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Abstract 

Postpartum depression (PPD) is a serious disorder associated with debilitating effects on 

mothers and their infants. A previous history of depression appears to be the strongest 

risk factor for PPD. Previous studies showed that individuals with history of depression 

accurately recall more negative compared to positive content. The objective of this study 

was to compare emotional memory for negative and positive images between pregnant 

women with previous depressive episodes and pregnant women with no lifetime 

depression. This is the first study to investigate emotional memory in pregnant women 

with or without previous history of Major Depressive Disorder (MDD). A total of 77 

participants between the ages of 18 - 44 (mean age: 27.3  6.2yo) completed the study (14 

pregnant women with previous depressive episodes, 30 pregnant women with no lifetime 

depression, 13 non-pregnant women with previous depressive episodes, and 20 non-

pregnant healthy). Participants took part in an emotional encoding task consisting of 

positive, negative, and neutral images from the International Affective Picture System 

(IAPS) where they were asked to rate these images based on perceived emotional 

intensity. Participants returned a week later for a surprise incidental recognition memory 

task. A multivariate general linear model revealed a significant main effect of group 

(F(1,71)= 8.04, p=.01). Women with history of MDD demonstrated poorer memory 

performance than women with no history for negative images, but the two groups did not 

differ on memory for positive images. This suggests that having a history of depression 

selectively impaired the memory recognition of negative images.  
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Introduction 

 Postpartum depression (PPD) is a common and preventable disorder associated 

with a debilitating effect on mothers and their infants (Wisner, Chambers, & Sit, 2006). 

PPD must be distinguished from the “baby blues”, which is mild and transient and affects 

50-80% of new mothers (Henshaw, 2003). PPD is more serious and persistent whereas 

baby blues is commonly experienced in new mothers and lasts usually a week after giving 

birth (O’Hara, 2009). PPD is classified not as a discrete disorder, but as a sub-type of a 

Major Depressive Disorder (MDD) in The Diagnostic and Statistical Manual of Mental 

Disorders (5
th

 ed.; DSM-5; American Psychiatric Association, 2013) with an onset of a 

Major Depressive episode (MDE) within 4 weeks postpartum (O’Hara, 2009). Its core 

criterion symptoms include a depressed mood most of the day, nearly every day for 

duration of at least 2 weeks or longer and/or a loss of interest or pleasure in activities 

usually enjoyed. In addition, five or more diagnostic symptoms may include (but are not 

limited to) a sleep deficit beyond what is typical for care of the baby, lack of or excessive 

concern for the baby, obsessive thoughts or impulses with regard to the child, ambivalent 

feelings or lack of feeling for the child, fear of failure or feelings of inadequacy as a 

mother, drastic change in appetite, anxiety or irritability, weight loss or weight gain, 

psychomotor agitation (i.e., uncomfortable inability to remain still) or retardation (i.e., 

slowing of cognitive and/or physical activity), fatigue or loss of energy, feelings of 

worthlessness or guilt, poor concentration and suicidal ideations or acts (American 

Psychiatric Association, 2013). Women have approximately a 50% higher risk of 

developing depression postnatally than at any other time in their lives (Vesga-Lopez, 
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Blanco, Keyes, Olfson, Grant, & Hasin, 2008). PPD is associated with higher rates of 

hospitalization, and increased risk of maternal suicide and infanticide (Comtois, Schiff, & 

Grossman, 2008; Diego, Field, Hernandez-Reif, Cullen, Schanberg, & Kuhn, 2004; 

Lindahl, Pearson, & Colpe, 2005). Studies have shown that children of depressed mothers 

have reduced cognitive, emotional, and social skills and display an insecure-avoidant 

attachment to their mother (Brand & Brennan, 2009). This is likely due to the mother’s 

lack of response to their infant which does not allow them to bond or form secure 

attachments. Pearson, Lightman, and Evans (2009) found that women depressed during 

pregnancy showed less response to images depicting distressed infants compared to non-

depressed women. Longitudinal studies have shown that children with mothers who 

suffered from PPD had elevated cortisol and norepinephrine levels, and developmental 

deficits in language, intelligence, and memory compared to children of non-depressed 

mothers (Cogill, Caplan, Alexandra, Robson, & Kumar, 1986; Essex, Klein, Cho, & 

Kalin, 2002; Grace, Evindar, Stewart, 2003). Additionally, offspring of mothers with 

depression are at increased risk of developing depressive and other psychiatric disorders. 

Research looking at maternal depression and risk for child psychopathology has found an 

association between mothers with recurrent depression and co-occurring psychiatric 

disorders such as anxiety or alcohol abuse and heightened risk for future psychiatric 

illness in offspring (Sellers, Collishaw, Rice, Thapar, Potter, & Mars et al., 2012). A 

number of psychosocial and environmental risk factors for PPD have been identified 

including lack of social support, stressful life events, low self-esteem, lack of support 

from partner, prenatal anxiety, difficult temperament of child, and low socioeconomic 
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status (Beck, 2001). In addition, previous history of depression, especially depression 

experienced prenatally, appears to be the strongest risk factor for PPD (Beck, 2001). This 

is evidenced by two large prospective studies (Heron, O’Connor, Evans, Golding, & 

Glover, 2004; Milgrom, et al., 2008) that followed women during pregnancy and in the 

postpartum period and found that one of the strongest predictors for PPD is having a 

previous history of depression. PPD is estimated to affect between 7-15% of women in 

the general population (O’Hara & Swain, 1996). This rate is 25% among women with 

past postpartum episodes, putting pregnant women with a previous history of MDD at 

significantly greater risk for PPD (Wisner, Parry, & Piontek, 2002).  

 

 

Memory 

In humans, it is a widely accepted view that emotional information is more 

accurately remembered than non-emotional information. This is because enhanced 

memories for positive and negative emotional experiences serve an important function for 

human behaviour (Christianson, 1987). Evolutionarily, stimuli that evoke positive or 

negative emotional and physiological arousal are more crucial and relevant to human 

survival than neutral stimuli (Pratto & John, 1991). Thus, it is advantageous to store 

emotional information as accurately as possible as this leads to a greater probability of 

survival. Emotion substantially influences and enhances the vividness and longevity of 

memories, especially for episodic memory (Pratto & John, 1991). Emotional memory can 

be defined as “memory for emotional stimuli, events or situations” (van Stegeren, 2008). 
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The advent of neuroimaging techniques such as Positron Emission Tomography (PET) 

and Functional Magnetic Resonance Imaging (fMRI) has enabled researchers to examine 

the neural mechanisms involved in emotional information processing (Phan, Wager, 

Taylor, & Liberzon, 2002). Many neuroimaging studies of humans have shown that there 

is increased amygdala activation following the presentation of emotional images, which is 

associated with better memory for these images. The amygdala works in concert with 

many interconnected brain regions such as the hippocampus, dorsal and ventral prefrontal 

cortex (PFC), thalamus, and hypothalamus to facilitate emotional learning and memory 

(Canli, Zhao, Desmond, Glover, & Gabrieli, 1999; LaBar & Cabeza, 2006). Due to their 

close proximity and direct neural projections to one another (i.e., the amygdala is located 

just anterior to the hippocampus, which is located in the medial temporal lobe), the 

amygdala enhances or alters the quality of hippocampal-dependent memory formation, 

organization, and storage for emotionally salient events through modulation of the 

hippocampus (Steinvorth, Levine, & Corkin, 2005). Evidence to support this comes from 

neuroimaging studies of humans (Dolcos, LaBar, & Cabeza, 2004; Kensinger & Corkin, 

2004) that have reported a significant correlation between the responsivity in the 

amygdala and hippocampus during encoding of emotional content. Evidence from animal 

studies has shown that glucocorticoids are important for memory enhancement of 

emotional information to occur. The amygdala mediates glucocorticoid effects on 

memory consolidation of recent emotional experiences via interactions with the 

hippocampus, which is enriched with glucocorticoid receptors (Roozendaal, 2000). The 

facilitating effect of stress hormones on memory performance will be discussed next. 
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Memory and stress hormones 

Hans Selye, known as the “father of stress” originally coined the term “stress” as 

related to pressures from the environment on biology (Selye, 1936). The major stress 

systems in the body are the sympathetic nervous system and the hypothalamic–pituitary-

adrenal (HPA) axis, with the HPA axis being at the center of the stress response. The two 

major chemical messengers mediating the stress response are epinephrine and 

glucocorticoids (cortisol in humans, corticosterone in other animals). Corticotropin-

releasing factor/hormone (CRF/CRH) is secreted by the paraventricular nucleus (PVN) of 

the hypothalamus in response to stress, which in turn stimulates the secretion of 

adrenocorticotrophic hormone (ACTH) and release of glucocorticoids.  Cortisol, the 

primary glucocorticoid in humans, is a reliable biological marker for HPA activity whose 

levels increase in response to a stressor. Strong evidence has shown that the release of 

noradrenaline, a neurotransmitter and stress hormone, and glucocorticoids have 

differential effects on the consolidation and retrieval phases of memory. Specifically, they 

have impairing effects on subsequent memory retrieval when released during learning 

(Buchanan & Tranel, 2008; de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 2000), 

and enhancing effects on memory when released post-learning (i.e., during consolidation) 

(Andreano & Cahill, 2006; Cahill, Gorski, & Le, 2003). The consolidation of memory can 

be modulated by the interaction of noradrenaline and cortisol following an emotional task 

