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ABSTRACT

While depression affects a significant number of women during pregnancy and the postpartum period, few women
seek out clinical services. Prenatal depression predicts depression postpartum, and is associated with detrimental
consequences for the developing child. Therefore, prenatal and postpartum depression has a two-generation impact
on health and well-being. Novel approaches are needed to identify and treat women vulnerable to depression,
recognizing the unique demands of motherhood that may impede access to diagnostic and treatment services. Recent
research has emphasized the importance of biased attentional processing in increasing risk for depressive episodes.
Importantly, this work has led to the development of cognitive training interventions that modify attention biases
and improve depressive symptoms. This attention bias modification training (ABMT) approach is feasible, flexible,
and effective in reducing depression symptoms. Web-based implementations of these trainings have shown great
promise in depression treatment and prevention. ABMT has yet to be used during pregnancy or postpartum but may

hold great promise for depression treatment and prevention while allowing for flexibility in implementation.
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The Role of Attentional Bias in Prenatal and Postpartum Depression

Despite increasing attempts to screen depression during pregnancy and the postpartum period, incidence
rates remain high. In the United States, approximately 12% of women report depression symptoms during their
pregnancy[1, 2]. Incidents of prenatal depression are higher than rates of postpartum depression, with depression
during the first year postpartum likely reflecting the progression of depression during pregnancy [3]. Even when
engaged with clinic staff, a significant number of women with depression remain undiagnosed [4], and even when
depression symptoms are characterized, few women seek out clinical services [5]. As well as impacting mothers,
depression during pregnancy is associated with a host of negative outcomes for the developing child, including
preterm delivery [6], miscarriage and low birth weight [7], and cognitive, affective, and behavioral disruptions
across development [8-10].

Depression clearly impacts two generations and necessitates access to clinical services for pregnant and
postpartum women. However, the uncertainty surrounding the use of antidepressants during pregnancy and their
impact on the developing child precludes many women from seeking medication [11]. Further, while cognitive
behavioral therapy (CBT) has been shown to be effective in the treatment of depression [12, 13], the demands of
pregnancy and caring for a newborn postpartum may also prevent women from seeking regular treatment at
outpatient clinics. Therefore, novel approaches are needed to identify and treat women vulnerable to depression,
recognizing the unique demands of pregnancy and motherhood that may otherwise impede access to diagnostic and
treatment services. The focus of this review is to consider the suitability of attention bias modification training
(ABMT) as a therapeutic tool for women with depression during pregnancy and the postpartum period. As will be
discussed, existing empirical research has documented that biased attentional processing of negative stimuli
increases the risk for depressive episodes in non-parents, which has led to the development of cognitive training
interventions that modify attention biases and improve depressive symptoms. The advancement of this work is to
address the associations between attentional processing of infant cues and depression symptoms, which may link
maternal depression to poorer child outcomes postpartum. ABMT can be implemented remotely through web-based
and smartphone applications, therefore allowing for the first-time an easily accessible treatment and prevention
approach for prenatal and postpartum women that could be completed at home without the burden of engaging in

outpatient clinical services.

Attention and the Transition to Motherhood

The transition to motherhood is accompanied by significant psychological and neurophysiological re-
organization thought to facilitate the onset of caregiving [14]. Many women report compromised cognitive
functions, including with attentional processes, during pregnancy and the postpartum period. Despite these self-
reported deficits, objective measures of cognitive functioning have not yielded reliable and replicable differences
between pregnant, postpartum, and control participants [15-17]. However, it is worth noting that women
experiencing complicated and high-risk pregnancies may have more compromised attentional processes than women
experiencing a low-risk pregnancy [18]. Importantly, the complexity of pregnancy may represent a proxy for other

risk factors, and further research is needed.
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These past investigations of attentional and cognitive functions during pregnancy and the postpartum
period have typically incorporated standard neuropsychological assessments, failing to take into consideration the
increasing salience of caregiving cues and their potential importance to adaptive functioning in the transition to
motherhood. During pregnancy and the postpartum period, mothers (and fathers) become increasingly preoccupied
with their developing child [19, 20], which is thought to promote sensitivity at behavioral and brain levels during
caregiving interactions [21]. Therefore, investigation of changes in attentional processes during pregnancy and the
postpartum period, specifically within the context of cues of motherhood, may provide a greater mechanistic
understanding of compromised caregiving postpartum and novel directions for intervention approaches [22].

