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viewed a series of picture pairs depicting negative, positive, and neutral scenes. Initial
orienting (latency and percentage of first fixation) and gaze duration were computed.
Compared with neutral pictures, the group with major depressive symptoms (MDS)
were less able to sense the positive emotion-related pictures and were over-responsive
to negative emotion-related pictures. The group with suspicious depressive symptoms
(SDS) had an attention bias toward both positive and negative emotion-related pictures.
The group with no depressive symptoms (NDS) had an attention bias toward positive
emotion-related pictures and had an initial attention avoidance tendency for negative
emotion-related pictures. The initial gaze direction bias score for negative emotion-related
pictures was positively correlated with the severity of depressive symptoms. Therefore,
women with a risk of perinatal depression have a significant bias toward negative stimuli.
Hypervigilant emotion processing during pregnancy may increase a woman’s susceptibility
to depression during late pregnancy. Attention away from negative information or attention
toward positive information may provide a way of buffering emotional responses.

Keywords: attention bias, depression, eye movement, emotional pictures, pregnancy

INTRODUCTION

Depression is common during pregnancy, with up to 70% of women reporting symptoms of
depression during pregnancy and 10-16% fulfilling the criteria for major depressive disorder (1).
Antenatal depression affects approximately 12% of women and is most prevalent in the second
and third trimesters of pregnancy (7.4% in the first trimester; 12.8% in the second trimester; and
12.0% in the third trimester) (2). Additionally, some studies have indicated that depression is most
common in the third trimester of pregnancy (3, 4). Accurate assessment and treatment are critical,
due to the negative consequences of depression, including adverse familial, maternal, and fetal
outcomes (5, 6), as well as maternal behaviors and thoughts related to suicide (7, 8). Furthermore,
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antenatal depression is the strongest predictor of postpartum
depression (PPD) (9-11), and one-third of cases of PPD are
reported to begin during pregnancy (12). It has been suggested
that screening for depression during pregnancy is necessary,
since early detection of depression during pregnancy can lead to
the prevention of postnatal depression (9). Antenatal depression
has been identified as a significant clinical issue but is a neglected
component of care for women in late pregnancy (13, 14).

Although antenatal depression has a profound impact
on maternal and fetal adverse outcomes, its risk factors and
related mechanisms have not attracted the same attention as
major depressive disorders, especially with respect to cognitive
function. According to Becks cognitive theory (15), biases in
the processing of emotional information play a crucial role
in the occurrence and maintenance of depressive symptoms.
An attention bias to negative information has been relatively
consistently reported in patients with depression and appears to
depend on the severity of the depression (16-18). Adults with
major depression exhibit more errors in visual search tasks, show
less accuracy in identifying positive emotions, and need a higher
intensity of positive emotions to detect happiness (19-21). In
addition, attentional bias of emotional stimulation has been
recognized as a key mechanism of affective disorders, especially
among patients with depression (18, 22, 23).

Data indicate that pregnant women have difficulty identifying
emotional experiences and distinguishing between emotions
and bodily sensations; this is considered a sign of alexithymia
(19, 24, 25). Further, healthy mothers in the early postpartum
stage exhibit changes in their capacity to identify visual
sensory stimuli from their surrounding environment (26),
which is thought to increase their vulnerability to depression
(alexithymia predisposes people to depression (27, 28). In turn,
depression can cause cognitive impairment (29). However, the
field has yet to characterize the extent to which depression exerts
systematic differences in affective information processing across
the perinatal phases. Research on postnatal depression suggests
that women with PPD and non-PPD are less able to recognize
happiness and fear expressions, while compared with depressed
non-partum women, those with PPD have poorer recognition
of disgust and anger expressions (30). Additionally, women with
PPD are reported to evaluate neutral baby faces as less neutral
(31) and show higher amygdala activity when viewing negative
emotional faces (32).

As for antenatal depression, studies show that depressive
symptoms in early pregnancy disrupt attentional processing
of infant emotion (33). For example, Pearson et al. used
a disengagement paradigm and found that women who
had depressive symptoms during pregnancy were faster at
identifying the vertical line when the distracting image was a
distressed (i.e., actively crying) infant face (33, 34). This was
interpreted to reflect the fact that women with depressive
symptoms during pregnancy have a diminished attentional
bias toward distressed infant faces and are less able to perceive
and respond appropriately to their infant’s emotional state
(35). Notably, this may hinder the development of maternal
sensitivity during pregnancy and disrupt mother-infant
interactions independently of PPD (36).

Furthermore, evidence from a systematic review indicated
that mothers with depression and anxiety are more likely to
identify negative emotions (i.e., sadness) and are less accurate
at identifying positive emotions (i.e., happiness) in infant faces.
Additionally, women with depression may disengage faster from
positive and negative infant emotional expressions (37). While
these studies show that women with mood disorders during
pregnancy have altered reactions to positive and negative stimuli,
most of the research has relied on facial expressions, rather than
social and nonsocial scenarios. Some of the studies have used
tasks that consist of stimuli specific to motherhood experiences,
particularly image stimuli of infant faces.

Thus, the goals of the present study were to extend previous
research in two key ways (26, 33, 34, 37-40). First, given the high
incidence of depression in late pregnancy, understanding the
pre-depressive emotion risk markers in late pregnancy is crucial;
in particular, identification of specific biases of attention would
be highly beneficial for early prevention and intervention of
PPD. This could also reduce the incidence of suicide and infant
injury behavior. Second, we used eye tracking to directly detect
attentional bias toward emotional stimuli (social or nonsocial
scenes) in the context of free-viewing tasks, which allowed us
to specifically examine potential biases in initial orienting of
attention and sustained attention to emotional picture pairs
depicting negative, positive, and neutral scenes.