(Przybyslawski, Roullet, & Sara, 1999; Nader, Schafe, & Le Doux, 2000). Strong 

evidence from animal studies has shown that glucocorticoid enhancement of memory 

requires endogenous noradrenergic activation in the basolateral nucleus of the amygdala 
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(BLA) in response to an arousing, emotional event. These studies have identified an 

important role of the noradrenergic system and the integrity of the BLA in emotional 

memory. Studies using rats show that noradrenergic agonists lead to enhanced memory 

performance on inhibitory avoidance tasks when injected in the BLA. In contrast, these 

memory effects can be reversed using a noradrenergic antagonist such as a betablocker, 

which leads to decreased memory performance (Roozendaal, 2000).  To see if these 

effects were also shown in humans, Cahill, Prins, Weber, and McGaugh (1994) 

investigated the effect of propranolol hydrochloride, a β-adrenergic receptor antagonist, 

on long term memory for an emotional and neutral story. The researchers found that 

propranolol selectively impaired memory for the emotional story, but not the neutral 

story. These results show that memory for emotionally arousing information involves 

adrenergic mechanisms within an intact amygdala, as blocking the noradrenaline 

receptors with a beta-blocker such as propranolol significantly reduces memory for this 

information. However, a study by Segal and Cahill (2009) showed that higher levels of 

endogenous adrenergic and glucocorticoid release during encoding of an emotional 

memory task results in enhanced memory at retrieval for emotional stimuli compared to 

non-emotional stimuli. These researchers found a positive correlation between salivary 

alpha-amylase (sAA), an established biological marker of noradrenergic reactivity, and 

memory for emotionally arousing pictures in healthy individuals. These results strongly 

indicate that an increase in adrenergic activation is selective for the long-term memory of 

emotional content (Segal & Cahill, 2009), and thus illustrates the discrepancy in the 

literature on the impairing and enhancing effects of cortisol on memory retrieval. A study 
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by Buchanan and Lovallo (2001) looked at the effect of elevated cortisol levels on long-

term memory performance by administering either cortisol or placebo to participants, and 

then having them view both emotionally arousing and emotionally neutral images. One 

week later participants’ memory for the images was tested. The researchers hypothesized 

that the participants randomly assigned to receive exogenous administration of cortisol 

before stimulus presentation would display better memory one week later for the 

emotionally arousing images, but not for the emotionally neutral images. Results 

supported this hypothesis; those who received cortisol remembered more emotionally 

arousing images than those who received a placebo. These findings document the crucial 

involvement of cortisol in the formation of long term memory for emotional images 

through its enhancing influence on acquisition and consolidation. Taken together, it is 

clear that the amygdala and its noradrenergic receptors in the BLA play a pivotal role in 

glucocorticoid mediated emotional learning and memory (Cahill, Babinski, Markowitsch, 

& McGaugh, 1995; Phelps, 2004).   

 

Memory in depression 

It is well documented in the literature that individuals with clinical and subclinical 

depression recall less overall, and have enhanced memory for negative compared to 

positive content (Watkins, Matthews, Williamson, & Fuller, 1992; Bradley, Mogg, & 

Williams, 1995). This memory bias towards negative emotions is known as the “mood-

congruent memory bias” and is theorized by some to be a maladaptive cognitive schema 

most commonly seen in individuals with depression (Kovacs & Beck, 1978; Ridout, 
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Astell, Reid, Glen, & O’Carroll, 2003; Watkins et. al., 1992). Although the exact 

pathophysiology remains unknown, many brain regions and their interconnections 

involved in processing and regulating emotional behaviour, learning and memory, mood, 

motivation and reward have been implicated in the neural circuitry of depression (Beck, 

2008; Murrough, Iacoviello, Neumeister, Charney, & Iosifescu, 2011).  These include the 

hippocampus, anterior cingulate cortex, and frontal cortex (e.g., prefrontal cortex) as well 

as several subcortical structures such as the nucleus accumbens, amygdala, hypothalamus, 

insula and other related limbic structures. Extensive research shows that the amygdala is 

hyperactive in depression (Hamilton & Gotlib, 2008), and it has been posited by several 

investigators that there is over-activation of the amygdala-hippocampus system in 

response to negative affective stimuli in individuals with depression (Fu, Williams, 

Cleare, Brammer, Walsh, Kim, Andrew, Pich, Williams, Reed, Mitterschiffthaler, 

Suckling & Bullmore, 2004; Hamilton & Gotlib, 2008; Sheline, Barch, Donnelly, 

Ollinger, Snyder, & Mintun, 2001; Siegle, Steinhauer, Thase, Stenger, & Carter, 2002; 

Surguladze, Brammer, Keedwell, Giampietro, Young, Travis, Williams, & Phillips, 

2005). This may be related to abnormalities within certain brain structures and/or 

disruption in the frontal-subcortical (i.e., “top down”) pathways such that the prefrontal 

cortical areas are unable to “calm” or control the amygdala during emotional processing 

(Clark, Chamberlain, & Sahakian, 2009). Hamilton and Gotlib (2008) were among the 

first researchers to examine the neural correlates of enhanced emotional recall for 

negative stimuli in individuals with depression. In an fMRI scanner, they presented 

control and depressed participants with positive, neutral, and negative images as part of a 
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picture encoding task. Pictures for the task were selected from the International Affective 

Picture System (IAPS) (Lang, Bradley, & Cuthbert, 1997) based on normative valence 

(“the positive or negative nature of a stimulus) and arousal (“the stimulating or calming 

nature of a stimulus”) (Mickley Steinmetz, Addis, Kensinger, 2010, p. 318) ratings. 

Participants were instructed on screen to rate the IAPS images based on perceived 

emotional intensity. One week after the scan, participants returned to the lab for an 

incidental recognition memory task, which assesses implicit memory for images, where 

original pictures shown during the encoding task were shown plus foil images not 

previously shown. Participants were asked to indicate whether they had seen each of the 

images by pressing one of three buttons: the number 1 key if they remembered not having 

seen the picture before, the number 2 key if the picture looked familiar or the number 3 

key if they remembered they had seen the picture the previous week. Hamilton and Gotlib 

(2008) hypothesized that those individuals with depression would exhibit increased 

memory sensitivity for the negative images due to an over-recruitment of brain areas that 

are involved in memory for affective information during encoding. Indeed, the 

researchers found that individuals with MDD displayed a greater memory bias than non-

depressed individuals for negative pictures, but not for positive or neutral pictures. In 

contrast, individuals with no lifetime history of depression recalled positive pictures more 

accurately than the negative pictures. The fMRI scan showed that this enhanced memory 

for negative stimuli at retrieval was associated with increased amygdala activation at 

encoding, and that the magnitude of the amygdalar response was dependent on the 

severity of depressive symptoms reported by depressed participants (Hamilton & Gotlib, 
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2008). These results suggested that there is greater activation of the amygdala for stimuli 

that are emotionally arousing, but not for neutral stimuli, and that this memory effect is 

selective for individuals with depression for the encoding of negative information 

(Hamilton & Gotlib, 2008).  

 

Memory during pregnancy 

Pregnant women often report memory difficulties during pregnancy (Sharp, 

Brindle, Brown, & Turner, 1993) including forgetfulness, absentmindedness, difficulties 

in concentrating, and decreased attention. Although there is some objective research to 

support this claim, many studies that have investigated whether these subjective 

pregnancy related memory impairments reflect objective deficits have yielded 

inconsistent results. The domains of memory that have been objectively found to be 

negatively affected by pregnancy are explicit episodic memory, implicit memory, 

semantic memory, working memory, and prospective memory, but these deficits are 

nowhere near as robust as the subjective reports from pregnant women (Cuttler, Graf, 

Pawluski, & Galea, 2011). It is possible that the societal stereotype that pregnancy is 

frequently associated with memory deficits (often referred to as “baby brain”) may 

contribute to pregnant women attributing more of their memory difficulties to pregnancy 

(Crawley, 2002; Crawley, Grant, & Hinshaw, 2008). Overall, studies suggest that there 

are less severe objective memory deficits during pregnancy than what is subjectively 

reported by pregnant women. The focus in the literature has shifted to investigating 
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potential explanations for these pregnancy related memory deficits. Pregnancy is marked 

by major physiological, psychological, and hormonal changes which are widely known to 

negatively affect memory (Cuttler et al., 2011). Previous studies have looked at whether 

hormones, specifically cortisol, may be responsible for the cognitive deficits 

accompanying pregnancy. Cortisol is known to significantly increase throughout 

pregnancy (Allolio, Hoffman, Linton, Winkelmann, Kusche, & Schulte, 1990) and to 

adversely affect memory (Seeman, McEwan, Singer, Albert, & Rowe, 1997; Heffelfinger 

& Newcomer, 2001). Despite this, previous studies that examined the possibility that 

cortisol may account for the memory difficulties reported in pregnancy have not found 

any evidence to support this (Buckwalter et al., 1999). Another possibility explored in the 

literature is that low mood and anxiety may negatively affect memory since these have 

also been reported during pregnancy (Jarrahi-Zadeh, Kane, Van De Castle, Lachenbrunch, 

& Ewing, 1969; Keenan et al., 1998; Buckwalter et al., 2001). The literature appears to be 

inconsistent again, with some studies concluding that the mood changes that occur during 

pregnancy are related to subjective (Gross & Pattison, 1994; Morris, Toms, Easthope, & 

