms predicting reward responsiveness. However, it is worth
noting that there is limited research examining bidirectional associations between reward and
depression across time, and that this previous work focused on a sample of youth and examined
relations between reward responsiveness over years across childhood and adolescence (Mackin
et al., 2023). The lack of reciprocal associations in the present study suggests that there may not
be bidirectional associations between reward responsiveness and depressive symptoms in
adulthood or potentially over relatively narrow measures of time, including from mid pregnancy
to 8 weeks postpartum during the perinatal period. Further investigation with additional time
points across the perinatal period may be needed to replicate findings and to better understand if
reciprocal relations between depression and reward responsiveness may not be observed during
the perinatal period. Additionally, to see whether results were specific to the perinatal period vs
similar time windows in adulthood, more longitudinal research in adults is needed.

Although the variance for the random intercept for depressive symptoms was significant
for all RI-CLPMs, results from the RewP models indicated that there were stable, between-
person differences in RewP across the perinatal period as well, as the variance for the random
intercept was also significant. The covariance between the two intercepts was not significant,
suggesting that depressive symptoms and RewP were not associated with each other in general
for participants. This finding replicates the non-significant bivariate associations between
depressive symptoms and RewP across time points and highlights the potential utility of the RI-
CLPM in parsing apart between- and within-person associations. The random intercepts for delta
and theta scores did not have significant variance, indicating that there were little to no stable

between-unit differences and that each participant appeared to fluctuate around the same grand
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means across the perinatal period for delta and theta. It is possible that individual differences are
not to be expected for delta and theta within this window of the perinatal period. Given limited
longitudinal work with reward-related delta and loss-related theta, it is unclear whether this is the
case. Additional longitudinal work is needed to better understand stability of delta and theta
across time and in different developmental stages.

As expected, depressive symptoms were generally positively associated across time
points at the bivariate level and as shown in the autoregressive effects from mid pregnancy to
late pregnancy across the RI-CLPMs. One exception was in the theta models, where the
autoregressive effect from mid pregnancy to late pregnancy was not significant. Bivariate
associations between late pregnancy and postpartum depressive symptoms were also significant.
However, this was not the case in the RI-CLPMs. The standard error for the autoregressive effect
of late pregnancy to postpartum depressive symptoms was high relative to the standardized
estimate across models, which may have contributed to this finding. Additionally, previous work
has found that average transdiagnostic depressive symptoms of sleep and somatic symptoms
appear to increase over pregnancy and then decrease in the early postpartum, supporting the
conceptualization of depression in stages of the perinatal period rather than one continuous
window from pregnancy through postpartum (Cochran et al., 2020). It is possible that these
differences in conceptualizing depressive symptoms from pregnancy into the postpartum period
may lead to the observed pattern of autoregressive paths for depressive symptoms, where
estimates were positive across pregnancy and negative and not significant from late pregnancy to
postpartum, in the present study.

Autoregressive effects of reward responsiveness measures were not observed across time

for RewP models or delta and theta subtraction scores. For RewP, it is possible that most of the
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variance is explained at the between-person level via the significant random intercept. This is
further supported by the regression models for Aim 2, where RewP predicted its measurement at
the next time point when not broken down into between- and within-person components, as in
the RI-CLPM. For delta and theta subtraction scores, this decomposition into between- and
within-person components was not included in the model given their non-significant random
intercept variance. Contrary to RewP subtraction and residual scores, delta and theta subtraction
scores were not significantly associated with themselves across time at the bivariate level,
suggesting that these non-significant autoregressive effects may indicate that delta or theta
subtraction score may not be associated with their corresponding score at the next time point.
Delta and theta residual scores, however, had significant autoregressive effects. Specifically,
there was a positive autoregressive effect for reward-related delta residual scores from late
pregnancy to postpartum as well as positive autoregressive effects for loss-related theta residual
scores from both mid pregnancy to late pregnancy and late pregnancy to postpartum. Bivariate
correlations also showed these positive associations for delta residual scores at late pregnancy
and postpartum, as well as theta residual scores across time points.