As will be reviewed here, studies have begun to examine whether infant emotional faces represent a
motivationally-relevant category of visual stimuli that modulate attentional processes. Lorenz [23] hypothesized that
the physical characteristics of infant faces may attract caregivers, promoting nurturing care. Activation in the
nucleus accumbens, a brain region important to reward processing and approach motivation, increases with
parametric enhancement of these infant face characteristics in non-parents [24]. While viewing infant faces,
increased activity is observed in numerous brain regions implicated in appetitive motivation in parents [25].
Therefore, infant faces may be sufficiently salient to attract and hold attention both in parents and non-parents.
However, when experimental tasks are specifically employed to manipulate attentional processes (versus passive
viewing of infant stimuli), mothers evidence greater attentional capture by infant faces than non-mothers, with no
between-group differences observed when employing adult faces [26, 27]. This apparent motivated attention
towards infant cues may be mediated by reward neural circuitry and the oxytocinergic system — both systems that

are honed by the transition to parenthood rendering infant cues especially salient in mothers [28].

Attentional Bias and Depression

Attentional bias encompasses the rapid allocation and delayed disengagement of attention to salient visual
stimuli. A breadth of research has evidenced attentional bias toward motivationally- and emotionally-relevant
stimuli, including emotional faces as well as phylogenetic threats such as snakes and spiders [29, 30]. Attentional
bias has adaptive value in prioritizing the processing of affective and other salient, i.e. threat-relevant stimuli,
thereby facilitating detection of danger in the environment and helping the organism to respond effectively.
Attentional biases in the processing of threat-related or depression-relevant material, however, have also been
assigned a prominent role in the etiology and maintenance of depression and anxiety disorders [31-35]. Several
authors have suggested that the attentional system in depression and anxiety is distinctly sensitive to, and biased in
favor of, disorder-relevant stimuli in the environment. Reviews of the empirical literature further suggests that
whereas anxiety disorders are associated with an early detection of and orientation towards threat-related material
[36], depression is mostly associated with difficulties disengaging attention from negative stimuli [30, 37].
Critically, studies not only show an association of attention biases with current anxiety and depressive disorders but
also show evidence of biased processing in high-risk samples [38]. In a recent longitudinal study Disner et al. [35]
reported that attentional biases in depression predicted symptom worsening over time. These findings suggest that

attentional biases are not just a symptom of depression but may indeed play a causal role in increasing risk for the
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first onset of depressive disorders and may maintain depressive episodes over time. Examining attention biases
during pregnancy and the postpartum period may help identify an important risk factor for the onset and
maintenance of depression and anxiety during these important periods of life. Attentional processing of infant cues
may therefore provide a particularly critical area of inquiry given that it may also clarify the link between maternal

depression, caregiving responses, and poorer child outcomes.

Attentional Bias, Depression, and Pregnancy

Only a handful of behavioral studies have begun to examine attentional bias towards infant affective cues
during pregnancy and the postpartum period. Importantly, many studies have examined variation in attentional
biases amongst different infant facial expressions; specifically comparing reaction times in tasks containing distress,
happy, and neutral infant faces. Given that infants expressing distress provide the most salient signal that caregiving
is needed, these studies hypothesize a greater attentional bias towards infant distress as compared to infant non-
distress faces. Consistent with this hypothesis, Pearson and colleagues [39] evidenced that women in their third
trimester of pregnancy were slower to disengage their attention to distress infant faces as compared to non-distress
(i.e., happy or neutral) infant faces. Moreover, greater attentional bias toward infant distress measured in pregnancy
was associated with higher levels of self-reported bonding postpartum. Attentional biases toward infant distress has
also been reported earlier in pregnancy: Non-depressed women in their first trimester of pregnancy also evidence an
attentional bias to infant distress as compared to non-distress faces [40]. In the context of pregnancy and postpartum,
attentional bias towards infant distress seems adaptive and may be central to the formation of mother-child
relationship [39].