Biddulph, 1998) and objective reports (Jarrahi-Zadeh et al., 1969) of cognitive deficits, 

and others finding that mood changes do not relate to either subjective or objective 

reports (Poser, Kassirer, & Peyser, 1986; Keenan et al., 1998; Buckwalter et al., 1999; 

Vanston & Watson, 2005). This contradictory evidence leaves the question open as to 

whether or not mood fluctuations are an adequate explanation for the cognitive deficits 

pregnant women experience. Finally, pregnant women in the 3
rd

 trimester of pregnancy 

often report physical discomfort (e.g., backache, fatigue) and reduced sleep quality 
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(Janes, Casey, Huntsdale,  & Angus, 1999; Crawley, 2002), which may have negative 

consequences for memory. Research has found that sleep quality, a clinical construct 

made up of components including sleep latency, sleep duration, habitual sleep efficiency, 

and sleep disturbances (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) is related to 

subjective (Janes et al., 1999), but not objective memory deficits (Janes et al., 1999). Not 

all changes observed during pregnancy are negative however. Contrary to this common 

perception past research has shown that cognitive function in the domain of recognition 

performance (Mickes, Wixted, Shapiro, & Scarff, 2009) and word list learning (Silber, 

Almkvist, Larsson, & Uvnas, 1990) is actually enhanced during pregnancy. One study 

investigated emotionally influenced recognition for faces during pregnancy (Pearson et. 

al., 2009). These researchers used a facial recognition task to study pregnant women’s 

ability to encode emotional faces in early gestation (7-14 weeks) and again at late 

gestation (33-39 weeks). Their findings show that pregnant women in late gestation had 

an enhanced ability to recognize facial expressions displaying fear, disgust, and anger 

compared to in early gestation, but no change in the ability to recognize sad or happy 

facial expressions, which the authors suggest reflects a hypervigilant emotion processing 

system during pregnancy for emotional stimuli signalling threat or harm. This makes 

sense from an evolutionary perspective, in that pregnant women would be selectively 

attentive to negative emotional stimuli if this enhanced recognition serves a protective 

and survival function for their offspring. There is the possibility that late pregnancy 

enhances memory for threatening stimuli because late in pregnancy there is an elevation 

of cortisol therefore leading to more efficient recognition of these stimuli. An enhanced 
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memory for emotional negative content in pregnant women with a previous history of 

depression may be associated with an increased risk for PPD. Emotional memory has not 

been systematically investigated in pregnant women as evidenced by the lack of 

significant data reported in this understudied area (Pearson et al., 2009). To the best of 

our knowledge, our study is the first to investigate emotional memory in pregnant women 

with or without previous history of MDD.  

 

The objective of the present study was to compare emotional memory in pregnant 

women considered to be high risk for PPD (those with previous depressive episodes but 

currently euthymic) with that of pregnant women considered at low risk (those with no 

lifetime depression). To control for potential pregnancy effects on emotional memory, 

non-pregnant women with and without previous depressive episodes were also recruited. 

The research hypotheses of this study are threefold. The primary hypothesis is that 

pregnant women with history of MDD will exhibit enhanced memory sensitivity for 

negative images as compared to pregnant women with no history of MDD. Similarly, the 

secondary hypothesis is that non-pregnant women with history of MDD will exhibit 

enhanced memory sensitivity for negative images as compared to non-pregnant women 

with no lifetime MDD. The third hypothesis is that memory sensitivity for negative 

stimuli would significantly correlate with increased levels of salivary cortisol (sCORT) 

and salivary alpha-amylase (sAA) in pregnant and in non-pregnant women with history of 

MDD.  
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Method 

Participants 

 The Research Ethics board of St. Joseph’s Healthcare Hamilton approved the 

study. To date, 86 female participants have been recruited by a variety of methods 

including community advertisements, Experimetrix, a web-based experiment sign-up 

website, the Women’s Health Concerns Clinic (WHCC) at St. Joseph’s Healthcare 

Hamilton and a community midwives clinic in Hamilton, Ontario, Canada. A total of 470 

individuals were screened for the study. The three most common reasons for study refusal 

were a lack of interest in the research, the minimum 2.5 hour study time commitment, 

and/or a busy schedule. Volunteers eligible and willing to take part in the study were 

selected after an initial screening interview. They were informed that they would be 

participating in a study examining the potential link between PPD and emotion. 

Participants were informed that the experimental testing would occur on two separate 

occasions and that both would involve similar tasks. Pregnant participants were studied in 

the second trimester (between 12 to 22 weeks of gestational age) because this period is 

associated with the least reported physical discomfort and/or pain complaints and less 

sleep disturbance, which may influence emotional memory, compared to that seen in the 

third trimester of pregnancy (Orff & Parry, 2013). Women with a previous history of 

depression all met DSM-IV criteria for MDD and had been euthymic for at least 3 months 

prior to study participation. All participants read and gave informed written consent. 

Participants were excluded if they met current criteria for any Axis I disorder. Additional 
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exclusion criteria included: lifetime history of Schizophrenia, Schizoaffective Disorder, 

Delusional Disorder, Bipolar Disorder, Eating Disorder, or alcohol substance dependence; 

presence of any neurological disease; history of head trauma with loss of consciousness 

for more than five minutes; mental retardation; unstable medical condition; history of any 

anxiety disorder in the past six months; history of alcohol or substance abuse in the last 6 

months. Participants were also deemed not eligible if they had Edinburgh Postnatal 

Depression Scale (EPDS) scores greater than 12. Exclusion criteria were selected to 

minimize confounds to emotional memory. All participants had an estimated Intelligence 

Quotient (IQ) of 70 or greater. Of the individuals initially enrolled in the study, 4 were 

deemed not eligible after administering The Structured Clinical Interview for DSM-IV 

Axis I Disorders (SCID-I/P) (First, Spitzer, Gibbon, & Williams, 2002) and meeting 

lifetime criteria for an eating disorder and/or current criteria for Generalized Anxiety 

Disorder (GAD). Data were collected between July 2011 and May 2013. Data was 

excluded from 5 participants who failed to return for the second session. A total of 77 

participants between the ages of 18 – 44 (mean age: 27.3  6.2yo) successfully completed 

the study. This included 14 pregnant women with a history of major depressive episodes, 

13 non-pregnant women with no history of major depressive episodes, 30 pregnant 

healthy women with no lifetime depression, and 20 non-pregnant healthy women. All 

non-pregnant participants verbally reported having regular menstrual cycles and were 

asked when the first day of their last menstrual period was. This was to ensure that testing 

was done during the follicular phase of the menstrual cycle to control for the potential 

influence of ovarian sex hormones on emotional memory (Ertman, Andreano, & Cahill, 
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2011). All participants were medication free, except for 4 participants (2 pregnant with 

previous history of MDD, 1 non-pregnant with previous history of MDD, and 1 non-

pregnant healthy) whom reported taking Synthroid, and 4 participants (2 pregnant with 

previous history of MDD and 2 non-pregnant with previous history of MDD) who 

reported taking antidepressant medication (Cipralex or Effexor) at the time of the study. 

All groups were matched by age, total number of years of education, IQ score, gestational 

age (GA) and number of previous MDEs (when applicable). 

 

Materials 

The Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I/P) (First 

et al., 2002) was used to evaluate participants’ current and/or past history of Axis I 

disorders. Depressive symptoms in the past week were assessed using the Edinburgh 

Postnatal Depression Scale (EPDS) (Cox et al., 1987) and the Montgomery-Asberg 

Depression Rating Scale (MADRS) (Montgomery & Asberg, 1979). Both clinical scales 

are shown in Appendices A and B, respectively. The State-Trait Anxiety Index (STAI) 

(Spielberger & Lushene, 1970) was administered to measure current state (i.e., anxiety 

about an event) and trait (i.e., anxiety as a personal characteristic) anxiety levels (see 

Appendix C). The Postpartum Depression Predictors Inventory-Revised (PDPI-R) (Beck, 

2002) was used to determine risk factors present during pregnancy (Appendix D). Sleep 

quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) (Buyesse et al., 

1989) (Appendix E). All of these questionnaires are widely used and have shown high 

internal reliability and validity. To estimate baseline intellectual capacity (IQ score), two 
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subtests (vocabulary and matrix reasoning performance) of the Wechsler Abbreviated 

Scale of Intelligence (WASI) (Weschler, 1999) were administered to all participants. Pre-

morbid intellectual functioning was assessed using the Wechsler Test of Adult Reading 

(WTAR) (Wechsler, 2001). A standardized emotional reactivity task (ERT) included 

images selected from the IAPS (Lang, Bradley & Cuthbert, 1997) and were divided into 

positive, neutral, and negative categories based on IAPS valence and arousal norms (as 

defined earlier). Positive pictures had a mean normed valence of 7.53 with a range 

between 6.56-8.59, and a mean normed arousal of 5.28; neutral pictures had a mean 

normed valence of 5.17 with a range between 4.53-5.76, and a mean normed arousal 

equal to 3.42; negative pictures had a mean normed valence of 2.66 with a range between 

1.29-4.23, and a mean normed arousal of 5.65. Since the current study sample includes 

members of potentially vulnerable populations (i.e., pregnant women and women with 

depression), images were chosen with caution so as to not cause undue distress or mental 

anguish. A standardized emotional memory task (EMT) is the most commonly used 

memory test to investigate memory for emotional stimuli. Stimulus presentation, timing, 

and recording of behavioural data during the ERT and EMT were generated by an ASUS 

K53SV laptop with 37.8 x 25.3 x 2.83cm dimensions and 15.6 inch display. ERT and 

EMT were coded using E-prime v1.2 software and administered according to van 

Stegeren et al. (2005). ERT and EMT tasks were used to measure emotional intensity 

ratings and emotional memory performance, respectively, for each valence category in 

participant groups. Please refer to Appendix F for emotional task instructions. Sorbettes 

(Salimetrics LLC, State College, PA, USA) were used to collect the sCORT and sAA 
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saliva samples. The fraction of free cortisol was measured by an expanded range high 

sensitivity salivary cortisol enzyme immunoassay kit and alpha-amylase concentrations 

were determined using a kinetic enzyme assay kit, both with proven reliability and 

validity (Salimetrics LLC, State College, PA, USA).   