Based on the theory and research reviewed above, we
hypothesized that women with antenatal depressive symptoms
would show biased attention toward negative emotional stimuli
and would show an absence of positive bias in the maintenance
of gaze indices when compared with women without antenatal
depressive symptoms. Further, we hypothesized that the severity
of depression would be related specifically to the magnitude of
the maintenance of gaze indices in attentional biases to negative
information. Given the lack of previous eye-movement studies
of antenatal depression in this area, we did not make specific
hypotheses with regard to initial and sustained attention to
negative information.

METHODS

Participants

The present study was part of a longitudinal research project on
maternal antenatal and postpartum mental health conducted
at the First Affiliated Hospital of Wenzhou Medical University
between January 2018 and January 2019. The entire study was
approved by the research ethics committee of Wenzhou Medical
University, 2018-KY043.

The following inclusion criteria were applied: (a) right-
handed; (b) between the ages of 18 and 45years; (c) pregnancy
gestation of more than 28weeks; (d) normal color vision with
naked eye or corrected vision; (e) signed the informed consent
voluntarily. The exclusion criteria were as follows: (f) no serious
pregnancy-related complications (preeclampsia, intrauterine
growth restriction, or gestational diabetes); (g) no serious medical
or neurological condition, and no substance dependence (except
caffeine) in the past year; (h) no history of severe psychiatric
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conditions (e.g., psychotic or bipolar disorders) according to the
fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) (41).

Measures

The sociodemographic information collected included age,
education, marital status, income, and subjective occupational
stress. The participants were also asked to report number
of previous pregnancies and miscarriages, whether their
current pregnancy was conceived naturally or by reproductive
technology, whether their current pregnancy was planned, and
how many biological children they wanted.

Assessment of Depressive Symptoms

EPDS

Depressive symptomatology during pregnancy was evaluated
using the Edinburgh Postnatal Depression Scale (EPDS) (42,
43), a 10-item self-rating scale covering mood, fun, self-blame,
anxiety, fear, insomnia, coping ability, sadness, crying, and self-
injury. The EPDS is a self-report questionnaire that is commonly
used (44). However, almost 70% of women exceeding the
threshold of 10 satisty the criteria for a diagnosis of depression
(12). Research shows that the EPDS screening tool has been
utilized most frequently in antenatal depression validation
studies so far (3, 45-47) and is more easy to use in busy antenatal
clinics because of its short scale items. The diagnostic thresholds
most widely used for the EPDS are 9/10 and 12/13 (48, 49).
The cutoff points of 9/10 are used as markers of possible minor
depression (49), and scores >12 are associated with a diagnosis
of major depressive disorder (42). The Chinese vision of EPDS
has good validity. If being used to screen antenatal depression in
women in the third trimester of pregnancy, the optimal critical
value was 9.5, and the sensitivity and specificity were 0.786 and
0.834, respectively (50). In this study, assignment to each group
was based on the EPDS scores. An EPDS score 213 was classified
as major depressive symptoms (MDS), a score of 10 to 12 was
classified as suspicious depressive symptoms (SDS), and an EPDS
score <9 was classified as no depressive symptoms (NDS). In the
current study, the internal consistency of the EPDS was very
good (a = 0.91). All participants were invited to participate in
clinical structural interviews. The standardized interviews were
conducted by a trained interviewer.

Eye-Tracking Paradigm

Materials

The stimuli consisted of 24 different paired pictures, each
presented twice (48 trials in total). Each pair consisted of an
emotional scene, negative or positive, paired with a neutral
scene. When displayed on the screen, each picture measured
600x400mm with the centers of each picture 600mm apart. The
pictures were selected from the International Affective Picture
System (Center for the Study of Emotion and Attention, 1999)
on the basis of their valence and arousal scores. The 12 negative
pictures comprised images of people looking unhappy or crying.
The 12 positive pictures comprised images of people enjoying
activities and/or people with smiling faces. The 24 neutral

pictures comprised images of people in emotionally neutral
situations. The pictures were selected so that the three types
differed significantly from each other in terms of valence score.
The negative and positive picture sets did not differ significantly
in arousal scores, although each differed from the neutral picture
set in arousal. The positive, neutral, and negative pictures had
mean valence scores (with SDs in parentheses) of 7.78 (0.34),
5.22 (0.30), and 2.30 (0.64) and mean arousal scores of 6.63
(0.34), 4.77 (0.81), and 6.84 (0.55), respectively.

Apparatus

Eye movements were monitored throughout encoding and
retrieval using a Tobii TX300 with a sampling rate of 120Hz.
All materials were presented on a 23-in. broadband display with
a resolution of 1,024x768 pixels. The display was connected
to a Lenovo microcomputer (model: Qi Tian 7A4000-N000).
The technology used in this study was a noninvasive infrared-
based binocular eye-tracking technique. Head movement
was compensated for when calculating the direction and
location of the gaze. The eye tracker was able to accommodate
head movements within a 37cmx17cm plane at a 65cm
viewing distance.

Procedure

During the free-viewing task, participants were seated on a
sturdy chair in a comfortable position and viewed the screen
from a distance of approximately 65cm. In order to ensure
optimum gaze data quality, the eye tracker was calibrated for each
individual (using a standardized 5-point calibration procedure)
prior to the beginning of the attention task. Emotional and
neutral pictures were presented equally as often on the left
side as on the right side of the screen. The task consisted of
eight practice trials, followed by a brief pause (3s) and then 48
experimental trials. Each trial of the attention task consisted of a
fixation cross (presented centrally for 800ms), followed by a pair
of scene pictures which were displayed for 1,500ms, and then a
blank masking was displayed for 800ms. Participants were asked
to look at the picture on the screen as if they were watching a
television program (free viewing) but were instructed to return
their focus to the central fixation cross whenever it appeared. The
48 stimulus pairs were presented in a new randomized order for
each participant.

