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Abstract

Although a number of studies have reported that children of depressed, compared to nondepressed,
parents exhibit biased attention to sad facial stimuli, the direction of this bias remains unclear;
some studies find evidence of preferential attention towards sad faces whereas others find evidence
of attention avoidance. In the current study, we used event-related potentials (ERPSs) to assess
children’s attention to emotional stimuli using a spatial cueing task. We found that children of
depressed mothers generally exhibited less attention to sad facial stimuli than children of
nondepressed mothers. Across all indices of attention bias (N2pc and SPCN time locked to face
onset, P3b time locked to probe onset, reaction times to probes), children of mothers with a history
of major depressive disorder (MDD) during the child’s life exhibited less attention to sad faces
than children of never depressed mothers. For two of these indices (SPCN and reaction times), the
attention biases for the offspring of depressed mothers was not specific to sadness and was
observed for all emotional expressions. Group differences in the ERP indices was maintained
when controlling for the influence of mothers’ and children’s current symptoms of depression and
anxiety, mothers’ history of anxiety disorders, and children’s history of MDD and anxiety
disorders, suggesting that the results are specific to mothers’ history of MDD.

Scientific Summary

Although there is growing evidence that children of depressed mothers exhibit attentional biases
for sad faces, the direction of this bias is unclear. The current study examined ERP indices of
biased attention within the context of a spatial cueing task and showed that children of depressed,
compared to never depressed, mothers exhibit attentional avoidance of sad faces.
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Decades of research have documented the increased risk of depression in children of
depressed mothers (for reviews, see Goodman, 2007; Gotlib & Colich, 2014). Yet, the
specific mechanisms that place these children at risk remain poorly understood. Theorists
(e.g., Goodman, 2007; Goodman & Gotlib, 1999) have proposed that information-
processing biases featured in cognitive models of depression may represent a final common
pathway of risk for various genetic and environmental influences on the intergenerational
transmission of depression. According to cognitive models of depression (e.g., Clark, Beck,
& Alford, 1999; Disner, Beevers, Haigh, & Beck, 2011), individuals’ characteristic ways of
attending to, interpreting, and remembering stimuli may contribute to the development and
maintenance of depression. According to these models, depressed and at-risk individuals
should exhibit preferential attention toward depression-relevant stimuli (e.g., sad faces). This
attentional bias is hypothesized to be specific to depression-relevant stimuli rather than other
types of stimuli (e.g., threat-relevant). This attentional bias is also hypothesized to be
manifest as an increase in sustained attention toward, and/or difficulty disengaging attention
from, depression-relevant stimuli (e.g., sad faces), rather than a bias in initial orienting of
attention. These hypotheses have been supported through various studies of adults and
adolescents using both reaction time and eye tracking measures of attentional bias (see
Armstrong & Olatunji, 2012; Hankin, Gibb, Abela, & Flory, 2010; Joormann & Arditte,
2014).

To date, however, only three studies have examined attentional biases in school-aged
children of depressed mothers. Each has found evidence of attentional biases specifically for
sad facial expressions in children of depressed, compared to never depressed, mothers.
However, the direction of this bias differed across the studies. Specifically, whereas two of
the studies (Joormann, Talbot, & Gotlib, 2007; Kujawa et al., 2011) observed preferential
attention toward sad faces in children of mothers with a history of major depressive disorder
(MDD), the other study (Gibb, Benas, Grassia, & McGeary, 2009) found evidence of
attentional avoidance of sad facial stimuli. Although the former findings are consistent with
the adult literature, the latter finding is more consistent with what is observed in the infant
literature in which there is clear evidence that infants of depressed mothers spend less time
looking at their mothers’ faces than do infants of nondepressed mothers (Boyd, Zayas, &
McKee, 2006; Diego et al., 2004; Field, 1984, 1995). Indeed, this attentional avoidance of
sad faces has been proposed as an emotion regulation strategy among children of depressed
mothers (Bistricky, Ingram, & Atchley, 2011; Termine & lzard, 1988), consistent with
current emotion regulation models of attentional allocation (Gross, 2014), though it does not
appear sufficient for preventing these children from becoming depressed themselves (Gibb et
al., 2009; Harrison & Gibb, 2015).

There are a number of potential reasons for these mixed findings across studies. One
difference across studies is that a mood induction was used in the two studies that found
evidence of preferential attention toward sad faces in children of depressed mothers
(Joormann et al., 2007; Kujawa et al., 2011), but not in the studies that found evidence of
attentional avoidance (Boyd et al., 2006; Field, 1995; Gibb et al., 2009). This said, there is
evidence that higher levels of depression in children are associated with greater attentional
avoidance of sad faces (Gibb et al., 2009; Harrison & Gibb, 2015), suggesting that the
presence of a sad mood may not account for differences across studies. A second possibility
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is that the effects are moderated by child sex, with preferential attention to sad faces being
observed in daughters depressed mothers (Joormann et al., 2007; Kujawa et al., 2011) but
not sons (Gibb et al., 2009; Kujawa et al., 2011). Finally, a third possibility is
methodological: the differences in findings across studies may due, in part, to the method
used to assess attentional biases.