 

Procedures and Measures 

 During the first session, consent was obtained and participants were assessed 

using the SCID-I/P (First et al., 2002) by a psychiatrist or trained graduate student. 

Participants completed self-reported (EPDS and STAI) and professionally administered 

(MADRS, PDPI-R, PSQI) questionnaires. The WTAR and WASI were then administered 

by a trained professional to all participants. Cortisol and alpha-amylase in saliva were 

collected at four different times during the first visit: 10 minutes before the emotional 

reactivity task (time -1), immediately before the task (time 0), immediately after the task 

(time 1), and 10 minutes after the task (time 2). Participants were asked to refrain from 

consuming caffeine and alcohol, or participating in cardiovascular exercise 24 hours prior 

to both study visits to control for diurnal hormonal variations (Segal & Cahill, 2009; 

Walsh, Blannin, Clark, Cook, Robson & Gleeson, 1999). Testing was conducted between 

the hours of 10:00 and 19:00 hours. At each time point, a saliva sample was collected by 

inserting a Sorbette under the participant’s tongue for a minimum of 90 seconds. After the 

first saliva sample was given, participants were shown instructions on screen and 

completed a practice run before beginning the ERT task. Immediately after the second 
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saliva sample, participants viewed a total of 144 images in random order, consisting of 48 

neutral pictures, 48 negative pictures, and 48 positive pictures. A fixation cross was 

shown on screen for 500 ms before each image, which participants were told to focus on. 

Each picture was presented for 3000ms. Participants were instructed to view each picture 

for the entire time that it was on the screen. After the presentation of each picture, 

participants were asked on screen to indicate the emotional intensity of the picture on a 7-

point likert scale where 1 represented “not emotional at all” and 7 represented “extremely 

emotional”. Immediately after completing the ERT, the third saliva sample was collected, 

then after 10 minutes the final saliva sample was collected. All saliva samples were stored 

at -80°C until assayed. Participants were not aware at any time during the first visit that 

their memory would be assessed in the subsequent week. Rather, they were told they 

would return the following week to perform “a similar task”.  Participants returned one 

week later for the second session and once again completed the EPDS, MADRS, STAI, 

and PSQI questionnaires. Scores on these four questionnaires from the first session and 

second session were averaged so that any changes in mood, anxiety, and sleep quality 

could be accounted for. Participants also took part in an incidental recognition memory 

task (Segal & Cahill, 2009) of which they had no previous knowledge. Participants 

viewed a total of 216 images, which included the 144 original images shown during the 

first session, and 72 foil pictures (24 pictures for each valence category) that were not 

previously shown. Foil pictures were matched for average valence and arousal to the 

original 144 images. Participants viewed each image and were then asked on screen to 

indicate whether they had seen the picture previously by pressing one of three buttons. 
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Participants were instructed to press the number 1 key if they had not seen the picture 

before, the number 2 key if the picture looks familiar, but they are not sure, or the number 

3 key if they are sure they had seen the picture before. Participants were debriefed on the 

purpose of the task and asked if they had any further questions following completion of 

the EMT.  

 

Pilot Follow-up Study 

This pilot follow-up study was added to the project after 19% of participants had 

completed their participation in the study. Pregnant and non-pregnant participants were 

individually contacted once over the telephone between 8-12 weeks postpartum or 28-32 

weeks after the second study session, respectively. Follow-up times were determined 

based on estimated due dates and date of study completion to ensure pregnant and non-

pregnant individuals were contacted at comparable times after the EMT sessions. The 

postpartum telephone follow-up assessment lasted approximately 5-10 minutes and 

consisted of re-administering the EPDS and the past MDE module of the SCID-I/P (First 

et al., 2002) to assess whether or not depressive symptoms and/or episodes had developed 

in any of the participants since study completion. 
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Data Analysis 

Statistics were performed using the Statistical Package for Social Sciences version 

21.0 for Windows (IBM Corp., Armonk, NY, USA). A total of 77 participants were 

included in these analyses after excluding 5 participants who failed to return for the 

second study session. Differences between groups on age, education, IQ score, weeks of 

GA and number of previous MDEs (when applicable) were analyzed using one-way 

analyses of variance (ANOVA). For each participant, mean emotional intensity ratings 

and memory sensitivity indexes (d’) were calculated for each of the three valence 

categories. Individual trials from the ERT were categorized according to the average 

intensity rating for each valence category, ranging from 1 (“not emotional at all”) to 7 

(“extremely emotional”). A multivariate general linear model included intensity ratings 

with participant group (pregnancy status or MDD history) as the between-subjects factor 

and intensity ratings as a function of valence (negative, neutral, positive) as the within-

subjects factor. Here, ‘pregnancy status’ refers to whether participants are pregnant or 

non-pregnant and ‘MDD history’ refers to whether participants have a history of MDD or 

no history of MDD. A main effect of group (pregnancy status or MDD history) and the 

interaction between pregnancy status and MDD history were analyzed. Age and total 

number of years of education were included as covariates in the model. For the EMT, 

“Hits” were counted as the number of correctly identified original pictures rated as 2 

(“familiar”) or 3 (“with certainty”) for each valence category. “False alarms” were 

counted as incorrectly recognizing a foil picture as having been shown during the first 

session (assigning a rating of “2” or “3”). Hit and False Alarm rates were calculated for 
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each individual participant by dividing the number of hits and false alarms, respectively, 

by the total number of “2” and “3” responses for each category of emotional valence 

(Hamilton & Gotlib, 2008). These rates were then used to calculate the sensitivity indexes 

(d’). Since it has been reported that depressed individuals remember less information 

overall in comparison to non-depressed individuals (Burt, Zembar, & Niederehe, 1995), 

valence specific sensitivity indexes (positive and negative) were calculated by dividing 

the d’ for positive and d’ for negative information by the d’ for neutral information, 

respectively, to control for variance explained by this reliable memory finding. A 

multivariate general linear model included these resultant memory sensitivity indexes 

with participant group (pregnancy status or MDD history) as the between-subjects factor 

and valence (positive, negative) as the within-subjects factor. A main effect of group 

(pregnancy status or MDD history) and the group interaction (pregnancy status by MDD 

history) was examined. Age, total number of years of education, and area under the 

cortisol curve (AUCG), which is the plot of cortisol versus time, were included as 

covariates in the model. To see whether intensity ratings for the emotional categories of 

images (negative, positive) during the first session correlated with memory performance 

for negative images on the second session one week later, multiple linear regression 

analyses were performed separately for those participants with a previous history of MDD 

and for participants without history of MDD. Memory performance for negative images 

was the dependent variable and intensity ratings for negative and positive images were 

included as predictors in the model. A Levene’s test of equality of error variance was 

performed to assess whether participant groups had equal variances. A Shapiro-Wilk test 
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was used to calculate the probability that the data are normally distributed for each 

participant group. The null hypothesis of this test is that the participant samples were 

drawn from a normally distributed population. The alternative hypothesis is that the 

participant samples were not drawn from a normally distributed population. Significance 

of post hoc comparisons between groups was calculated with the Bonferroni correction. 

All tests were based on a 95% confidence interval corresponding to an α of 0.05 to 

indicate statistical significance. Area under the curve (AUC) was used to incorporate the 

four time points of hormonal collection and detect individual and group changes in 

salivary cortisol and salivary alpha-amylase over time. Two formulas that are used for 

computation of the AUC are termed ‘area under the curve with respect to ground’ (AUCG) 

and ‘area under the curve with respect to the increase’ (AUCI) (Pruessner, Kirschbaum, 

Meinlschmid, & Hellhammer, 2003), and are derived using trapezoidal integration 

(Reinhardt & Soeder, 2001). In endocrinological research, the AUCG is useful when 

looking at total hormonal release whereas the AUCI is more useful in research designs 

using acute stress tasks such as the Trier Social Stress Test (TSST) (Kirschbaum, Pirke, & 

Hellhammer, 1993) and the Cold Pressor Task (CPT) (van Stegeren, Wolf, & Kindt, 

2008) where levels of sAA are expected to increase and change over time. Since the 

current study did not administer a stressor, only AUCG was employed. Total release 

(AUCG) was calculated from the four salivary cortisol and four salivary alpha-amylase 

measures using 10 minute (between time -1 and time 0, between time +1 and time +2) 

and 30 minute intervals (between time 0 and time +1) between measurements. The 

interval between measurements at time 0 and time +1 was 30 minutes as this was the 
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duration of the ERT. The formula used to calculate AUCG for each individual participant 

is as follows:  

AUCG = (m2 + m1)*t1/2 + (m3 + m2)*t2/2 + (m4 + m3)*t3/2 

with t1 to t3 denoting the time intervals between the single measurements and m1 to m4 

representing the single measurements. The relation between total salivary-free cortisol 

and alpha-amylase secretion (AUCG) and subsequent memory performance was estimated 

using multiple linear regression. For each participant group, memory performance for 

negative images was the dependent variable and education, age, IQ score, and all original 

AUCG values for cortisol and alpha-amylase were included as predictors in the model. 