Data Preparation and Dependent Variables
The emotional and neutral pictures presented on each trial were
defined as areas of interest (AOI). Fixation data recorded with the
eye tracker for each AOI were used to estimate sustained visual
processing indices. Criteria for identifying an initial shift in gaze
on each trial were as follows (51): (a) participant was fixated in the
central region before picture onset; (b) eye movements occurred
after at least 100ms and with a maximum fixation radius of 1°
after picture onset and before picture offset (52); and (c) gaze was
directed to either picture (left or right) rather than remaining at
the central position during picture presentation. Eye-movement
data were initially processed using Tobii Studio Software (2.0.6).
Only participants with high-quality recordings (> 70%) were
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included in data analysis. Trials with missing data were removed
from analyses. The groups did not differ in the number of trials
removed: Z(48) = 0.78, p = 0.44.

Using gaze data collected by the eye-tracker system, four
attentional indices (53) were extracted for the present study: (a)
direction of initial gaze (i.e., percentage of first fixations on each
AOI); (b) first-fixation latency (i.e., time elapsed until the first
fixation occurs on each type of picture in each trial); (c) first-
fixation duration (i.e., duration of the first fixation made on each
type of picture in each trial); and (d) total fixation time (i.e., total
time that each subject fixates on each type of picture in each trial).

Bias Scores

Researchers (54) assert that relative bias scores might be more
relevant indicators of depression-associated processing of
emotional information than absolute indices compared with
emotional and neutral information. The relative bias scores of
each attention index associated with each emotion category were
calculated according to the guidelines.

For direction of initial gaze and total fixation time, we
calculated the percentage of trials in which a subject fixed first
on the emotional picture rather than on the neutral picture. A
bias score greater than 50% indicates a preference to look at the
emotional picture rather than the neutral picture, whereas a score
lower than 50% indicates a bias in gaze toward the neutral picture.
With regard to first-fixation latency and first-fixation duration,
we calculated the bias scores by subtracting the corresponding
value obtained for the neutral picture from the corresponding
value obtained for the emotional picture, consistent with previous
research (55). Bias scores of first-fixation duration greater than
zero were interpreted as a bias toward emotional pictures,
whereas those lower than zero indicated a preference for neutral
ones. Bias scores of first-fixation latency were the opposite.

Data Analysis

Differences in demographic and clinical characteristics were
investigated using analysis of variance (ANOVA) and Kruskal-
Wallis tests for continuous variables and chi-square tests of
independence for categorical variables. Differences in initial
orienting (direction bias score and latency bias score) and
subsequent engagement (initial-fixation duration bias score and
total gaze duration bias score) were analyzed using separate 3
(group)x3 (emotion picture) mixed factorial ANOVAs. The main
effect between emotion pictures and groups was evaluated with
the occupational stress as a covariate of no interest. One-sample
t tests and least significant difference (LSD) follow-up tests were
used for further analysis. A series of zero-order correlation
analyses were conducted to explore the relationships between
attentional bias indices and depressive symptoms. All tests were
two-tailed with an alpha level of 0.05, unless otherwise stated.

RESULTS

Group Characteristics
A total of 193 pregnant women were recruited for this study; of
these, 110 pregnant women (gestation week: M = 36.03, SD = 1.45)

who met the entry criteria were registered for participation (Figure
1). A tertile split was conducted on the participants’ scores on the
EPDS scales. There were 22 participants in the MDS group (EPDS:
M = 14.68, SD = 1.99), 43 participants in the NDS group (EPDS:
M =6.21, SD = 1.74), and 24 participants in the SDS group (EPDS:
M = 10.50, SD = 1.10). In the end, 89 participants were included
in the analysis of the stimuli processing data (see Figure 1). We
used G*Power to estimate the sample size, which is a free power
analysis program. The minimum total sample size calculated is 80,
and the minimum sample size for each group calculated is 22, so
the sample size of our study is within a reasonable range (56-60).
Further details of the three groups can be found in Table 1.

Attentional Processing of Emotional
Information

Direction of Initial Gaze (Bias Score)

A 2x3 mixed-model ANOVA showed a nonsignificant group
emotion interaction, F(2,86) = 1.428, p = 0.243, #> = 0.016, and a
nonsignificant main effect for emotional category, F(1,86) = 0.072,
p=0.789, #* = 0.000. There was a significant main effect of group,
F(2,86) = 3.437, p = 0.034, #*> = 0.039. Post hoc LSD-T analyses
indicated that the MDS group (p = 0.006) had a significantly
higher initial gaze direction bias score for negative images than
the NDS group (Figure 2). To explore this attentional pattern in
more detail, we compared each bias score with a value of 50% (no
bias). Analyses revealed a general bias for participants to look
initially at positive or negative scenes rather than neutral scenes
(see Table 2). These results indicate that initially, the MDS and
SDS groups tended to fixate more frequently on the emotional
scenes than on the neutral ones. Participants in the NDS group
were more likely to direct their initial gaze to the positive picture.

First-Fixation Latency (Bias Score)

A 2x3 mixed-model ANOVA showed a nonsignificant interaction
between emotional category and group, F(2,86) = 0.411, p = 0.663,
#? = 0.005; a non-significant main effect for group, F(2,86) = 2.115,
p =0.124, #? = 0.024; and a significant main effect for emotional
category, F(1,86) = 6.568, p = 0.011, n* = 0.037. Further
comparisons revealed that participants fixated faster on negative
pictures than on positive pictures (p = 0.014). Comparisons
with a no-bias criterion (zero) indicated that participants fixated
faster on emotional rather than neutral pictures (see Table 2).
Thus, these findings indicate not only that the three groups of
participants directed their first fixation to the emotional picture
earlier but also that the speed of detection of emotional pictures
was significantly faster than that for neutral pictures.