Depression symptoms may modulate attentional processing of infant affective cues. For instance, the
attentional bias toward infant distress faces observed in non-depressed pregnant women early in their pregnancy was
not observed in depressed women [40]. Another approach that has examined the potential impact of depression on
attentional processing of infant faces has examined the P300 event-related potential (ERP) component elicited by
infant faces [41]. More salient stimuli, including infant faces, are associated with a greater P300 responses, which is
thought to reflect heightened allocation of attention to salient visual stimuli [42, 43]. A study of women in their third
trimester of pregnancy evidenced that higher levels of self-reported depression symptoms were associated with a
decreased P300 response to infant distress faces — with only weak associations reported between depression
symptoms and the P300 elicited by neutral or happy infant faces [44]. These initial behavioral and ERP results
suggest that depression may blunt reactivity to infant distress cues during pregnancy — perhaps by decreasing their
salience and engagement of attentional resources.

Although initial research suggests that attentional bias to infant distress faces may be compromised by
depression, this association is not consistently reported. In an independent sample of women assessed during their
third trimester of pregnancy, Rutherford et al. [45] did not observe the same association between the P300 elicited
by distress infant faces and self-reported levels of depression that had previously been found [44]. Furthermore, only
a weak association was reported between a behavioral measure of attentional bias to infant distress faces and

depression symptoms in a sample of recent, primiparous, women [27]. However, given few studies of attentional
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processes during pregnancy, the significant variations in paradigms, and variation in levels of depression symptoms
(from subclinical to clinical levels), further work is needed with well-replicated paradigms that have yielded reliable

associations between attentional biases to negative affect and depression symptoms in non-parent samples.

Attention bias modification training (ABMT) and depression

Given the centrality of attention biases to the etiology of depression and anxiety disorders, and the
importance of the attentional processing of infant cues for detrimental effects of maternal depression on offspring,
targeting attention biases seems a critical goal for interventions. Initial research suggests that attentional processing
of infant stimuli develop during pregnancy [40, 46], and given the association between prenatal attentional bias to
infant cues and later postpartum bonding, attentional processes may be a critical aspect of maternal sensitivity [39].
It therefore seems important to establish whether attentional processing of these cues during pregnancy can be
improved. In one of the first studies to examine this question, Pearson and colleagues [47] demonstrated that
between 9 and 12 sessions of a CBT program during pregnancy improved attentional biases towards infant distress
faces in depressed women as compared to depressed women in treatment as usual. After treatment, the depressed
mothers in CBT, and a comparison group of non-depressed mothers, evidenced comparable levels of attentional
biases towards infant distress faces. Although valuable in demonstrating that therapeutic approaches targeting
depression can change attentional biases toward infant cues, CBT is limited by the need for regular visits with a
mental health professional that may pose an important barrier to treatment for women taking care of a newborn.

Recent studies on attention biases in depression and anxiety disorder, however, suggest a more time- and
cost-effective way of changing attentional processing through attention bias modification training (ABMT). ABMT
was first used in anxiety disorders and consists of a computer-based attention training protocol designed to
implicitly affect biased attentional patterns. In recent years, an extensive body of research on attentional bias
modification has accumulated (for recent reviews see [48] or [49]). A common feature of all ABMT procedures is
that they manipulate attention allocation towards or away from salient stimuli when they compete for attention with
neutral stimuli [50]. Thus, ABMT procedures can be used to decrease an existing bias that favors the processing of
disorder-related over neutral material but it can also be used to increase attentional processing of salient material
such as infant distress cues. In a recent study, ABMT was used, for example, to train attention towards healthy food
pictures and the training affected subsequent eating behavior [51]. Likewise, Field and Eastwood [52] showed that
training attention towards alcohol-related cues increased the amount of alcohol consumed in heavy social drinkers.
In a study examining pediatric anxiety disorder, Waters and colleagues [53] increased attention towards happy faces
in children with anxiety disorders and found significant reduction of anxiety symptoms in the training group. In the
context of depression, studies have shown that training attention towards positive stimuli improves mood and
decreases depressive symptoms [54, 55], further evidencing the broad reach and clinical utility of ABMT to shaping
attentional biases.