Additionally, Pearson product-moment correlation coefficients were computed to assess 

the strength of the linear association between time of day and the first cortisol sample 

(time-1) and between time of day and area under the cortisol curve (AUCG) for each 

participant group. A two-way ANOVA with repeated measures was used to analyze 

within and between pregnant group differences in EPDS scores during the second 

trimester of pregnancy and in the postpartum period. Participant group (pregnant with 

previous history of MDD or pregnant without previous history of MDD) was the 

between-subjects factor and EPDS as a function of time (12-22 weeks of GA or 8-12 

weeks postpartum) was the within-subjects factor. A main effect of time, group, and their 

interaction (i.e., time by group) was examined. Age, total number of years of education, 

IQ score, weeks of GA and total number of MDEs were included as covariates in the 

model. We also examined the number of participants who met diagnostic criteria for a 

MDE as indicated by the SCID-I/P (First et al., 2002).
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Results 

Demographic and clinical characteristics 

Demographic and clinical characteristics are shown in Table 1. The 4 groups did 

not differ with respect to IQ score (F(3,74) =1.0, p=.40), weeks of GA (F(1,41) =1.01, 

p=.32) or number of previous MDEs (F(1, 25) =.003, p=.96) (when applicable). However, 

there were significant differences between groups on age (F(3,76) =6.97, p<.001) and 

total number of years of education (F(3,76) =5.68, p=.002) as shown by one-way 

ANOVAs. A post hoc Bonferroni test revealed that the non-pregnant healthy group was 

younger and had fewer number of years of education completed than the pregnant with 

previous history of MDD (p=.001) and the pregnant healthy (p=.002) groups. Thus, in 

order to control for these group differences, age and education were included as 

covariates in all statistical analyses.  There were significant differences between groups 

on STAI state (F(3, 76)= 6.71, p<.0001) and STAI trait (F(3,76)= 5.80, p=.001) scores, 

but not on PSQI (F(3,76)= .97, p=.41) or MADRS (F(3,76)= 2.02, p=.12) scores. A post 

hoc Bonferroni test revealed that the non-pregnant with previous history of MDD group 

had higher STAI state scores than non-pregnant healthy (p=.045) and pregnant healthy 

(p<.0001) groups. Similarly, the non-pregnant with previous history of MDD group had 

higher STAI trait scores than the pregnant healthy group (p=.001). 
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Emotional Intensity Ratings 

The mean intensity ratings for emotional valence categories across all participant 

groups are displayed in Figures 1a-c. A multivariate linear regression analysis revealed 

that the general linear model was marginally significant for intensity ratings for positive 

images (F(5,71)= 2.31, p= .05). The main effect of group (pregnancy status or MDD 

history) was not significant; pregnant and non-pregnant groups did not differ on intensity 

ratings for negative (F(1,71)= .19, p=.66), neutral (F(1,71)= 1.16, p=.29) or positive 

(F(1,71)= .18, p=.67) images. Similarly, groups with or without a previous history of 

MDD did not differ on intensity ratings for negative (F(1,71)= .17, p=.68), neutral 

(F(1,71)=.16, p=.70) or positive (F(1,71)= .01, p=.91) images. There was a significant 

interaction between the effects of pregnancy status and MDD history on emotional 

intensity ratings for negative (F(1,71)= 4.52, p=.04) and positive (F(1,71)= 8.68, p=.004), 

but not neutral (F(1,71)= .83, p=.37) images. In pregnant women, having a previous 

history of MDD was associated with higher intensity ratings for negative and positive 

images. In non-pregnant women, history of MDD was associated with lower intensity 

ratings for these same emotional categories of images.  
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Memory Sensitivity (d’) 

The mean normalized memory sensitivity indexes (d’) for emotional valence 

categories across all groups are shown in Figures 2a-c. A multivariate linear regression 

revealed that the general linear model was marginally significant for memory sensitivity 

for negative images (F(5,71)= 2.11, p= .08). The main effect of group (pregnancy status) 

was not significant; pregnant and non-pregnant groups did not differ in memory 

performance for negative (F(1,71)= 1.02, p=.32) or positive (F(1,71)= .002, p=.96) 

images. However, there was a main effect of group (MDD history); groups with or 

without a previous history of MDD differed in memory performance for negative 

(F(1,71)= 8.04, p=.01), but not positive (F(1,71)= 2.40, p=.13) images. Women with 

history of MDD had poorer memory performance than women with no previous history 

of MDD for negative, but not positive images. The interaction between pregnancy status 

and MDD history on memory performance for negative (F(1,71)= .33, p=.57) and 

positive (F(1,71)= 1.04, p=.31) images was not significant. The relation between intensity 

ratings for negative and positive images on the first session and memory performance for 

negative images on the second session was estimated using multiple linear regression. 

Memory performance for negative images was not predicted by intensity ratings for 

negative images, b = .008, t(.11), p=.91 or positive images, b = .022, t(.22), p=.83.   
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Salivary cortisol and alpha-amylase 

Of the 77 participants, data were missing due to insufficient saliva collection in 

two (2.5%) participants. Pearson correlation coefficients revealed that there was a 

negative correlation between salivary cortisol at baseline (10 minutes before the ERT) 

and time of day in the pregnant (rP= -.40, p=.04) and non-pregnant (rP= -.57, p=.008) 

healthy groups, but not in pregnant (rP = -.17, p=.56) and non-pregnant (rP = .03, p=.93) 

women with previous history of MDD. Similarly, total salivary-free cortisol secretion 

(AUCG) was negatively correlated with time of day in pregnant (rP= -.48, p=.012) and 

non-pregnant (rP = -.54, p=.02) healthy groups, but not in pregnant (rP = -.29, p=.31) and 

non-pregnant (rP = .16, p=.67) with previous history of MDD groups. Interestingly, total 

salivary-free cortisol secretion (AUCG) and weeks of GA were strongly correlated in 

pregnant healthy women (rP = .52, p=.004), but not in pregnant women with previous 

history of MDD (rP = -.22, p=.46). A line graph for each group summarizes these results 

in Figures 3a-j. The relation between memory performance for negative images and 

salivary hormones (cortisol and alpha-amylase AUCG) were estimated using multiple 

linear regression. Memory performance for negative images were not predicted by area 

under the cortisol curve (AUCG), b = .05, t(.42), p=.67 or area under the alpha-amylase 

curve (AUCG), b = -.03, t(-.22), p=.82. However, in this model MDD history significantly 

predicted memory performance for negative images, b = -.31, t(-2.57), p=.01; MDD 

history explained 13% of variance in memory performance for the negative stimuli, R
2
 = 

.13, F(6,67)= 1.61, p= .01. These results from multiple linear regression confirms the 

previously reported multivariate general linear model finding that MDD history 
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significantly predicted memory for negative images, and suggests that this effect is 

independent of salivary cortisol or alpha-amylase. 

 

Pilot Follow-up study 

Average EPDS scores for pregnant groups during the second trimester of 

pregnancy and in postpartum are presented in Table 2. To date, pilot follow-ups have 

been done on 42 women including 32 pregnant (9 with previous history of MDD and 23 

with no history of MDD) and 10 non-pregnant participants (7 with previous history of 

MDD and 3 with no history of MDD). Three women (7%) were unable to be contacted 

due to reasons that included moving out of the country (N=2), or not providing consent to 

be contacted at follow-up (N=1). Among the successful 42 follow-ups, 6 (14.3%) women 

did meet diagnostic criteria for a MDE, while 36 (85.7%) women did not. Among these 6 

women who have met criteria for a MDE in the follow-up, 5 (83.3%) had a previous 

history of MDD (1 pregnant and 4 non-pregnant). A two-way ANOVA with repeated 

measures (group over time) revealed that the main effect of EPDS as a function of time 

was significant for pregnancy and in the postpartum period (F(1,28)= 6.16, p=.02). Both 

pregnant groups had increased EPDS scores in postpartum compared to pregnancy. There 

was also a main effect of group on EPDS scores (F(1,28)= 8.77, p=.01). Univariate 

analyses revealed that the pregnant with previous history of MDD group had higher 

EPDS scores than the pregnant without previous history of MDD during pregnancy (12-
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22 weeks) (F(1,42)= 6.42, p=.02) and in postpartum (8-12 weeks) (F(1,30)= 5.24, 

p=.03).The EPDS by group interaction was not significant (F(1, 28) = .20, p=.66).  

 

 

Discussion 

To the best of our knowledge, this is the first study to systematically investigate 

emotional memory in pregnant women with or without a previous history of MDD. The 

objective of the present study was to compare emotional memory between pregnant 

women considered to be high risk for PPD (those with previous depressive episodes but 

currently euthymic) and pregnant women considered at low risk (those with no previous 

depressive episodes).  We tested the hypothesis whether pregnant women with previous 

history of MDD had greater memory sensitivity for negative images compared to 

pregnant women without previous history of MDD. Similarly, we investigated whether 

non-pregnant women with history of MDD displayed enhanced memory for negative 

images compared to non-pregnant women without history of MDD. Our hypotheses were 

based on previous studies showing better recollection for negative content in individuals 

with depression. We also examined whether there was a relation between memory 

enhancement for negative images and increased levels of sCORT and sAA (AUCG) in the 

pregnant and non-pregnant women with history of MDD. This hypothesis is based on 

previous research that has shown that higher levels of adrenergic and glucocorticoid 

hormones during an emotional encoding task results in enhanced memory for emotional 

stimuli compared to non-emotional stimuli (Segal & Cahill, 2009). 