First-Fixation Duration (Bias Score)

A 2x3 mixed-model ANOVA showed no significant group
emotion interaction, F(2,86) = 1.628, p = 0.199, #* = 0.019, and
no significant main effect for emotional category, F(1,86) = 0.103,
p =0.749, > = 0.001. There was a significant main effect of group,
F(2,86) = 3.169, p = 0.045, *> = 0.036. Post hoc LSD-T analyses
indicated that, compared with the NDS group, participants in
the SDS group (p = 0.014) had significantly longer first-fixation
durations on negative pictures (Figure 3). Comparisons with a
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Assessed for eligibility (193)

(a) Right-handed;

(b) Age between 18 and 45 years;

(c) Pregnancy more than 28 weeks
(d) Normal color vision, naked eye
or corrected vision.

110 pregnant women included in study

a) complete eye-tracking task

b) collect demographic and pregnancy
information

c¢) complete EPDS scale

Excluded:

® Major medical complication concomitant the

pregnancy:37
@  Serious medical or neurological condition:3
® Substance dependence (except caffeine)
the past year:1

@ History of severe psychiatric conditions (e.g.,

psychotic or bipolar disorders):14
® Declined to join the study: 28

in

21 pregnant women without complete data

® 10 of them were withdrawn due to physical
discomfort

@ 11 participants' eye movements data were
invalid and rejected

89 pregnant women with complete data
Major depressive symptoms (MDS): 22
Suspicious depressive symptoms (SDS): 24
No depressive symptoms (NDS): 43

FIGURE 1 | Study recruitment profile.

no-bias criterion (zero) indicated that participants with depressive
symptoms had a longer first-fixation duration on emotional
rather than neutral pictures. However, the NDS group maintained
a significantly longer fixation duration on positive images
compared with neutral pictures. In addition, the NDS group had
an initial attention avoidance tendency to negative images (bias
scores = —0.41<0), although the difference was not statistically
significant, #(42) = —0.015, p = 0.988 (see Table 2).

Total Fixation Time (Bias Score)

A 2x3 mixed-model ANOVA showed no significant group
emotion interaction, F(2,86) = 1.411, p = 0.247, n*> = 0.016, and
no significant main effect for emotional category, F(1,86) = 0.080,
p =0.778, #?<0.001. Further, there was no significant main effect

of group, F(2,86) = 1.396, p = 0.250, #* = 0.016. Comparison of
each bias score with a value of 50% (no bias) indicated that the
bias scores of the three groups of participants on the emotional
pictures were more than 50% (see Table 2). Specifically, the three
groups had an attentional bias to positive and negative pictures
characterized by longer total fixation times compared with
neutral pictures. Nevertheless, the MDS group paid significantly
more attention to negative pictures (p = 0.008), and the NDS
group had significantly longer fixation duration to positive
pictures (p = 0.000), compared with neutral pictures.

Correlation Analysis
Bivariate correlation analyses were conducted to explore whether
attentional bias scores were associated with severity of depressive
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TABLE 1 | Differences in demographic and clinical characteristics among groups.

Characteristic MDS (N=22) SDS (N=24) NDS (N=43) x?/ZIF P
Age (X *s) 29.8+4.50 28.5+3.60 28.3+3.60 1.137 0.325
Occupational stress (%) 11.032 0.026*
Light 72.7 58.3 81.4

High 27.3 41.7 18.6

Exercise habits(%) 5.040 0.080
Yes 4.5 12.5 25.6

No 95.5 87.5 74.4

Childbirth history (%) 0.825 0.662
Primiparity 481 54.2 46.5

Multiparity 59.1 45.8 53.5

Educational level, median (IQR) 14 (8-15) 14 (8-18) 14 (8-18) 3.172 0.205
Gestational week, median (IQR) 36.3 (32.6-38.4) 36.6 (33.2-40.3) 36.4 (33.2-39.4) 1.108 0.576
EPDS, median (IQR) 14.68 (13-21) 10.5 (9-12) 6.21 (1-8) 75.695 0.000*

M, Mean; SD, standard deviation; MDS, major depression symptoms; SDS, suspicious depressive symptoms,; NDS, non-depressive symptoms; IQR, interquartile

range; EPDS, Edinburgh Postnatal Depression Scale.

a Significantly more common than Non-Depressive Symptoms group, p < .001,.0One-Way Anova:Post Hoc Multiple Comparisons.
b Significantly more common than Suspicious Depressive Symptoms group, p <.007.

¢ Significantly more common than Non-Depressive Symptoms group, p <.001.
* Significant diifference between depressive symptom subgroups (p < 0.05).

p=0.006
100 J

mm MDS
=3 SDS
= NDS

50—

initial gaze direction bias score%

v

Emotional category:L=negative picture,H=positive picture

v

FIGURE 2 | Initial gaze direction bias score (%) for emotional stimuli.

symptoms. Table 3 shows the zero-order correlation coefficients.
Symptoms of depression were positively associated with the bias
scores of initial-fixation direction to negative pictures. There
were no other statistically significant associations.