As discussed above, some differences were observed between subtraction and residual
scores for autoregressive and cross-lagged effects. Residual scores, in partialing out variance
from the other feedback condition, are thought to reflect the unique neural response to the
feedback condition of interest and are specific to the sample of participants in which they are
computed. Subtraction scores, on the other hand, do not rely on data from other participants to be
computed and may have higher statistical power compared to residual scores, as variance is not
removed from this difference score (Clayson et al., 2021). It is possible that the positive

autoregressive effects for reward-related delta residual scores from late pregnancy to postpartum
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and for loss-related theta residual scores from both mid pregnancy to late pregnancy and late
pregnancy to postpartum indicate that the unique variance of neural response to those specific
conditions (i.e., win for delta and loss for theta) may be positively associated with each other
across time. The cross-lagged association for mid pregnancy RewP scores predicting late
pregnancy depressive symptoms for RewP subtraction but not residual scores may suggest that
the difference between RewP to win and loss feedback is associated with depressive symptoms at
late pregnancy rather than variance unique to just the win or loss condition. Differences in
findings in the present analyses further support the continued effort to evaluate both subtraction
and residual scores in understanding associations with EEG measures, particularly for studies
examining within-person differences, as important unique relations may be apparent using one

measure and not another.

4.2 Stress as a Moderator of Associations between Depression and Reward Responsiveness
Contrary to hypotheses for Aim 2, lifetime stressor exposure did not significantly interact
with any of the neural reward responsiveness measures in predicting depressive symptoms across
time, nor did it interact with depressive symptoms in predicting reward responsiveness measures
across time. These findings suggest that, at least between mid pregnancy and 8 weeks into the
postpartum period, lifetime stressor exposure may not influence the dynamics between
depressive symptoms and reward responsiveness. These results were contrary to hypotheses,
given that work outside of the perinatal period has observed significant interactions between a
reduced RewP and greater exposure to life stressors in predicting depression (Burani et al., 2023;

Burani et al., 2021; Goldstein et al., 2020).
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It is possible that the measurement of stressors in the present study may have been too
distal to see the potential influence of exposure to stressors on reward responsiveness (Pegg &
Kujawa, 2024). In the EEG literature, the blunting effect of stress on reward processing is more
consistently found for exposure to acute laboratory-induced stressors, compared to naturalistic
stressors or perceived stress, in which measurement of the impact of stress on reward processing
was closer to the onset of the stressor (Pegg & Kujawa, 2024). This is further supported by one
study that used the COVID-19 pandemic as exposure to a naturalistic stressor; compared to
measurement prior to the pandemic, RewP during the pandemic was found to be reduced in the
same participants (Freeman et al., 2023), suggesting that the impact of stress on reward may need
to be measured in close proximity to the onset of stressors to observe their effect (Pegg &
Kujawa, 2024). Furthermore, timing of exposure may also differentially influence the impact of
stressors on the brain. For example, in adult women, exposure to sexual abuse in early childhood
has been associated with reduced hippocampal volume, while exposure in adolescence is
associated with reduced frontal cortex volume (Andersen et al., 2008; Lupien et al., 2009).
Stressors may also differentially impact reward processing depending on the type of stressor. For
example, material deprivation but not trauma or caregiver neglect has been associated with
reduced performance on a reward task in youth (Dennison et al., 2019). The LSC-R (Wolfe et al.,
1997) as a measure focuses primarily on major life event-type stressors (e.g., major accidents,
physical and sexual assault) that may be more severe in nature and may not be as commonly
endorsed. Given limited endorsement of stressors between study visits, the present analyses were
limited to lifetime stressor exposure prior to the participant’s current pregnancy, which does not
allow for examination of proximity to stressor onset and associations with depression and

reward.
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It is also possible that these interactive effects with lifetime stressor exposure may not be
evident when examining this window of the perinatal period (i.e., mid pregnancy to 8 weeks
postpartum). Although a cross-sectional interaction with stress has been observed with social
RewP in young adults (Pegg et al., 2019), longitudinal research outside of the perinatal period
has found associations over a timeframe of years between reward measurement and depression
onset or depressive symptom measurement for monetary RewP and has also focused on samples
of youth (Burani et al., 2023; Burani et al., 2021; Goldstein et al., 2020). Additionally, the impact
of stress on the positive valence systems during the perinatal period may be distinct given the
unique major biopsychosocial changes occurring during this time (e.g., Lorberbaum et al., 2002).
Further longitudinal research is needed to better understand how types of stressors and timing of
exposure to stressors may influence perinatal depression and reward responsiveness. Additional
longitudinal research with assessments beginning earlier in the perinatal period and following up
later into the postpartum period may also be beneficial in understanding these complex relations
and potential influence stress may have on associations between depression and reward
responsiveness during this critical life stage.