Specifically, each of the three studies described above (Gibb et al., 2009; Joormann et al.,
2007; Kujawa et al., 2011) used a modified dot probe task (MacLeod, Mathews, & Tata,
1986) in which attentional biases are inferred from reaction times to the appearance of a
probe. In this task, pairs of facial expressions containing one emotional (sad, happy, or
angry) and one neutral photograph from the same actor are presented briefly on a computer
screen. After the faces disappear, a probe appears in the location of one of the faces.
Preferential attention for emotional faces (e.g., sad versus neutral) is inferred when
participants’ reaction times to the probe are faster when the probe appears in the location of
the emotional face than in the location of the neutral face. This reasoning is predicated on
the assumption that reaction times to the probe will be faster if one’s attention is already
allocated to that side of the computer screen. This paradigm has been used successfully in
countless studies in cognitive and clinical psychology (for a review, see Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & van 1Jzendoorn, 2007). However, recent research has
raised questions about the reliability of reaction time indices of attentional bias (see Gibb,
McGeary, & Beevers, 2016). Specifically, reaction time indices of attentional bias exhibit
poor split-half and retest reliability (Brown et al., 2014; Kappenman, Farrens, Luck, &
Proudfit, 2014; Kappenman, MacNamara, & Proudfit, 2015; Price et al., 2015; Schmukle,
2005; Staugaard, 2009; Waechter et al., 2014), which can increase risk for Type | and Type
Il errors. Another limitation of this approach is that, at best, it provides only a snhap shot of
attentional processes — where attention was allocated at the precise moment the probe
appeared (e.g., 1000ms after stimulus onset). However, attention is a multi-faceted construct
that can be decomposed into a number of distinct processes including involuntary capture of
attention by a salient stimulus, voluntary shift of attention toward a stimulus, disengagement
of attention, and inhibition of return to a recently-attended location.

To address these limitations, we used event related potentials (ERPS) to index attentional
bias in a spatial cueing task (Posner, 1980). We chose this task rather the dot probe because
depression is hypothesized to be specifically associated with biases in sustained attention
and difficulty disengaging attention (Disner et al., 2011; Gotlib & Joormann, 2010;
Joormann & Arditte, 2014) and Posner’s task captures initial orienting versus disengagement
of attention from a cued location. Because this task uses only a single cue (e.g., emotional
face) presented on each trial, researchers have suggested that it may provide a better
assessment of attentional disengagement than the dot probe task in which two stimuli are
presented simultaneously (Fox, Russo, Bowles, & Dutton, 2001; Rossignol, Philippot,
Bissot, Rigoulot, & Campanella, 2012). For the Posner spatial cueing task, an emotional face
(cue) is presented on either the left or right side of a computer screen for a given amount of
time (e.g., 1000 ms). After the face disappears, a probe (target) appears on either the same
side of the screen or on the opposite side of the screen. In this paradigm, the face is
considered to be a valid predictor of the location of the probe if the probe appears on the
same side of the screen as the face and an invalid predictor if the probe appears on the
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opposite side of the screen as the face. This design allowed us to examine ERP components
time-locked to the onset of the face or to the probe.

To assess initial allocation of attention to the presentation of faces, we focused on the N2pc,
which is an early emerging ERP component (~125-225 ms after stimulus onset) consisting
of a larger negativity over occipito-parietal sites in the hemisphere contralateral to the
attended stimulus (Luck, 2012; Woodman & Luck, 1999). To assess sustained attention to
the presentation of the faces, we focused on the sustained posterior contralateral negativity
(SPCN), which emerges approximately 400 ms after stimulus onset, is maximal at occipito-
parietal sites in the hemisphere contralateral to the attended stimulus, and is thought to
reflect the maintenance of information in visual short-term memory (Jolicceur, Brisson, &
Robitaille, 2008; Jolicceur, Sessa, Dell’ Acqua, & Robitaille, 2006; Robitaille & Jolicceur,
2006). Although no study to our knowledge has yet examined the N2pc or SPCN in
children, a number of studies have focused on these components in studies of attentional
biases to emotional stimuli in adults (e.g., Eimer, Eimer, Kiss, & Kiss, 2007; Feldmann-
Wastefeld, Schmidt-Daffy, & Schubd, 2011; Holmes et al., 2009; Kappenman et al., 2014;
2015; Pourtois & Vuilleumier, 2006).

In addition to examining ERP indices time-locked to the onset of the face, we also examined
the P3b ERP component time-locked to the onset of the probe, which provides an index of
disengagement of attention from the emotional face (i.e., cognitive resources required to
shift attention from the location of the emotional face to the location of the probe). The P3b
is maximal at parietal sites along the midline (i.e., Pz) approximately 300 ms after stimulus
onset. In a typical oddball paradigm, the P3b is larger for rare stimuli than for frequent
stimuli (Polich, 2012). Within the context of the Posner spatial cueing task, where rare or
“invalid” trials are those in which the probe appears on the opposite side of the screen as the
emotional face (~20% of trials), the P3b is larger for invalidly-cued than validly-cued
probes. A larger P3b to the probe is thought to reflect greater cognitive resources required to
disengage from a previously attended location of the cue (Fichtenholtz, Hopfinger, Graham,
Detwiler, & LaBar, 2007; Hugdahl & Nordby, 1994; Pollak & Tolley-Schell, 2003;
Stormark, Nordby, & Hugdahl, 1995; Wright, Geffen, & Geffen, 1995). Importantly, this
design also allows an examination of differences in attentional disengagement across
emotional stimuli. For example, using a Posner spatial cueing task, Pollak and Tolley-Schell
(2003) found that children with a history of physical abuse exhibit a larger P3b to invalidly-
cued probes following angry, but not happy, faces suggesting greater difficulty disengaging
from angry faces in these children. To date, however, no studies have examined the P3b as
an index of attentional bias in children of depressed mothers.