DISCUSSION

The current study is important, not only because it incorporates
eye-tracking technology but also because it is the first study to
investigate positive and negative image processing biases among
women with depression disorder-related symptoms who are in
the late stage of pregnancy. The present approach may contribute
to the understanding of the possible factors predisposing
pregnant women to depression disorders during late pregnancy.
These findings may also contribute to the understanding of the
nature of depression development and progression and patient
responsiveness to treatment in the early stages of depression.
Previous studies of cognitive deficits in depressive disorders
have tended to focus on clinical populations. This has made it

particularly difficult to separate the causal and maintaining
factors implicated in the depressive state. Thus, this study looked
at the relationship between attentional processing and depressive
symptoms within a nonclinical sample.

In the present study, the main finding of relevance to the
first hypothesis is that participants with depressive symptoms
(MDS and SDS) showed a greater negative attentional bias to
negative pictures in the maintenance of gaze, compared with
the NDS group. At first gaze, the MDS group tended to focus
on positive and negative emotional pictures. However, with
prolonged exposure to stimuli, pregnant women with MDS
tended to focus more on negative pictures and less on positive
pictures. This suggests that the problems disengaging from
negative information that are observed in patients with clinical
depression might be generalized to those with nonclinical
levels of depression-related symptoms. One explanation is that
depressed individuals are less able to inhibit negative stimuli
during the processing of emotional stimuli and, thus, show a
negative attention bias. These results are consistent with previous
studies (61, 62).

In addition to paying more attention to negative stimuli,
some studies have found an absence of “protective bias” in
depressed participants (54, 63). The absence of protective bias
has been interpreted as evidence of insensitivity to reward, such
that rewarding stimuli fail to capture attention (60). Reduced
attention to positive stimuli in pregnant women with MDS
might be associated with deficits in positive affect, a factor that
appears specific to depressive disorders (64). This tendency to
disengage from positive stimuli causes pregnant women with
MDS to ignore positive stimuli, making it impossible for them
to get out of depression as soon as possible under the guidance
of positive substances. This aggravates their negative cognitive
bias and makes it difficult for them to recover from the negative
mood (65).

Our second hypothesis regarding positive information
processing was partially supported by the data. The results
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TABLE 2 | Statistics for the bias scores of the three group participants on the positive and negative pictures compared with the neutral pictures.

Bias scores Group Positive-neutral Negative-neutral
M Sb 774 P M SD 1774 P

Direction of MDS 60.61% 21.39 3.289 0.002* 67.42% 28.86 4.005 0.000**
initial gaze (%)

SDS 57.63% 20.55 2.576 0.013* 59.02% 21.55 2.902 0.006*

NDS 56.20% 20.01 2.874 0.005* 50.57% 14.83 0.359 0.721
First fixation MDS -113.58 162.28 -4.643 0.000** -96.86 195.95 -3.279 0.002*
latency (ms)

SDS -125.37 207.67 -4.183 0.000** -57.56 182.24 -2.188 0.034*

NDS -98.59 179.74 -5.087 0.000** -44.03 177.82 -2.296 0.024*
First fixation MDS 58.52 176.43 2.200 0.033* 101.35 241.05 2.789 0.008*
duration (ms)

SDS 148.03 292.45 3.507 0.001* 167.53 307.58 3.774 0.000**

NDS 98.19 180.60 5.042 0.000** -0.41 245.355 -0.015 0.988
Total fixation MDS 52.51% 8.96 1.856 0.070 54.99% 11.98 2.766 0.008*
time (%)

SDS 57.85% 13.06 4.162 0.000** 58.22% 13.27 4.293 0.000**

NDS 55.64% 11.66 4.485 0.000** 51.18% 13.00 0.842 0.402

M, mean; SD, standard deviation; MDS, major depressive symptoms, SDS, suspicious depressive symptoms; NDS, nondepressive symptoms; t, statistical value of

one-sample t-test; Z, statistical value of nonparametric test; *p < 0.05, **p < 0.01.
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FIGURE 3 | Bias score of first fixation duration (ms) for emotional stimuli.

TABLE 3 | Bivariate correlations between attentional bias scores and depressive
symptom.

Attention bias scores EPDS
R P

Direction initial gaze—positive 0.158 0.152
Direction initial gaze —negative 0.254* 0.016*
Latency first fixation— positive -0.108 0.335
Latency first fixation—negative -0.017 0.872
First fixation duration—positive -0.047 0.063
First fixation duration—negative 0.178 0.095
Total fixation time —positive -0.062 0.563
Total fixation time—negative 0.141 0.189

*0 < 0.05; EPDS, Edinburgh Postnatal Depression Scale.

suggest that subjects with SDS are able to engage in active coping
strategies and may show some traces of resilience in the form
of adaptive or compensatory characteristics, such as attentional

bias toward positive information. However, these individuals
also inevitably show traces of vulnerability. That is, the trace
of resilience could be disrupted by MDS in late pregnancy. In
addition, the NDS group had an initial attention avoidance
tendency toward negative images compared with neutral
pictures. This finding is consistent with previous research
reporting that healthy participants show an attentional bias
toward happy faces (or may avoid sad faces) (66). Interestingly,
studies have suggested that attention avoidance occurs when
a negative stimulus is presented for a longer period of time
(usually greater than 1,000ms) and is in the late stages of
cognitive processing (67); however, this is inconsistent with the
results of the current study. Attention avoidance is considered
to be an anxiety reduction strategy (68). In this study, pregnant
women in the NDS group did not show depressive symptoms,
but we cannot rule out the presence of state anxiety. Attentional
bias is influenced by depression severity and comorbid anxiety
(16, 17, 69).