M.Sc. Thesis – M. Williams; McMaster University – Neuroscience          31 
 

We found that pregnant and non-pregnant groups did not differ on emotional 

intensity ratings for the three categories of images. This finding suggests that pregnancy 

did not affect the encoding or processing of these images in pregnant compared to non-

pregnant women. Since female sex hormones (i.e., estrogen, progesterone) have been 

found to increase the sensitivity of emotion processing systems in women (Pearson et al., 

2009) and pregnancy is associated with large increases in these hormones throughout 

gestation, it would be possible that these hormonal changes could enhance the processing 

of emotional stimuli in pregnant women, especially for negative stimuli (Pearson et al., 

2009). Pearson et al. (2009) looked at changes in emotion processing from early (12 

weeks of GA) to late pregnancy (37 weeks of GA) in healthy women and found that late 

gestation was associated with an enhanced ability to encode emotional expressions 

suggesting threat or harm (negative emotions in general) compared with early gestation. 

Since the current study included pregnant women with an average gestation of 17.9 weeks 

(mid pregnancy) this may partly explain why the pregnant women did not differ 

significantly from non-pregnant women on intensity ratings for the negative images 

especially.   

Individuals with a previous history of MDD and individuals without history of 

MDD did not differ on intensity ratings for the three valence categories of images. We 

would expect to find a difference in intensity ratings for the neutral images between these 

two groups based on the literature that shows that depressed individuals are more likely to 

interpret neutral stimuli as negative and healthy individuals to interpret neutral stimuli as 

positive. Gollan, Pane, McCloskey, and Coccaro (2008) examined differences in affective 
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information processing between healthy and currently depressed individuals using a facial 

recognition task and found that depression was related to interpreting neutral facial 

expressions as negative (i.e., sad) whereas healthy participants were more likely to 

interpret neutral facial expressions as positive (i.e., happy). Based on Gollan et al.’s 

(2008) findings one would expect these differences in the perception of neutral images to 

affect the emotional intensity ratings for these images. One could also expect these two 

groups to differ on intensity ratings for the negative images, based on cognitive biases 

observed in MDD (i.e., “distorted information processing or attentional allocation toward 

negative stimuli”) (Murrough et al., 2011, p. 553). Beck’s “cognitive triad”, which is part 

of his cognitive theory of depression, posit that cognitive schemas direct attention and 

memory towards negative thoughts about the self, the world and the future in individuals 

suffering from depression (Beck, 2008; Beck, Rush, Shaw, & Emery, 1978). These 

negative biases in cognitive processing gives rise to depressive symptoms and manifest in 

the form of thoughts and emotions. Since individuals with depression often show a 

persistent pattern of negative thinking, it would be expected that they would approach this 

task by selectively attending to the negative images because this negative pattern of 

thinking is hard wired. 

We also found that a between-subjects factors (i.e., pregnancy status and MDD 

history) interaction on intensity ratings for the emotional images (negative, positive), but 

not the neutral images. In pregnant women, having a previous history of MDD was 

associated with higher intensity ratings for negative and positive images. This suggests 

that pregnancy during the 2
nd

 trimester enhances emotional reactivity to negative and 
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positive images only in those women with a history of MDD. It is conceivable that in 

addition to having a previous history of depression, the state of pregnancy may add a 

significant evolutionary component. It is advantageous for pregnant women to be 

selectively attentive to negative stimuli that may signify threat or harm to the survival of 

her unborn child. It is beneficial for her to be hypervigilant to this type of stimuli in her 

environment in order to better protect her offspring. However, it is surprising that 

pregnant women with no history of depression would be less reactive to the positive 

images. It may be that more energy/attention/resources are needed to selectively attend to 

the negative as opposed to the positive images (which do not pose any real or potential 

threat) in favour of the negative images which pose as the greatest threat to survival for 

her and her unborn child. In non-pregnant women, history of MDD was associated with 

lower intensity ratings for the emotional image categories (negative, positive). This 

finding is not what you would expect based on the literature on the well-established 

cognitive bias of negative content in individuals with depression. One would expect 

women with a history of MDD to rate the negative images as more emotionally intense 

than the positive images.  

We also found that pregnant and non-pregnant women did not differ in memory 

performance for negative and positive images. Most studies that have investigated 

memory performance during pregnancy have showed increased memory complaints in 

pregnant women in the 3
rd

 trimester of pregnancy with only two studies to date 

investigating whether cognitive functioning is altered in the 2
nd

 trimester of pregnancy 

(Keenan et al., 1998; Sharp et al., 1993). The current study measured emotional memory 
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in the 2
nd

 trimester of pregnancy in pregnant women with or without a previous history of 

MDD, which has not been previously studied. Our finding suggests that pregnancy does 

not negatively affect emotional memory as commonly reported by pregnant women 

during the 3
rd

 trimester because recognition performance for the negative images was not 

worse, if anything, it was slightly enhanced in pregnant compared to non-pregnant 

women (although not significant). This finding is supported by past research that has 

shown that recognition performance is actually enhanced during pregnancy (Mickes et al., 

2009; Pearson et al., 2009). However, this was found only in late third trimester whereas 

the pregnant women in the current study were in the second trimester.  Our results may 

not have reached significance due to a number of reasons including low sample size, low 

statistical power, or the lack of inclusion of women during the third trimester. 

In contrast to the findings in individuals with depression who display a memory 

bias for negative images and our primary hypothesis, women with a previous history of 

MDD displayed poorer memory performance for the negative images compared to 

women with no previous history of MDD, while the two groups did not differ in memory 

performance for the positive images. Therefore, having a history of MDD lead to 

decreased memory recall of negative images compared to not having a history. Although 

participants with a previous history of MDD had been euthymic for at least 3 months 

prior to study participation, we still expected to find that these individuals would 

remember more negative compared to positive images based on evidence that even when 

not currently depressed or in full remission from depression, memory for negative content 

still exists (Abela, Stolow, Zhang, & McWhinnie, 2010). Abela et al. (2010) looked at the 
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extent to which negative cognitive style was associated with having a previous history of 

depression in currently euthymic university students. These researchers used self-report 

questionnaires and a clinical interview to determine participants’ current depressive 

symptoms and negative cognitive style, negative core beliefs, and current and past history 

of MDEs. Their hypothesis that negative cognitive style would be strongly associated 

with having a previous history of depression after controlling for current depressive 

symptoms was supported. This finding suggests that the pattern of negative thinking and 

emotions that is characteristic of clinical depression is still present in individuals who are 

not currently depressed. Possible reasons for this intriguing finding in the current study 

may be that the previously depressed individuals had learned effective cognitive coping 

strategies since they were all currently euthymic. For the pregnant previously depressed 

individuals, it may be that they had taken the necessary precautions to prevent a relapse in 

their depression during pregnancy. Since the majority of these women were recruited 

from a midwifery clinic, where low-risk pregnant women with a high socioeconomic 

status are typically seen, it may be that these women were highly educated on the effects 

of untreated depression on children’s risk of impaired cognitive and emotional abilities 

and on perinatal mood disorders in general (Hubner-Liebermann, Hausner, & Wittmann, 

2012).  

 We found that intensity ratings for positive and negative images during the first 

study session did not subsequently predict memory performance for negative images 

during the second session one week later. This finding suggests that the mechanism by 

which individuals react to emotional stimuli is not related to emotional memory of these 
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stimuli and that these may be different phenomena altogether. Based on the literature one 

would expect that if you are more reactive to an emotional stimulus you should have 

better memory for that stimulus, particularly when that stimulus is negatively-valenced.  

 

Since it is well established in the literature that cortisol has a diurnal variation 

(Segal & Cahill, 2009), changes in cortisol concentration relative to this circadian rhythm 

may relate to emotional enhancement (LaBar & Cabeza, 2006) depending on the time of 

the day. We correlated time of day and cortisol levels measured at baseline, time of day 

and total salivary-free cortisol secretion (AUCG), and total salivary-free cortisol secretion 

(AUCG) and weeks of GA (where applicable). See Figures 3a-j for a line graph of these 

results. Interestingly, cortisol levels measured at baseline were negatively correlated with 

time of day in the pregnant and non-pregnant healthy groups, but not in pregnant and non-

pregnant groups with MDD history. Similarly, total salivary-free cortisol secretion 

(AUCG) was negatively correlated with time of day in pregnant and non-pregnant healthy 

groups, but not in pregnant and non-pregnant groups with MDD history. Moreover, total 

salivary-free cortisol secretion (AUCG) and weeks of GA were strongly correlated in 

pregnant healthy women, but not in pregnant women with previous history of MDD. 