Based on traditional cognitive models of depression (Clark et al., 1999; Disner et al., 2011)
and the findings of two earlier studies of attentional biases in children of depressed mothers
(Joormann et al., 2007; Kujawa et al., 2011), one would expect that children of depressed
mothers would exhibit preferential attention toward sad facial stimuli. However, based on
our earlier findings in children of depressed mothers (Gibb et al., 2009), as well as findings
from the infant literature (Boyd et al., 2006; Diego et al., 2004; Field, 1984; 1995), we
predicted that children of mothers with a history of depression would exhibit attentional
avoidance of sad faces. Consistent with cognitive models, we predicted that this bias would
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be specific to sad faces and would not be observed for angry or happy faces, and would be
limited to indices of sustained attention and attentional disengagement, not the initial
orienting of attention. Specifically, we predicted that although children of mothers with a
history of MDD during the child’s life, compared to children of never depressed mothers,
would not differ in the initial allocation of attention (N2pc), they would exhibit less
sustained attention to (SPCN), and difficulty disengaging from (P3b), sad faces

We followed these primary analyses with a series of additional analyses to examine the
specificity and robustness of the findings. First, consistent with the hypothesis that
attentional biases may be trait-like markers of risk in children of depressed mothers rather
than simply correlates of mothers’ current depression, we predicted that the findings would
be maintained even after statistically controlling for the influence of current depression in
mothers. Second, consistent with the hypothesis that these attentional biases are linked
specifically to mothers’ history of depression, we predicted that the relations would be
maintained when statistically controlling for the influence of mothers’ history of anxiety
disorders and current symptoms of anxiety. Finally, we predicted that the link between
maternal MDD history and children’s attentional biases would be maintained even after
statistically controlling for the influence of children’s current symptoms of depression and
anxiety and their past histories of depressive or anxiety disorders, suggesting that the biases
are not simply correlates or consequences of children’s own depression or anxiety.

Participants in the present study were 133 mother-child dyads recruited for a study
examining the intergenerational transmission of depression.! To qualify for the study,
mothers were required to either meet criteria for MDD during the child’s lifetime according
to the Diagnostic and Statistical Manual of Mental Disorders — Fourth Edition (DSM-1V;
American Psychiatric Association, 1994) (7= 69) or have no lifetime diagnosis of any
DSM-IV mood disorder and no current Axis | diagnosis (7= 64). Exclusion criteria for both
groups included the presence of psychosis, a history of alcohol or substance dependence
within the last six months, or lifetime history of bipolar disorder. The average age of
children in our sample was 12.59 years (SD = 1.92, Range = 9-17) and 54% were male. In
terms of race/ethnicity, 86% were Caucasian, 9% were biracial, 4% were African American,
and the remaining 1% were from other racial/ethnic groups. Descriptive statistics for the
groups are presented in Table 1.

We used the Structured Clinical Interview for DSM-IV Axis | Disorders (SCID-I; First,
Spitzer, Gibbon, & Williams, 1995) and the Schedule for Affective Disorders and
Schizophrenia for School-Age Children — Present and Lifetime Version (K-SADS-PL;
Kaufman et al., 1997) to assess for current and past DSM-IV Axis | disorders in mothers and
children, respectively. Separate interviewers administered the SCID-I and K-SADS-PL. For

1\We should note that this is a different sample than that reported in Gibb et al. (2009).
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the K-SADS-PL, the same interviewer conducted the interview with mothers and children
separately. Women were coded as having a history of MDD during the child’s lifetime (7=
69) or having no lifetime history of any mood disorder (n7=63). Two of the mothers met
criteria for current MDD at the time of the assessment. Of the children, 12 met criteria for
lifetime MDD (11 of whom had a mother with a history of MDD), with none of the children
meeting criteria for a current depressive disorder. Inter-rater reliability was assessed for a
subset of 20 SCID and 20 K-SADS interviews and reliability for diagnoses of MDD was
excellent (all xs = 1.00).

We used the Beck’s Depressive Inventory-I1 (BDI-II; Beck, Steer, & Brown, 1996) and the
Children’s Depression Inventory (CDI; Kovacs, 1981) to assess mothers’” and children’s
current levels of depressive symptoms, respectively. We used the Beck Anxiety Inventory
(BAI; Beck, Epstein, Brown, & Steer, 1988) and the Multidimensional Anxiety Scale for
Children (MASC; March, Parker, Sullivan, Stallings, & Conners, 1997) to assess mothers’
and children’s current levels of anxiety, respectively. Each of these measures have
demonstrated excellent reliability and validity in previous research (e.g., Beck et al., 1988;
1996; March et al., 1997; March & Sullivan, 1999; Smucker, Craighead, Craighead, &
Green, 1986) and they all exhibited good internal consistency in this study (BDI-II: a = .92,
CDI: a = .88, BAIl: a = .89, MASC: a = .92). In addition, we used a visual analogue scale
(\VAS) to assess children’s levels of sadness and anxiety just prior to completing the
attentional bias task. To assess current levels of sadness, children were presented with a 100
mm line anchored on the left side by “very happy” and on the right side by “very sad” and,
for anxiety, the anchors were “very calm” and “very anxious.”Children were asked to
indicate their current mood by placing a mark on the line between the two anchors for each
scale. Levels of current sadness and anxiety were calculated by measuring the distance from
the left end of the scale to the point marked by the child.

We used a spatial cueing task (cf. Posner, 1980) administered using E-Prime (Psychological
Software Tools, Pittsburgh, PA) to assess children’s attentional biases for facial displays of
emotion. Each trial started with a fixation cross presented in the middle of the screen for
500ms. Next, children saw one of 48 grey-scaled facial expression of emotion (angry, happy,
sad, or neutral), which were cropped so that only the faces were visible (i.e., no hair or
clothing). The facial stimuli were presented on either the left or right side of the computer
screen drawn from a standardized stimulus set (Ekman & Friesen, 1976).The facial
expression remained on the screen for 1000ms after which it disappeared and a probe (*)
appeared in either the same location as the face (valid trials, 79%) or the opposite side of the
screen (invalid trials, 21%). Participants were asked to indicate the location of the probe by
pressing one of two buttons on a game controller. The inter-trial interval randomly varied
between 750ms and 1250ms. Trials with response errors were excluded (1.87%) as were
trials with response times less than 150 ms or greater than 1500 ms (3.43%) from both
behavioral and ERP analyses.