As expected, bivariate correlations indicated that lifetime stressor exposure was
positively associated with depressive symptoms across time. Similarly, lifetime stressor exposure
predicted late pregnancy depressive symptoms for all reward responsiveness measures in the
regression models but not postpartum depressive symptoms. Bivariate correlations between
lifetime stressor exposure and RewP, delta, and theta, as well as main effects in the regression
models for lifetime stressor exposure in predicting neural reward responsiveness were not
significant. Although not significant at the bivariate level, there was one exception in a

regression model, where greater exposure to lifetime stressors was associated with greater
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postpartum loss-related theta subtraction scores. As summarized in our recent meta-analysis
(Pegg & Kujawa, 2024), direct associations between stressors and reward responsiveness
measures have been previously observed in some previous studies with monetary RewP and
other measures of naturalistic stressors (e.g., Burani et al., 2022; Ethridge et al., 2018; Foti &
Hajcak, 2009; Freeman et al., 2023), but not consistently (Boecker-Schlier et al., 2016; Burani et
al., 2021; Kessel et al., 2019; Nelson, Kessel, et al., 2016; Rappaport et al., 2019; Suor et al.,
2021; Tan & Liu, 2023; Yan et al., 2023). Less work has been conducted examining associations
between stress and reward-related delta and loss-related theta. Although previous work with
acute laboratory-induced stress did not find an impact of the stressor on loss-related theta
(Ethridge et al., 2020), the positive association observed in the present study conceptually makes
sense, as experiencing acute stress has been associated with attentional bias toward negative
stimuli (Tsumura & Shimada, 2012). Why this association was only observed for models
examining associations between late pregnancy depressive symptoms and postpartum theta and
not earlier time points is unclear and warrants further investigation in future work. Overall, these
analyses suggest that exposure to naturalistic stressors may not have a strong direct effect on

reward responsiveness.

4.3 Limitations, Future Directions, and Strengths

There are several limitations of the present work. First, the sample size and inclusion of
only three waves of data made use of complex modeling, such as the RI-CLPM and interactions
in this framework, challenging. Future longitudinal work with a larger sample size and additional
waves of data is needed to further examine dynamic changes in the associations between

depression, reward responsiveness, and stress with finer temporal detail. Second, stress was
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measured as a total count of exposure to stressors across one’s lifetime. Additional research
should be conducted examining other types of stress measures to further explore how differences
in how stress is assessed, including proximity to the stressor, chronic vs acute levels of stress,
and developmental timing of stressors, potentially influence associations between depressive
symptoms and reward responsiveness. Third, the RI-CLPMs did not include covariates,
including age and number of electrode channels used in analyses, given that models with and
without time-invariant predictors are not comparable (Mulder & Hamaker, 2021). Inclusion of
these covariates into Aim 2 analyses did not reveal major changes in results, suggesting limited
influence of age and number of channels on findings, but additional work with a larger sample
size and inclusion of covariates such as age would potentially provide further support for the
present findings.

There are also several strengths of the present work worth noting. This study is the first to
examine longitudinal associations between depressive symptoms and neural reward
responsiveness across the perinatal period, furthering our understanding of associations between
these key constructs that may inform future clinical work. Also, by examining reciprocal
associations across time, this study contributes to the literature by testing and directly comparing
traditional conceptualizations of relations between depressive symptoms and reward
responsiveness (i.e., alterations in reward responsiveness preceding onset of depression) to
competing and more complex theories (i.e., bidirectional associations), which advances general
theories of positive valence systems and depression. Finally, this study also considered the role
of lifetime stressor exposure in relations between depressive symptoms and reward

responsiveness during the perinatal period. Although interactions with stress were not significant,
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the present study adds to the literature by examining complex pathways to depression during this

important life stage through associations with reward processing and lifetime stressor exposure.

4.4 Conclusion

The present study examined longitudinal associations between depressive symptoms and
time domain and time-frequency domain reward responsiveness measures across the perinatal
period with the goal of better understanding these complex relations across time. Results
provided partial support for the traditional conceptualization of associations between reward
processing and depression, that reduced reward responsiveness as measured by RewP predicts
depressive symptoms during pregnancy and that this association does not appear to be reciprocal
across the perinatal period. Furthermore, lifetime stressor exposure did not appear to
significantly interact with depressive symptoms in predicting reward responsiveness measures,
nor with reward responsiveness measure in predicting depressive symptoms across time. This
work highlights important future directions for the further exploration of these associations
during the perinatal period and contributes to the larger literature understanding underlying

mechanisms of perinatal depression.
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