Most ABMT research has employed the dot probe task [50]. In this task, two stimuli are simultaneously
presented on both sides of a computer monitor screen. The valence of the stimuli is manipulated. Next, a neutral

probe appears at the location previously occupied by one of the two stimuli. Participants are asked to indicate as
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quickly and as accurately as possible whether the probe was on the left or right of the screen. To train attention
towards salient stimuli (such as positive pictures or infant cues), the target consistently replaces the salient stimulus
during the training phase. Although other studies have used spatial cueing tasks or visual search tasks for the
training [56, 57], the mechanism of the training is identical. Studies suggest that ABMT has considerable clinical
potential in that training efficiently leads to clinical improvement with little time investment and at minimal cost
[58]. Meta-analyses provide evidence of the effectiveness of the training (e.g., [49]) and ABM can be easily
disseminated. Indeed, web applications have been used increasingly with great initial support for the effectiveness of
this approach ([55]).

The use of ABMT has also been tested in depression. For example, Wells and Beevers [59] found that four
sessions of ABMT led to reduced attention to negative stimuli in depressed college students. Similarly, Yang et al.,
[60] found that attentional biases towards negative stimuli decreased after eight sessions of ABMT. In a recent
study, LeMoult et al. [54] found that attentional biased could be modified in a high-risk sample. Likewise, Yang et
al. [60] reported improvement in depressive and anxiety symptoms in depressed adolescents undergoing ABMT.
Interestingly, Vazquez, Blanco [61] developed a task based on eye-tracking assessment of attention biases and found
that depressed participants could be trained to disengage their attention from negative material (see also [55]).
Browning, Holmes [62] not only showed that they could reduce attentional biases in depression but also that their
training was associated with a decrease in recurrence risk. Importantly, a recent study shows that ABMT treatments
for depression can be successfully delivered via the internet [63]. An internet-based ABMT training that can be
completed at home in a flexible manner could provide a great treatment option for mothers with infants who may be
reluctant to set up weekly appointments to see a therapist or to take antidepressant medication during pregnancy or
the postpartum period if they are nursing. ABMT may also present an important adjunct to usual care speeding up
recovery and bringing more patients into remission [55]. Importantly, given the flexibility of the ABMT approach,
ABMT could be used to train attention towards increased processing of infant distress cues to target reduced
maternal sensitivity and improve parenting behavior in depressed women. At the same time, ABMT could target
improved disengagement from negative non-infant stimuli and foster engagement with positive (infant and non-

infant) stimuli to decrease overall depressive symptoms.

SUMMARY AND CONCLUSION

The studies reviewed suggest that during pregnancy and the postpartum period, women evidence a reliable
attentional bias toward infant distress cues. Concurrently, research suggests that prenatal and postpartum depression
symptoms may attenuate this attentional bias toward infant distress — although more research is needed to
understand the context under which this association is routinely reported. Nevertheless, given that attentional bias to
infant distress may predict postpartum bonding, research and intervention approaches should be geared toward
studying attentional processes in prenatal and postpartum maternal samples. Noting that many women do not engage
in services during pregnancy and the postpartum period, intervention approaches that are accessible and modify
attention biases and improve depressive symptoms are needed. ABMT can be easily administered through web-

based platforms which do not require attendance in research or clinical settings. At-home interventions may be
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especially beneficial for recent mothers given the demands associated with early caregiving and the difficulties

engaging in outpatient services during the initial months postpartum.
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