During the task, continuous EEG was recorded using a custom cap and the BioSemi
ActiveTwo system (Amsterdam, Netherlands). The EEG was digitized at 24-bit resolution
with a sampling rate of 512 Hz. Recordings were taken from 34 scalp electrodes based on
the 10/20 system. The electrooculogram was recorded from four facial electrodes. Off-line
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analysis was performed using the Matlab extension, EEGLAB (Delorme & Makeig, 2004)
and the EEGLAB plug-in, ERPLAB (Lopez-Calderon & Luck, 2014). All data were re-
referenced to the average of the left and right mastoid electrodes and band-pass filtered from
0.1 Hz to 30 Hz. EEG data were processed using both artifact rejection and correction. First,
large and stereotypical ocular components were identified and removed using independent
component analysis (ICA) scalp maps (e.g. eye blinks project mainly from frontal regions)
(Jung et al., 2000). Artifact detection and rejection was then conducted on epoched
uncorrected data files to identify and remove trials containing blinks and large eye
movements within 200ms of stimulus presentation. Epochs with large artifacts (greater than
100uV) were excluded from analysis. Seven subjects were excluded from the analyses for
exceeding the artifact rejection threshold (50% of trials). Of these subjects, 4 were from the
MDD group and 3 were from the no MDD group. Excluded subjects did not differ
significantly from included subjects on any clinical or demographic variables, including
mother MDD history (lowest p=.14). For the 133 subjects included in the analyses, the
number of included trials did not differ significantly between the mother MDD (M = 759.49,
SD=126.07) and no MDD (M= 786.30, SD = 116.63) groups, #129) = -1.27, p=.21,
leffect size = —-11. The interval from —200 ms to 0 ms served as the baseline for ERPs. For
ERPs elicited by the facial cues, we focused on the N2pc, which reflects initial orienting of
attention, and the SPCN, which reflects sustained attention. Both components are maximal
at occipito-parietal sites contralateral to the side of the screen to which the participant is
attending. Therefore, we focused on average activity at the following electrode sites
calculated to reflect contralateral and ipsilateral activity separately: P3/P4, P7/P8, PO3/PO4,
PO7/P0O8, and 01/02. The N2pc was maximal at these sites 125-225 ms following face
onset and SPCN was maximal over these sites 425-1000 ms after face onset. Finally, we
examined P3b amplitudes in response to probe onset. As noted above, the P3 is larger for
probes presented to invalidly-cued than to validly-cued locations and likely reflects the
amount of cognitive resources required to disengage from previously attended locations
(Fichtenholtz et al., 2007; Hugdahl & Nordby, 1994; Pollak &Tolley-Schell, 2003; Stormark
etal., 1995; Wright et al., 1995). We calculated P3b as the average activity at Pz between
250-575 ms after probe onset, separately for valid and invalid trials for each emotion type.
Descriptive statistics and Guttman split-half reliability values for each ERP component are
presented in Table 2. Given the increased emphasis being placed on evaluating the reliability
of attentional bias measures, Table 2 also includes six-month retest reliability data (M 6.14
months, SD = 1.01), which were available for 61 of the children.

Finally, consistent with previous research in this area (e.g., Clasen, Wells, Ellis, & Beevers,
2013; Mogg, Holmes, Garner, & Bradley, 2008), we also calculated reaction time (RT)
attentional bias scores for each emotion type (sad, happy, angry) using the following
formula:

attentional bias = (mean RT to invalid emotional cues — mean RT to valid
emotional cues) — (mean RT to invalid neutral cues — mean RT to valid neutral
cues)

Positive bias scores represent preferential attention toward the emotional faces, whereas
negative scores indicate attentional avoidance of the emotional faces. Descriptive and
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reliability statistics for these estimates are presented in Table 2. Consistent with previous
research that has raised concerns about reliability of reaction time indices of attention bias,
the Guttman split-half reliability for each of the bias scores in this sample was negative and
the retest stability was minimal and, in one case, negative.

Potential participants were recruited from the community through a variety of means (e.g.,
television, newspaper and bus ads, flyers). Mothers responding to the recruitment
advertisements were initially screened over the phone to determine potential eligibility.
Upon arrival at the laboratory, women were asked to provide informed consent and children
were asked to provide assent to be in the study. Next, the child completed the spatial cueing
task while the mother was administered the K-SADS-PL by a trained interviewer. After
completing the K-SADS-PL with the mother, the same interviewer then administered the K-
SADS-PL to the child. While the child was administered the K-SADS-PL, the mother was
administered the SCID-I by a separate interviewer. Families were compensated a total of $50
and children received a $10 store gift card for their participation in the study.