Previous research has suggested that depression-related
bias for negative information tends to be more pronounced
in the maintenance of attention (gaze duration) than in initial
orienting (gaze direction) (70). In the current study, all groups
showed a general bias to initially look at positive or negative
rather than neutral scenes and had accelerated detection of
negative stimuli compared with neutral pictures. These findings
suggest that the orienting mechanism is not only selectively
biased toward emotional stimuli (indexed by the probability
of first fixation) but that it is triggered faster by these stimuli
(indexed by shorter saccade latencies) (71). In addition, several
studies have suggested that attentional bias related to negative
emotions is closely related to attention control and personality
traits (72, 73); that is, neuroticism tends to correlate with
negative emotional attention bias. In contrast, extraversion
tends to correlate with positive emotional attention bias.
Specifically, low attentional control might be a risk factor for
psychological disorders because those with low attentional
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control are unable to shift attention away from negative stimuli
(switching) and are less able to focus their attention on the task
at hand (focusing) (74). Based on results from the dot-probe
test, one study argued that a low ability to control attention is
a risk factor for attention bias (75). The above theories provide
support for the current findings, to some extent. Although the
relationship between personality traits and attentional bias is
well known, the specific mechanisms underlying attentional
bias are not fully elucidated.

The rapid feedback system of the amygdala may also be one of
the neural mechanisms underlying early attention enhancement.
Our results are initially consistent with neurorelated studies
on attentional bias to threat stimuli in clinical anxiety. On the
one hand, the amygdala is a brain structure closely related to
fear information and fear behavior (76, 77). On the other hand,
the relationship between the amygdala and visual cortex is
bidirectional in structure and function. This assertion has been
supported by the results of magnetic resonance imaging studies.
For example, studies have found that the smaller the volume of
gray matter in the anterior cingulate gyrus of the amygdala, the
smaller the attention bias (78). Another study found that the
attentional bias to threatening stimuli is related to the positive
functional connection of the amygdala anterior cingulate gyrus;
the greater the deviation, the stronger the connection function
(79). Therefore, the amygdala anterior cingulate gyrus network,
with the amygdala as the core, may be the neural basis for
attention-directed acceleration of negative stimuli.

Overall, the results of this study are consistent with our
predictions. The severity of depressive symptoms in the
third trimester was positively correlated with the initial gaze
orientation bias score (i.e., early alertness), but not with the
maintenance attention index of negative images. The severity of
depressive symptoms was positively associated with total fixation
time in clinical depression in a previous study (20). We believe
that the initial attention orientation bias score can also be used
as an indicator of attention bias in nonclinical depression; this
may be one of the differences between clinical depression and
nonclinical depression, because one is a state feature and the
other is a disease feature. Taken together, these findings suggest
the presence of an orientation bias toward negative pictures in
late-gestation pregnant women who are considered to be “at
risk” of developing perinatal depression. We hypothesize that
an evolutionary adaptive shift toward hypervigilant emotion
processing in pregnancy could increase the vulnerability of
women to depression during late pregnancy. This may explain
the increased prevalence of depression in the third trimester
compared with early pregnancy (80).

Furthermore, some studies suggest that high risk of perinatal
depression is associated with some degree of alexithymia (81,
82) and that alexithymia is a potential risk factor for maternal
depression (25). However, other studies suggest that the great
emotional experiences associated with pregnancy, childbirth,
and motherhood may partially overcome the effects of maternal
alexithymia (83). In addition, studies have shown that even the
absolute stability of alexithymia may change due to the stress of

life events or even pregnancy (84, 85). Still, interest in studying
prenatal and postnatal alexithymia is surprisingly low. To the
best of our knowledge, there are only two longitudinal studies
of expectant mothers, and these have produced inconsistent
results (25, 84). Therefore, based on the small number of
previous studies and the inconsistent results, we cannot
determine the possible impact of alexithymia in the nonclinical
sample in this study.

These results are clinically significant and provide further
evidence for early attentional correction interventions in women
at high risk for perinatal depression. Intervention strategies
that load on these resiliency states and traits would likely prove
most efficient in preventing future depressive episodes (86).
Increasingly, studies are showing that attention bias training to
positive information and training in the use of positive coping
strategies might be a feasible intervention for some individuals
with subclinical depressive tendencies (87-90). If so, in the
future, eye-tracking attention tasks may provide objective
measures to help understand and identify vulnerable pregnant
mothers, allowing prevention of the development of PPD
through active attention bias therapy for women with antenatal
depression. However, additional work is required to understand
the neurocognitive mechanisms underlying the attentional
differences seen here; developments in this space will require
neuroimaging technology.

Some limitations of the current study are noted. First, the
EPDS is a self-report questionnaire, and even though it is
commonly used (44), based on the EPDS scores, we are only
able to identify women at higher risk of perinatal depression.
However, almost 70% of women exceeding the threshold of
10 satisfy the criteria for a diagnosis of depression (12). It is
worth noting that EPDS cannot really represent the major
depressive disorder group in the clinical perspectives; future
studies may consider introducing other scales (e.g., Hamilton
Depression Scale) that are widely used in clinical practice to
assess the severity of the depression group. Second, sample
sizes in eye-movement-tracking studies are usually small.
Although the sample size of this study is slightly larger than
most eye-movement studies, future research should attempt
to replicate these preliminary findings with larger samples.
Third, as this study has no comparison group of nonpregnant
women, we are limited in the conclusions that can be made
about attentional processing of emotional pictures in women
generally. Future studies should include nonpregnant women
as comparison subjects to determine the associations between
sensitivity to emotion-related stimuli and eye-movement
indicators in nonpregnant women. Finally, this study was
cross-sectional and looked at women in late pregnancy only;
thus, it is limited in its ability to confirm a causal relationship
between depressive symptom and attentional bias to emotional
pictures. A follow-up of this study will investigate these
attentional biases after birth.