These findings have replicated previous literature showing that healthy individuals show 

a diurnal pattern of cortisol secretion such that there is a gradual decline of cortisol 

throughout the day (i.e., cortisol levels are highest in the early morning and lowest in the 

evening), whereas depressed individuals show a disruption in this diurnal rhythm in 

cortisol (Sachar, Hellman, Rofwarg, Halpern, Fukushima, & Gallagher, 1973). With 
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respect to the differences found in cortisol response between pregnant healthy and 

pregnant individuals with MDD history, no studies have previously studied or reported 

this. Most studies have examined the changes in salivary cortisol with advancing 

gestation in healthy pregnant women and have shown the expected diurnal decline in 

salivary cortisol across the day (Kivlighan, DiPietro, Costigan, & Laudenslager, 2008), 

but not in pregnant women with a history of MDD. In the current study, it appears that 

having a history of MDD washes out the correlation between baseline cortisol and area 

under the cortisol curve (AUCG) with time of day and weeks of GA. The reported results 

therefore need to be replicated in future studies to allow firm conclusions to be drawn. In 

the linear regression model, area under the cortisol curve (AUCG) did not predict memory 

performance for negative images. Similarly, area under the alpha-amylase curve (AUCG) 

did not significantly predict memory performance. These findings are contrary to 

previous studies showing that elevated cortisol levels during memory encoding positively 

and selectively correlate with memory for emotional content (Buchanan & Lovallo, 2001; 

Segal & Cahill, 2009). However, MDD history explained 13% of variance in memory 

performance for the negative stimuli. This confirms the previously reported two-way 

ANOVA finding that MDD history significantly predicted poorer memory for negative 

images.  

 We have found from the pilot follow-up study data that 6 (14.3%) women met 

criteria for a MDE, while 36 (85.7%) women did not. These numbers are in accordance 

with the 7-15% prevalence of PPD in the general population. Both pregnant groups 

scored higher on the EPDS in postpartum than during pregnancy. This may be due to the 
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new transition into motherhood (e.g., breastfeeding, early awakening of the infant 

therefore lack of sleep for the mother, lack of energy, low mood due to the natural drastic 

drop in progesterone and estrogen following birth, etc.). The pregnant with history of 

MDD group had significantly higher EPDS scores than the pregnant without history of 

MDD group during pregnancy (12-22 weeks) and in postpartum (8-12 weeks). Those 

with previous history of MDD were more likely to meet criteria for postpartum 

depression according to the SCID-I/P.  

 Several limitations must be considered when interpreting the results from our 

study. First, a large number of pregnant participants in the study (i.e., 34 women 

comprising 51% of the total sample size) were recruited from a community midwives 

clinic. Women who choose midwifery care may be qualitatively different than women 

who choose other forms of prenatal care such as obstetric care, leading to a more 

homogenous sample. One group was younger and, therefore, had less years of education 

compared to the other 3 groups. Because of this, age and total number of years of 

education were included as covariates in all statistical models to control for this. Second, 

non-pregnant participants verbally reported having regular menstrual cycles and being in 

the follicular phase of their cycle at time of study participation. The study did not measure 

hormone levels to confirm this, which may be a potential confounding variable as 

previous studies have shown that emotional information is better recalled during the high-

hormone luteal phase, with higher levels of progesterone subsequently predicting and 

mediating this enhanced emotional memory (Ertman, Andreano, & Cahill, 2011). 

However, it is unlikely that participants would blatantly give an inaccurate report of when 
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the first day of their last menstrual period was, for example, to choose a more desirable 

study date, as the experimenter was very flexible in terms of allowing participants to 

choose the dates that were the most convenient for them to take part in the study. 

Therefore, not confirming menstrual cycle phase by objectively measures is unlikely to 

have affected memory recall overall. Third, participants were asked to refrain from 

caffeine, alcohol, and cardiovascular exercise at least 24 hours prior to saliva collection in 

order to control for outside influences that may affect baseline salivary alpha-amylase 

levels. This information was ascertained by self-report and was not corroborated by 

objective measures. However, since it is recommended by health professionals to abstain 

from caffeine and alcohol intake during pregnancy, it is less likely that pregnant women 

in the current study consumed these and therefore unlikely that this would have affected 

baseline salivary alpha-amylase levels. Forth, it is possible that there may have been a 

priming effect for select pictures shown during the practice task since these pictures were 

shown in both the practice and ERT. This priming may result in facilitation in emotional 

memory performance due to previous exposure. Finally, Hamilton and Gotlib (2008) 

analyzed data using emotional contrast values to estimate effect size in their sample size 

of 26 individuals and found a 0.25 difference in positive and negative emotional 

sensitivity between healthy control and depressed groups. Due to the current study having 

only 77 participants completed at the time this manuscript was prepared, there were not 

enough participants in each group to achieve 80 percent power based on their results. 

Thirty participants per group were needed to reach this percentage of power to 

statistically compare differences between groups based on their results. Therefore, some 
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statistical tests had low power due to the number of covariates that were controlled for in 

the model, which may have understated the true effect size for some of the results.  

 

A future direction may be to use a longitudinal experimental design where you 

look at pre- and post-pregnancy measures of emotional memory. This will allow you to 

compare emotional memory before, during, and after pregnancy to see how the state of 

being pregnant affects emotional memory. Most studies that have investigated the impact 

of pregnancy on emotional memory have used a post hoc experimental design in that they 

compared memory in women who were already pregnant to when they were no longer 

pregnant or like the present study, assessed memory solely during pregnancy. This study 

design will surely be more causal in objectively determining whether/how pregnancy 

affects emotional memory. Future studies should also explore the possibility that having 

an emotional memory bias for emotionally negative images may be a cognitive marker of 

PPD in women with history of MDD. This cognitive marker may be present before the 

symptoms of depression develop. Therefore, emotional memory tasks may be useful as a 

preventative tool to screen and allow for early identification of PPD.  Additionally, 

salivary cortisol and alpha-amylase levels may serve as a reliable biological marker to 

diagnose or predict PPD in longitudinal experimental designs with larger sample sizes 

than the current study. Identifying biomarkers for psychiatric disorder is an area of heavy 

research in psychiatry (Frank & Hargreaves, 2003). In the context of PPD, elevated 

placental corticotropin-releasing hormone (pCRH) as a potential biomarker of those at 

risk for perinatal or puerperal depression has been an area of recent interest. Three 
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longitudinal studies have looked at the use of pCRH as a possible biomarker and found 

opposing results regarding the association between elevated pCRH levels and risk for 

prenatal and PPD (Meltzer-Brody, Stuebe, Dole, Savitz, Rubinow, & Thorp, 2011; Rich-

Edwards, Mohllajee, Kleinman, Hacker, Majzoub, Wright, & Gillman, 2008; Yim, 

Glynn, Dunkel Schetter, Hobel, Chicz-DeMet, & Sandman, 2009). Therefore, a reliable 

biological marker of risk for PPD in pregnant women has not yet been identified. Clearly, 

more work needs to be done in this understudied area.  

 

Another future direction is to use neuroimaging techniques and emotionally 

valenced stimuli to help characterize the neuroanatomical abnormalities associated with 

dysregulated emotion in postpartum since the etiology of PPD remains unclear. Currently, 

PPD is classified as a specifier of a MDD in the DSM-5 (American Psychiatric 

Association, 2013). However, this continues to be questioned. There is evidence to 

suggest that there is differential amygdala activation in postpartum compared to non-

postpartum (unipolar) depression. Silverman, Loudon, Liu, Mauro, Leiter, & Goldstein 

(2011) used fMRI to assess the neural processing of negative emotion in women with no 

lifetime history of depression 6-8 weeks postpartum. These researchers found a negative 

correlation between the lack of postpartum depressive symptoms as measured by the 

EPDS and increased right amygdala activation. There was less responsivity of the right 

amygdala in response to threatening vs. neutral stimuli in the women who developed 

PPD. In contrast, there was enhanced responsivity in women with non-postpartum 

depression. The finding that women with PPD have a blunted affect to negative stimuli 
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compared to new mothers without PPD who are instead hypersensitive to negative stimuli 

provides insight into the potentially different neurophysiologic mechanisms responsible 

for depression in the postpartum period. This should be further explored in future studies 

in this area. 

In conclusion, the objective of this study was to compare emotional memory in 

pregnant women considered to be high risk for PPD (those with previous depressive 

episodes) with pregnant women considered at low risk (those with no lifetime 

depression). Our results showed that pregnant women with a history of MDD did not 

exhibit enhanced memory for negative images compared to pregnant women without 

history. Rather, pregnant women with history of MDD displayed decreased memory for 

negative images. It appears that having a history of MDD predicted poorer memory 

performance for negative images. Area under the cortisol and alpha-amylase curve 

(AUCG) was not associated with memory performance for negative images in pregnant 

women with history of MDD. These findings are contrary to previous studies in healthy 

controls showing that elevated cortisol levels during memory encoding positively and 

selectively correlate with memory for emotional content. Future directions include using 

pre- and post-pregnancy measures of emotional memory, finding a reliable biological 

marker of risk for PPD, and using neuroimaging techniques and emotionally valenced 

stimuli to help characterize the neuroanatomical abnormalities associated with 

dysregulated emotion in postpartum to help clarify the etiology of PPD. 
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Table 1 

Demographic and Clinical Characteristics of Participant Groups 

                             Group 

Variable     

 

 Pregnant & 

Previous 

MDD 

Non-pregnant 

Previous 

MDD 

  Pregnant 

  Healthy 

Non-pregnant     P value 

Healthy 

Age, years 31  4.4 27  7.6   29  4.2 

 

23  6.9            .000*** 
ab

                                 

Education, 

years 
17.3  3.5 16.4  3.5   16.9  3.1 13.5  2.7           .006** 

a  
                      .003** 

b 
                                                       

Gestational 

age, weeks 
18.4  2.9 N/A 17.6  2.5 N/A                     .94 

Number of 

MDEs 
2.9  5.0 2.8  4.0 N/A N/A                     .83 

MADRS 3.4  2.7 4.1  4.3 2.45  1.9 2.0  2.4              .12 

STAI, state 

score 

 

STAI, trait 

score         

 

27.8  5.5 

 

 

35.3  6.3 

32.7  7.6 

 

 

38.3  9.2 

25.1  3.2 

 

 

30.5  3.4 

27.7  5.1           .000*** 
c
 

                          .04* 
d
 

                

32.8  6.2            .001** 
c
 

 

PSQI Global 

score 
4.4  2.8 5.7  3.7 4.6  2.2 4.2  1.9              .41 

IQ score, 

WASI 

 

 

114.6  7.4 

 

 

109.9  16.1 

 

 

111.2  11.6 

 

 

107.7 13.7         .40 

                                 

  

Note. Mean  SD. 