Focusing first on the ERP indices elicited by the presentation of the facial stimuli, we
predicted that, although children of mothers with and without a history of MDD would not
differ significantly in their initial allocation of attention (N2pc), they would differ in
sustained attention (SPCN), to facial displays of sadness but not anger or happiness.
Specifically, we predicted that children of depressed mothers would exhibit smaller (less
negative) SPCNSs to sad faces than children of never depressed mothers. To test these
hypotheses, we conducted two separate 2 (Mother MDD history: yes, no) x 3 (Emotion:
angry, happy, sad) x 2 (Laterality: contralateral, ipsilateral) repeated measures ANOVAS
with the amplitude of either N2pc or SPCN serving as the dependent variable. For N2pc
magnitude, there were significant Mother MDD x Laterality, A1, 131) = 3.80, p= .05, npz
= .03, Emotion x Laterality, A2, 262) = 13.83, p< .001, 1,7 = .10, and Mother MDD x
Emotion x Laterality, A1, 262) = 2.97, p= .03, T]p2: .03, interactions. None of the other
main or interactive effects was significant (lowest p = .06). Examining the form of the
Mother MDD x Emotion x Laterality interaction, the Mother MDD x Laterality interaction
was examined separately for each emotion type. The interaction was significant for the N2pc
elicited by the presentation of sad faces, A1, 131) = 7.04, p=.009, an: .05, but not angry,
A1, 131) = 150, p= .22, ;= .01, or happy, A1, 131) = 1.31, p= .25, 0,7 = .01, faces. To
explore the nature of the significant interaction with Laterality for sad faces, we created a
contralateral minus ipsilateral difference wave (Holmes et al., 2009; Luck, 2005), for which
more negative numbers reflect greater neural reactivity to the presentation of the face. The
main effect of Mother MDD on the N2pc difference score was significant, A1, 131) = 7.04,
p=.009, an: .05, with children of depressed mothers exhibiting a smaller N2pc to sad
faces (see Figure 1).

For SPCN magnitude, there was a significant main effect Laterality, A1, 131) = 201.71, p<.
001, 1,7 = .61, as well as significant Emotion x Laterality, A1, 262) = 7.02, p=.001, n,° = .
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05, and Mother MDD x Laterality, A1, 262) = 5.57, p=.02, npzz .04, interactions. The
Mother MDD x Emotion x Laterality interaction was not significant, A1, 262) = 1.46, p=.
23, npz =.01. To explore the nature of the significant interactions with Laterality, we created
a contralateral minus ipsilateral difference waves for each emotion, for which more negative
numbers reflect greater sustained attention. The main effect of Emotion on this SPCN
difference score was significant, A2, 262) = 7.02, p=.001, an: .05, and post hoc tests
revealed that children exhibited greater sustained attention to happy faces (M =-1.59, SE=.
11) than to angry (M= -1.35, SE= .12, p=.01) and sad (M= -1.24, SE= .10, p=.001)
faces, with the latter two not differing significantly (p = .22), which may simply reflect the
fact that positively-valenced stimuli (happy faces) were more rare and therefore more salient
than negatively-valenced stimuli (angry and sad faces). The main effect of Mother MDD on
the SPCN difference score was also significant, A1, 129) =5.57, p=.02, np2: .04, with
children of depressed mothers exhibiting less sustained attention to all facial displays of
emotion than children of never depressed mothers (see Figure 2).

Next, for analyses of ERPs elicited by presentation of the probe, we predicted that children
of depressed, compared to never depressed, mothers would exhibit smaller P3b amplitudes
to invalidly-cued probes following sad faces but not angry or happy faces. To test this
hypothesis, we examined the magnitude of the P3b component elicited by the presentation of
the probe using a 2 (Mother MDD history: yes, no) x 3 (Emotion: angry, happy, sad) x 2
(Cue Location: left, right) x 2 (Cue Validity: valid, invalid) repeated measures ANOVA. In
this analysis, there was a significant main effect of Cue Validity, A1, 131) = 233.30, <.
001, npzz .64, with children exhibiting larger a P3b for invalidly-cued probes (i.e., probes
appearing on the opposite side of the screen as the face; M= 9.41, SE = 0.44) than for
validly-cued probes (i.e., probes appearing on the same side of the screen as the face; M=
5.58, SE = 0.33). There was also a significant main effect of Emotion, A2, 262) = 3.56, p=".
03, np2: .03, with children exhibiting larger a P3b for probes following sad faces (M=
7.86, SE=0.37) than for probes following angry (M= 7.37, SE=0.39) or happy (M= 7.26,
SE = 0.42) faces (ps < .05). The magnitude of the P3b for probes following angry versus
happy faces did not differ significantly (o= .64). Finally, there was a significant Mother
MDD x Emotion x Cue Location x Cue Validity interaction, A2, 262) = 4.91, p=.008, npz
=.04. To explore the nature of this interaction, we first examined the Mother MDD x Cue
Location x Cue Validity interaction separately for each emotion type. The interaction was
significant for probes following sad faces, A1, 131) = 6.06, p=.02, an: .04, but not angry,
A1, 131) =1.49, p= .22, np2: .01, or happy, A1, 131) = 0.04, p= .84, T]p2< .001, faces.
Examining this further, the Mother MDD x Cue Validity interaction was significant for
probes following sad faces presented on the left side of the screen, A1, 131) = 12.38, p=.
001, ;7 = .09, but not the right side, A1, 131) = 0.26, p= .61, 1,7 = .002. Focusing
specifically on probes following sad faces that were presented on the left side of the screen,
we found a significant Mother MDD group difference for invalidly-cued probes, A1, 131) =
5.04, p= .03, 1,7 = .04, but not validly-cued probes, A1, 131) = 0.68, p= .41, n,° = .005.
We then created a P3b invalid minus valid difference score for probes following sad faces
presented on the left side of the screen. Using this difference score, the Mother MDD group
difference remained significant, A1, 131) = 12.38, p=.001, an: .09, indicating that
children of mothers with a history of MDD required fewer resources to disengage attention
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from the location of the sad face than did children of never depressed mothers (see Figure 3).
2

Third, we examined RT bias scores. In this analysis, there was a significant main effect of
Mother MDD, A1, 131) =3.92, p=.049, np2: .03, with children of depressed mothers
exhibiting less attention to all emotional faces (M= —6.52, SE = 4.07) than children of never
depressed mothers M =5.10, SE = 4.23). In contrast, the main effect of Emotion, A2, 262)
=0.76, p= .47, an: .006, and the Mother MDD x Emotion interaction, A2, 262) = 1.07, p
= .34, 7= .008, were both nonsignificant.