Taken together, the current findings provide evidence that
depressive symptoms during late pregnancy are associated
with differential attentional processing of emotion-related
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information. Women at risk of perinatal depression have a
significant bias toward negative stimuli. One interpretation of
these findings is that a dysfunctional reward processing system
disrupts the development of the maternal response to emotional
information during pregnancy. Hypervigilance of emotion
processing during pregnancy increases a woman’s susceptibility
to depression during late pregnancy. Attention to positive
information (or away from negative information) may provide a
degree of buffering of emotional responses.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

This study was carried out in accordance with the recommendations
of the research ethics committee of Wenzhou Medical University
with written informed consent from all subjects. All subjects gave
written informed consent in accordance with the Declaration
of Helsinki. The protocol was approved by the research ethics
committee of Wenzhou Medical University.

REFERENCES

1. Becker M, Weinberger T, Chandy A, Schmukler S. Depression during
pregnancy and postpartum. Curr Psychiatry Rep (2016) 18:32. doi: 10.1007/
511920-016-0664-7

2. Gawlik S, Waldeier L, Muller M, Szabo A, Sohn C, Reck C. Subclinical
depressive symptoms during pregnancy and birth outcome-a pilot study
in a healthy German sample. Arch Women Mental Health (2013) 16:93-100.
doi: 10.1007/s00737-012-0320-0

3. Adewuya AO, Ola BA, Dada AO, Fasoto OO. Validation of the Edinburgh
Postnatal Depression Scale as a screening tool for depression in late
pregnancy among Nigerian women. ] Psychosom Obst Gyn (2009) 27:267-72.
doi: 10.1080/01674820600915478

4. Bennett HA, Einarson A, Taddio A, Koren G, Einarson TR. Prevalence of
depression during pregnancy: systematic review. Obstet Gynecol (2004)
103:698-709. doi: 10.1097/01.A0G.0000116689.75396.5f

5. O'Hara MW, Wisner KL. Perinatal mental illness: definition, description and
aetiology. Best Pract Res Clin Obstet Gynaecol (2014) 28:3-12. doi: 10.1016/j.
bpobgyn.2013.09.002

6. Pereira AT, Bos S, Marques M, Maia B, Soares MJ, Valente J, et al. Short forms
of the postpartum depression screening scale: as accurate as the original form.
Arch Women Mental Health (2013) 16:67-77. doi: 10.1007/s00737-012-0319-6

7. De Berardis D, Fornaro M, Orsolini L, Valchera A, Carano A, Vellante F,
et al. Alexithymia and suicide risk in psychiatric disorders: a mini-review.
Front Psychiatry (2017) 8:148. doi: 10.3389/fpsyt.2017.00148

8. Orsolini L, Valchera A, Vecchiotti R, Tomasetti C, Iasevoli F, Fornaro M, et
al. Suicide during perinatal period: epidemiology, risk factors, and clinical
correlates. Front Psychiatry (2016) 7:138. doi: 10.3389/fpsyt.2016.00138

9. Usuda K, Nishi D, Okazaki E, Makino M, Sano Y. Optimal cut-off score
of the Edinburgh Postnatal Depression Scale for major depressive episode
during pregnancy in Japan. Psychiatry Clin Neurosci (2017) 71:836-42. doi:
10.1111/pcn.12562

10. Venkatesh KK, Kaimal AJ, Castro VM, Perlis RH. Improving discrimination in
antepartum depression screening using the Edinburgh Postnatal Depression
Scale. J Affect Disord (2017) 214:1-7. doi: 10.1016/j.jad.2017.01.042

AUTHOR CONTRIBUTIONS

JH, KZ, XY, WZ, and MZ designed the study, wrote the protocol,
and revised the paper. WT, LC, CB, LX, JZ, WE QC, and PD
conducted literature searches and provided summaries of
previous research studies. WT conducted the statistical analysis.
CL and YB helped revise the manuscript. WT wrote the first
draft of the manuscript, and all authors contributed to and have
approved the final manuscript.

FUNDING

This work was supported by the Projects of National Science
Foundation of China (No. 81873799) and the Natural Science
Foundation of Zhejiang Province,China (No. LQ18H090009,
LY19H090015).

ACKNOWLEDGMENTS

We wish to thank all the participants and medical staff of the
First Affiliated Hospital of Wenzhou Medical University who
supported our research. We thank all of the volunteers for their
study participation and the support of the First Affiliated Hospital
of Wenzhou Medical University.

11. Consortium., PD.A.T.C.A.T.P. Heterogeneity of postpartum depression:
a latent class analysis. Lancet Psychiatry (2015) 2:59-67. doi: 10.1016/
$2215-0366(14)00055-8

12. Wisner KL, Sit DK, McShea MC, Rizzo DM, Zoretich RA, Hughes CL, et al.
Onset timing, thoughts of self-harm, and diagnoses in postpartum women
with screen-positive depression findings. Jama Psychiat (2013) 70:490-8.
doi: 10.1001/jamapsychiatry.2013.87

13. Meijer JL, Beijers C, van Pampus MG, Verbeek T, Stolk RP, Milgrom J, et al.
Predictive accuracy of Edinburgh Postnatal Depression Scale assessment
during pregnancy for the risk of developing postpartum depressive
symptoms: a prospective cohort study. BJOG (2014) 121:1604-10. doi:
10.1111/1471-0528.12759

14. Howard LM, Molyneaux E, Dennis CL, Rochat T, Stein A, Milgrom J. Non-
psychotic mental disorders in the perinatal period. Lancet (2014) 384:1775-
88. doi: 10.1016/S0140-6736(14)61276-9

15. Weeland MM, Nijhof KS, Otten R, Vermaes IPR, Buitelaar JK. Beck's
cognitive theory and the response style theory of depression in adolescents
with and without mild to borderline intellectual disability. Res Dev Disabil
(2017) 69:39-48. doi: 10.1016/.ridd.2017.07.015