          MADRS, Montgomery-Asberg Depression Rating Scale. 

          STAI, State-Trait Anxiety Inventory. 
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           PSQI, Pittsburgh Sleep Quality Index.  

          WASI, Wechsler Adult Intelligence Scale. 

         *. The mean difference is significant at the 0.05 level. 

         **. The mean difference is significant at the 0.01 level. 

         ***. The mean difference is significant at the 0.001 level. 

         
a
 Difference is significant between pregnant with previous history of MDD and     

           non-pregnant healthy groups 

         
b
 Difference is significant between pregnant healthy and non-pregnant healthy  

           groups 

         
c
 Difference is significant between pregnant healthy and non-pregnant with previous  

            history of MDD 

         
d
 Difference is significant between non-pregnant with previous history of MDD    

           and non-pregnant healthy groups 
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Table 2 

Depressive Symptoms as Assessed by EPDS during Pregnancy (N=44) and at Postpartum 

(N=30) in Pregnant Groups 

                     Group 

 

 

Note. Mean  SD. 

          EPDS, Edinburgh Postnatal Depression Scale. 

        *. The mean difference is significant at the 0.05 level. 

         ᵃ. 12-22 weeks of gestational age (n=30 healthy pregnant; n=14 pregnant with   

            MDD history) 

         ᵇ. 8-12 weeks. (n=9 pregnant with MDD history; n=23 healthy pregnant)  

 

 

 

Variable      

                                    Pregnant &    

 Previous  

 MDD 

  

   Pregnant 

   Healthy    

   

   P value 

 

EPDS during 

pregnancyᵃ 
 

 5.0  2.67     2.56  2.13     .02* 

EPDS at 

postpartumᵇ 

 

 5.67  1.94     3.35  2.77    .03* 
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Figure 1. a) Mean intensity ratings for each emotional valence category within participant 

groups 
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Figure 1. b) Mean intensity ratings for each valence category between pregnant (N=44) 

and non-pregnant (N=33) groups 
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Figure 1. c) Mean intensity ratings for each valence category between previous history of 

MDD (N=27) and no previous history of MDD (N=50) groups 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

1

2

3

4

5

6

7

Negative Neutral Positive

In
te

n
si

ty
 R

a
ti

n
g

 

Valence 

Emotional Reactivity and MDD History 

Previous

MDD

No Previous

MDD



M.Sc. Thesis – M. Williams; McMaster University – Neuroscience          66 
 

Figure 2. a) Mean normalized memory sensitivity indexes (d’) for emotional valence 

categories across participant groups 
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Figure 2. b) Mean normalized memory sensitivity scores for emotional valence categories 

across pregnant (N=44) and non-pregnant (N=33) participant groups 
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Figure 2. c) Mean normalized memory sensitivity scores for emotional valence categories 

across participants with (N=27) and without (N=50) history of MDD  

 

*. The mean difference is significant at the 0.05 level. 
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Figure 3. a) Total salivary-free cortisol secretion (AUCG) at baseline (time -1) in pregnant 

women with history of MDD (n=14)  
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Figure 3. b) Area under the cortisol curve (AUCG) for pregnant women with history of 

MDD 
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Figure 3. c) Area under the cortisol curve (AUCG) for pregnant women with history of 

MDD at age of gestation 
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Figure 3. d) Total salivary-free cortisol secretion (AUCG) at baseline (time -1) in non-

pregnant women with history of MDD (n=12)  
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Figure 3. e) Area under the cortisol curve (AUCG) for non-pregnant women with MDD 

history 
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Figure 3. f) Total salivary-free cortisol secretion (AUCG) at baseline (time -1) in pregnant 

healthy women (n=28)  
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Figure 3. g) Area under the cortisol curve (AUCG) for pregnant healthy women 
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Figure 3. h) Area under the cortisol curve (AUCG) for pregnant healthy women at age of 

gestation 
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Figure 3. i) Total salivary-free cortisol secretion (AUCG) at baseline (time -1) in non-

pregnant healthy women (n=20) 
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Figure 3. j) Area under the cortisol curve (AUCG) for non-pregnant healthy women 
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Appendix A: Edinburgh Postnatal Depression Scale (EPDS)
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Appendix B:  

Montgomery-Asberg Depression Rating Scale (MADRS)
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Appendix C: 

State-Trait Anxiety Inventory (STAI) 

 

Subject #: ____________       Date: _____________ 

STAI 

Instructions: A number of statements which people have used to describe themselves are 

given below. Read each statement and then circle the appropriate number to indicate how 

you feel right now, that is, at this moment. There are no right or wrong answers. Do not 

spend too much time on any one statement, but give the answer which seems to describe 

your present feelings best.  

 

  Not at all        Somewhat               Moderately so     Very much so 

         1              2                                               3                 4 

 

1. I feel calm.            1     2     3     4 

2. I feel secure.                        1     2     3     4 

3. I am tense.            1     2     3     4 

4. I am regretful.           1     2     3     4 

5. I feel at ease.                        1     2     3     4 

6. I feel upset.            1     2     3     4 

7. I am presently worrying over possible misfortunes.                   1     2     3     4 

8. I feel rested.            1     2     3     4  

9. I feel anxious.                       1     2     3     4 

10. I feel comfortable.                        1     2     3     4  

11. I feel self-confident.                       1     2     3     4  

12. I feel nervous.           1     2     3     4 

13. I am jittery.                                    1     2     3     4 

14. I feel “high strung”.                       1     2     3     4 

15. I am relaxed.           1     2     3     4 

16. I feel content.            1     2     3     4 
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17. I am worried.                       1     2     3     4 

18. I feel over-excited and “rattled”.         1     2     3     4  

19. I feel joyful.                        1     2     3     4 

20. I feel pleasant.            1     2     3     4 

21. I feel pleasant.                        1     2     3     4 

22. I tire quickly.                                   1     2     3     4 

23. I feel like crying.                       1     2     3     4 

24. I wish I could be as happy as others seem to be.                   1     2     3     4 

25. I am losing out on things because I can’t make up my mind soon enough.    1     2     3     4 

26. I feel rested.                                                1     2     3     4 

27. I am “calm, cool, and collected”.         1     2     3     4 

28. I feel that difficulties are piling up so that I cannot overcome them.                 1     2     3     4 

29. I worry too much over something that really doesn’t matter.      1     2     3     4 

30. I am happy.            1     2     3     4 

31. I am inclined to take things hard.                     1     2     3     4 

32. I lack self-confidence.          1     2     3     4 

33. I feel secure.            1     2     3     4 

34. I try to avoid facing a crisis or difficulty.         1     2     3     4 

35. I feel blue.                        1     2     3     4 

36. I am content.                       1     2     3     4 

37. Some unimportant thought runs through my mind and bothers me.     1     2     3     4 

38. I take disappointments so keenly that I can’t put them out of my mind.               1     2     3     4 

39. I am a steady person.          1     2     3     4 

40. I get in a state of tension or turmoil as I think over my recent 

      concerns and interests.          1     2     3     4 
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Appendix D: 

Postpartum Depression Predictors Inventory-Revised (PDPI-R) 
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Appendix E: 

Pittsburgh Sleep Quality Index (PSQI) 
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Appendix F: 

Emotional Task Instructions 

Instructions for emotional reactivity task (ERT): 

 

In this task, you will see a series of 144 images. This task will last for about 45 minutes. 

You will first be shown a picture for 3 seconds. You will first see a fixation cross before 

each picture that you are to focus on. Please view the image for the entire time it is on the 

screen. A screen will appear after each picture asking you to rate its emotional intensity. 

The scale ranges from 1- not emotional at all, to 7- extremely emotional. You can choose 

the rating by pressing the number 1 key to move the scale closer to 1 (not emotional at 

all), and by pressing the number 2 key to move the scale closer to 7 (extremely 

emotional). Please try to use the entire scale when making your ratings. Stop when the 

number you choose appears at the bottom of the screen. You will have 7 seconds before 

the next picture will appear. 

 

Instructions for the emotional memory task (EMT): 

 

In this test you will see a series of 216 images. Some of these images are those you saw 

last week, others are not. You will first see a fixation cross before each picture that you 

are to focus on. Please view the image for the entire time it is on the screen. A screen will 

appear after each picture asking you to indicate if you have seen the picture previously. 

For each picture, press the number 1 key if you have not seen the picture before. Press the 
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number 2 key if you think the picture is familiar but you are not sure you saw it last week. 

Press the number 3 key if you remember you have seen the picture before. 

 

1. I have not seen this picture before. 

2. It looks familiar, but I am not sure. 

3. I remember I have seen this picture before. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