A series of follow-up analyses was then conducted to determine the specificity and
robustness of the observed effects. First, to determine if the results were due simply to the
presence of current depression in the mothers, we re-conducted all of the analyses
statistically controlling for mothers’ current depressive symptom levels (BDI-2 scores) and
each of the significant group differences was maintained (all gs < .05). Second, to determine
whether current results would still be observed in at-risk children prior to them developing
depression themselves, we re-conducted the analyses while excluding children with a
lifetime history of MDD and statistically controlling for children’s current depressive
symptom levels (CDI). Each of the mother MDD group differences was maintained (p< .05)
with the exception of the group difference in RT biases to all emotions, A1, 118) =1.47, p
=.23, an: .01. Third, to determine whether the results were at least partially independent
of mothers’ and children’s anxiety, we re-conducted the analyses statistically controlling for
mothers’ and children’s history of anxiety disorders (yes, no) and their current anxiety
symptoms (BAI and MASC). Again, each of the mother MDD group differences was
maintained (p< .05) with the exception of the group difference in RT biases to all emotions,
A1, 127) =258, p= .11, an: .02. Fourth, to determine whether the results were at least
partially independent of children’s current mood, we re-conducted the analyses statistically
controlling for children’s VAS-Sadness and VAS-Anxiety ratings and, once again, each of
the mother MDD group differences was maintained (p< .05) with the exception of the group
difference in RT biases to all emotions, A1, 127) = 3.62, p = .06, T1p2: .03. Fifth, given the
significant group differences in child age and race, we re-conducted the analyses statistically
controlling for these variables and each of the mother MDD group differences was
maintained (o< .05) with the exception of the group difference in RT biases to all emotions,
A1,127) =368, p=.06, n,°=.03.

We also conducted exploratory analyses to determine whether any of the attention indices
were associated with characteristics of mothers’ depression (i.e., recurrent vs. single episode
MDD, child age at first exposure to maternal MDD). None of these analyses was significant,
suggesting the homogeneity of the impact of maternal depression on children’s attention
biases. Finally, we conducted exploratory analyses to determine whether the relation
between mother MDD history and children’s attentional biases was moderated by any
demographic or clinical variables. Specifically, we evaluated the potential moderating role of

2Given the unexpected face location effect observed for P3b, we conducted exploratory analyses to determine if a similar effect would
be observed for N2pc or SPCN. However, none of these analyses was significant suggesting that the N2pc and SPCN effects reported
were similar in magnitude for faces presented in the left versus right visual field.
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children’s age and sex as well as their current depressive symptoms (CDI), and lifetime
histories of MDD. None of these analyses was significant.3

Discussion

The goal of this study was to examine attentional biases for emotional information in
children of mothers with a history of major depression. We predicted that children of
depressed mothers would exhibit attentional avoidance specifically of sad faces and that this
would be observed at later stages of attention (i.e., sustained attention [SPCN] and
disengagement of attention [P3b]) rather than initial orienting of attention (N2pc). Our
results partially supported these hypotheses. Specifically, children of mothers with a history
of MDD, compared to children of mothers with no depression history, exhibited less
attention to sad faces across all stages of attention including the N2pc and SPCN elicited by
face onset, the P3b time locked to probe onset, and the RT index of attentional bias. Of
these, the N2pc and P3b findings were specific to sad faces whereas the SPCN and RT
findings were general to all facial displays of emotion. With the exception of the findings for
the RT indices of attention bias, each of these results was maintained when we statistically
controlled for the influence of mothers’ and children’s current depressive symptoms,
children’s lifetime history of MDD, mothers and children’s current anxiety symptoms and
lifetime histories of anxiety disorders, and children’s state levels of sad and anxious mood,
which is consistent with our hypothesis that the relations are due specifically to mothers’
histories of MDD and not to mothers’ anxiety or current or past depression or anxiety in the
child.

The strength and specificity of our findings appeared to track the reliability of the indices
examined with the N2pc and P3b exhibiting the strongest split-half and retest reliability
followed by the SPCN and then the RT bias scores. Indeed, the split-half reliability of the RT
bias scores was negative and the retest reliability was near zero, which is consistent with
prior research that has raised questions about the psychometric properties of RT indices of
attentional bias (Brown et al., 2014; Kappenman et al., 2014; 2015; Price et al., 2015;
Schmukle, 2005; Staugaard, 2009; Waechter et al., 2014). These findings highlight the need
for studies to report the reliability of their measures, which is common practice for
questionnaire-based studies but is much less common in behavioral, ERP, eye-tracking, and
fMRI studies. Because reliability places an upper limit on validity, establishing the reliability
of one’s measures is essential to move the field forward. This can clearly be seen in our
results as the findings for the RT indices of attention bias did not survive any of the tests of
robustness whereas each of the ERP indices did.

The current results are consistent with recent eye tracking studies of depression in children
(e.g., Harrison & Gibb, 2014) as well as a broader body of research in infants (e.g. Bistricky
etal., 2011; Boyd et al., 2006; Field, 1995; Termine & lzard, 1988) in suggesting that
depressed and at-risk children may exhibit attentional avoidance of, rather than preferential
attention toward, sad faces. In infants, avoidance of sad faces has been suggested as an
emotion regulation strategy, which is consistent with models of emotion regulation in which

3Details of these analyses can be obtained from the fist author.
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attentional deployment is highlighted as one of the first emotion regulation strategies to
emerge in children (e.g., Gross, 2014). In combination, these findings suggest that cognitive
models of depression may need to be modified to account for developmental changes in the
nature and/or function of attentional biases. Specifically, given the consistent findings of
sustained attention toward depression-relevant information in adults (for reviews, see
Armstrong & Olatunji, 2012; Joormann & Arditte, 2014), it may be that, at some point in the
development of the person or progression of the disease, depressed individuals lose the
ability to disengage their attention from sad stimuli and begin showing the characteristic
pattern of attentional bias observed in depressed adults. How this transition unfolds is an
important area of future research.

An unexpected finding from this study was the mother MDD group difference in children’s
N2pc to sad faces. N2pc is an early emerging ERP component that reflects early attentional
allocation to lateralized stimuli (Luck, 2012). We should note, however, that there is some
evidence that stimulus competition (stimuli presented simultaneously in the left and right
visual fields) is needed to generate an N2pc (Luck & Hillyard, 1994). Because of this, it is
possible that our findings reflect differences in a more general N2 component. Either way,
the current results suggest that differences in attentional allocation to sad faces in children of
depressed versus nondepressed mothers occur at the earliest stages of attention. In contrast,
theorists have proposed that attentional biases in depressed and at-risk individuals should be
limited to later stages of attention (i.e., sustained attention or disengagement of attention;
Disner et al., 2011; Gotlib & Joormann, 2010; Joormann & Arditte, 2014) and there is little
evidence for early attention biases in depression from behavioral (eye tracking or reaction
time) studies (for reviews, see Armstrong & Olatunji, 2012; Gibb et al., 2016). Although
conclusions must remain tentative pending replication, the current results suggest that
children of depressed mothers may also exhibit biases in early attention, but these
differences may be limited to covert rather than overt shifts in attention.

We should also note that our P3b findings were specific to trials in which the sad face
appeared on the left side of the screen. Although unexpected, this finding is consistent with
research showing preferential attention to stimuli in the left compared to right visual field
(Foulsham, Gray, Nasiopoulos, & Kingstone, 2013; Nuthmann & Matthias, 2014; Williams,
Grealy, Kelly, Henderson, & Butler, 2016). It is also consistent with research suggesting
asymmetry in neural activity associated with depression and the intergenerational
transmission of depression risk (for reviews, see Goldstein & Klein, 2014; Jacobs, Ort,
Gowins, & Forbes, 2015; Levin, Heller, Mohanty, Herrington, & Miller, 2007), which may
differentially impact attention to stimuli presented in the left versus right visual fields.
However, because this is the first study to suggest this type lateralization of attention bias in
children of depressed mothers, we are hesitant draw firm conclusions about its possible
significance. This said, future research should explicitly test this type of lateralization effect.

Despite the strengths of this study, important questions remain. First, although our finding of
reduced attention to sad faces in children of depressed mothers is consistent with emotion
regulation models that highlight shifts in attentional allocation as an early-emerging emotion
regulation strategy (Gross, 2014), we did not actually measure changes in affect or arousal
as a function of shifts in attention. Therefore, future research is needed to evaluate the
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potential emotion regulation role of attentional allocation in at-risk children. This said, we
do know from previous analyses in our sample that children of depressed mothers exhibit
heightened cognitive-affective reactivity specifically to the presentation of sad faces, but not
other facial displays of emotion, in the form of increased pupil dilation (Burkhouse, Siegle,
& Gibb, 2014), and that, among children of depressed mothers, greater pupil dilation to sad
faces predicts a shorter time to depression onset during a 2-year follow-up (Burkhouse,
Siegle, Woody, Kudinova, & Gibb, 2015). Therefore, we have some evidence that children
of depressed mothers are more physiologically reactive to sad faces; however, future
research is needed to determine if averting one’s gaze from these faces reduces this
reactivity. Second, although our results are consistent with the findings of Gibb et al. (2009)
and with the broader infant literature (Bistricky et al., 2011; Boyd et al., 2006; Field, 1995;
Termine & lzard, 1988), they contradict those of two additional studies of children of
depressed mothers both of which found evidence of preferential attention toward sad faces in
these children (Joormann et al., 2007; Kujawa et al., 2011). As noted in our introduction,
there are two key differences between our study and previous research. One key difference is
that we utilized ERP indices of attentional allocation whereas previous research utilized
reaction time indices. As noted above, there is growing concern about the reliability of
reaction time indices of attention bias (for a review, see Gibb et al., 2016), a concern that is
supported by the current findings. In addition, even in the presence of good reliability,
reaction time indices provide only a snapshot of attentional allocation (i.e., where attention
was allocated at the time of probe presentation) and do not allow one to examine dynamic
changes in attention over the course of a trial. Another key difference between our studies
and those of Joormann et al. (2007) and Kujawa et al. (2011) is that those studies included a
negative mood induction prior to assessing attentional biases whereas we did not. It is
possible that the direction of attentional bias exhibited in at-risk children varies as a function
of current depressive mood. This said, our findings were maintained when we statistically
controlled for children’s current levels of depression (sad mood and CDI scores) and
children’s depressive symptom levels did not significantly moderate any of the relations
examined. However, to provide a more conclusive test of the impact of a negative mood
induction, research is needed in which attentional biases in at-risk children are assessed
before and after a negative mood induction. Finally, we should also note that Kujawa et al.
(2011) only found evidence for preferential attention to sad faces in daughters, but not sons,
of mothers with a history of MDD and Joormann et al. (2007) only studied daughters.
Although it is possible that daughters and sons exhibit different reactions to maternal
depression, we found no evidence in the current study or in our earlier study (Gibb et al.,
2009) that any of the relations were moderated by children’s sex.

In conclusion, the current results add to a growing body of research suggesting that the
attentional biases exhibited by children of depressed mothers may be characterized by
attentional avoidance of sad faces rather than preferential attention toward, or difficulty
disengaging attention from, sad faces (see also Boyd et al., 2006; Field, 1995; Gibb et al.,
2009). This pattern of findings has been interpreted in the context of models of emotion
regulation (e.g., Gross, 2014) in which shifts in attentional deployment are recognized as
one of the earliest developing methods of emotion regulation. To the extent that the
attentional biases exhibited among at-risk children and currently depressed children

J Abnorm Psychol. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gibb et al.

Page 14

(Harrison & Gibb, 2015) differ from those observed in depressed adults, it suggests
important developmental changes in the nature and function of a person’s habitual patterns
of attentional allocation to emotional stimuli. These developmental changes are not currently
addressed in cognitive models of depression, which are largely based on research conducted
with adults. As with many forms of psychopathology, however, a simple downward
extension of the literature may not be adequate to fully explain patterns of adaptation and
maladaptation in children. Future research is needed, therefore, to determine the specific
points of convergence and divergence between findings in children, adolescents, and adults
so that a more complete understanding of depression risk may be obtained.
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Figurel.
Top Panel: Grand averaged ERP waveforms time locked to face onset for sad faces presented

separately by mother MDD group for contralateral and ipsilateral electrode sites. Bottom
Panel: Grand averaged ERP waveforms time locked to face onset for sad faces presented
separately by mother MDD group for the contralateral minus ipsilateral difference wave.
The highlighted region shows the measurement windows for the N2pc (125-225ms).
Waveforms are averaged across electrode pairs (P3/P4, P7/P8, PO3/PO4, PO7/P0O8, 01/02).
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Figure 2.

Top Panel: Grand averaged ERP waveforms time locked to face onset averaged across all
emotional faces (angry, happy, and sad) presented separately by mother MDD group for
contralateral and ipsilateral electrode sites. Bottom Panel: Grand averaged ERP waveforms
time locked to face onset averaged across all emotional faces (angry, happy, and sad)
presented separately by mother MDD group for the contralateral minus ipsilateral difference
wave. The highlighted region shows the measurement windows for the SPCN (425-
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1000ms). Waveforms are averaged across electrode pairs (P3/P4, P7/P8, PO3/PO4, PO7/
P08, 01/02).
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Figure 3.
Top Panel: Grand averaged ERP waveforms time locked to probe onset for trials in which

sad faces were on the left side of the screen presented separately by mother MDD group for
validly and invalidly-cued probes. The highlighted region shows the measurement window
for the P3b (250-575ms). Bottom Panel: Topographic scalp map for the P3b ERP
component time locked to probe onset for trials in which sad faces were on the left side of
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the screen presented separately by mother MDD group for the invalid minus valid difference
wave. Waveforms and maps are averaged for the Pz electrode.
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Table 1

Demographic and clinical characteristics of the sample

MDD Never depressed  reffect sze
mothers mothers

Child Age 12.94 (2.04) 12.20 (1.70) 19%
Child Sex (% Girls) 42% 50% -.08
Child Race (% Caucasian) 7% 95% —26*"
Mother Lifetime Anxiety Disorder 37% 5% 39%*
Child Lifetime MDD 16% 2% o5**
Child Lifetime Anxiety Disorder 22% 8% 2%
BDI-II 7.28 (8.49) 3.06 (5.11) 30
BAI 7.63 (7.55) 2.08 (3.12) 6™
cDI 3.54 (5.14) 2.15 (4.21) 18%
MASC 27.26(20.08)  19.91 (18.66) 197+
VAS-Sadness 2452 (13.37)  21.82 (15.47) .09
VAS-Anxiety 27.98 (22.41) 28.19 (22.57) -.01

Page 24

Note. MDD = Major depressive disorder. BDI-1I = Beck Depression Inventory-11. BAS = Beck Anxiety Inventory. CDI = Children’s Depression

Inventory. MASC = Multidimensional Anxiety Scale for Children. VAS = Visual Analogue Scale.

*
p<.05.

p<.0L
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Descriptive statistics and reliability data for the ERP and reaction time indices.

Table 2

MDD Never depressed ~ Split-half Retest
mothers mothers reliability  reliability
N2pc
Angry contralateral 2.48 (3.63) 1.58 (3.31) .92 .58
Angry ipsilateral 2.79 (3.29) 2.33 (2.75) .89 .55
Happy contralateral 2.38(3.41) 1.41 (2.99) .89 .69
Happy ipsilateral 2.65 (3.34) 2.11 (2.74) .88 .54
Sad contralateral 2.72 (3.21) 1.35(2.92) .89 .78
Sad ipsilateral 1.93 (2.69) 1.72 (2.28) .84 .33
SPCN
Angry contralateral 0.24 (5.04) -0.25 (3.16) .58 .35
Angry ipsilateral 1.40 (4.73) 1.30 (2.97) .51 .20
Happy contralateral -0.39 (4.65) -0.60 (2.62) .50 .32
Happy ipsilateral 1.03 (4.60) 1.17 (2.69) 47 25
Sad contralateral -0.02 (3.12) -0.52 (2.69) 31 42
Sad ipsilateral 0.89 (3.18) 1.05 (2.82) .33 .27
P3b
Angry frequent 5.30 (3.80) 5.15 (4.37) 82 49
Angry rare 9.62 (6.15) 9.33 (5.54) .58 48
Happy frequent 5.42 (3.97) 5.75 (4.25) .80 .60
Happy rare 9.00 (5.79) 8.79 (6.33) .69 .36
Sad frequent 5.83 (3.67) 6.03 (4.40) 71 .60
Sad rare 8.99 (4.62) 10.54 (5.71) .50 .62
RT bias scores
Angry -10.10 (45.19) 4.91 (34.45) -.04 03
Happy ~1.05 (43.90) 451 (39.10) -36 -.06
Sad -8.41 (47.81) 5.89 (35.14) -.05 .05
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