16. Cisler J, Wolitzky-Taylor K, Adams T, Babson K, Badour C, Willems J. The
emotional Stroop task and posttraumatic stress disorder: a meta-analysis.
Clin Psychol Rev (2011) 31:817-28. doi: 10.1016/j.cpr.2011.03.007

17. Epp A, Dobson K, Dozois D, Frewen P. A systematic meta-analysis of the
Stroop task in depression. Clin Psychol Rev (2012) 32:316-28. doi: 10.1016/j.
cpr.2012.02.005

18. Lyche P, Jonassen R, Stiles TC, Ulleberg P, Landre NI. Attentional functions
in major depressive disorders with and without comorbid anxiety. Arch Clin
Neuropsychol (2011) 26:38-47. doi: 10.1093/arclin/acq095

19. Gollan ], Hoxha D, Getch S, Sankin L, Michon R. Affective information
processing in pregnancy and postpartum with and without major depression.
Psychiatry Res (2013) 206:206-12. doi: 10.1016/j.psychres.2012.11.030

20. Duque A, Vazquez C. Double attention bias for positive and negative
emotional faces in clinical depression: evidence from an eye-tracking
study. J Behav Ther Exp Psychiatry (2015) 46:107-14. doi: 10.1016/j.
jbtep.2014.09.005

Frontiers in Psychiatry | www.frontiersin.org

October 2019 | Volume 10 | Article 780


https://doi.org/10.1007/s11920-016-0664-7
https://doi.org/10.1007/s11920-016-0664-7
https://doi.org/10.1007/s00737-012-0320-0
https://doi.org/10.1080/01674820600915478
https://doi.org/10.1097/01.AOG.0000116689.75396.5f
https://doi.org/10.1016/j.bpobgyn.2013.09.002
https://doi.org/10.1016/j.bpobgyn.2013.09.002
https://doi.org/10.1007/s00737-012-0319-6
https://doi.org/10.3389/fpsyt.2017.00148
https://doi.org/10.3389/fpsyt.2016.00138
https://doi.org/10.1111/pcn.12562
https://doi.org/10.1016/j.jad.2017.01.042
https://doi.org/10.1016/S2215-0366(14)00055-8
https://doi.org/10.1016/S2215-0366(14)00055-8
https://doi.org/10.1001/jamapsychiatry.2013.87
https://doi.org/10.1111/1471-0528.12759
https://doi.org/10.1016/S0140-6736(14)61276-9
https://doi.org/10.1016/j.ridd.2017.07.015
https://doi.org/10.1016/j.cpr.2011.03.007
https://doi.org/10.1016/j.cpr.2012.02.005
https://doi.org/10.1016/j.cpr.2012.02.005
https://doi.org/10.1093/arclin/acq095
https://doi.org/10.1016/j.psychres.2012.11.030
https://doi.org/10.1016/j.jbtep.2014.09.005
https://doi.org/10.1016/j.jbtep.2014.09.005
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Tang et al.

An Eye-Movement Study

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Joormann J, Gotlib I. Is this happiness I see? Biases in the identification
of emotional facial expressions in depression and social phobia. ] Abnorm
Psychol (2006) 115:705-14. doi: 10.1037/0021-843X.115.4.705

Clark DA, Beck AT. Cognitive theory and therapy of anxiety and depression:
convergence with neurobiological findings. Trends Cogn Sci (2010) 14:418-
24. doi: 10.1016/j.tics.2010.06.007

Liang CW, Tsai JL, Hsu WY. Sustained visual attention for competing
emotional stimuli in social anxiety: An eye tracking study. ] Behav Ther Exp
Psychiatry (2017) 54:178-85. doi: 10.1016/}.jbtep.2016.08.009

Seifritz E, Esposito F, Neuhoff J, Liithi A, Mustovic H, Dammann G, et al.
Differential sex-independent amygdala response to infant crying and
laughing in parents versus nonparents. Biol Psychiatry (2003) 54:1367-75.
doi: 10.1016/S0006-3223(03)00697-8

Le HN, Ramos MA, Munoz RE. The relationship between alexithymia and
perinatal depressive symptomatology. J Psychosom Res (2007) 62:215-22.
doi: 10.1016/j.jpsychores.2006.09.012

Strathearn L, Li ], Fonagy P, Montague PR. What's in a smile? Maternal brain
responses to infant facial cues. Pediatrics (2008) 122:40-51. doi: 10.1542/
peds.2007-1566

Hemming L, Haddock G, Shaw J, Pratt D. Alexithymia and its associations
with depression, suicidality, and aggression: an overview of the literature.
Front Psychiatry (2019) 10:203. doi: 10.3389/fpsyt.2019.00203

De Berardis D, Olivieri L, Rapini G, Di Natale S, Serroni N, Fornaro M, et al.
Alexithymia, suicide ideation and homocysteine levels in drug naive patients
with major depression: a study in the "real world" clinical practice. Clin
Psychopharmacol Neurosci (2019) 17:318-22. doi: 10.9758/cpn.2019.17.2.318
Elliott AF, Hell MD, Sheldrick-Michel A, Nielsen B. Cognitive
impairment after depression leads to disability. Ugeskr Laeger (2016) 178:45.
Flanagan T, White H, Carter B. Differential impairments in emotion face
recognition in postpartum and nonpostpartum depressed women. ] Affect
Disord (2011) 128:314-8. doi: 10.1016/j.jad.2010.07.021

Gil S, Teisseédre F, Chambres P, Droit-Volet S. The evaluation of emotional
facial expressions in early postpartum depression mood: a difference
between adult and baby faces? Psychiatry Res (2011) 186:281-6. doi:
10.1016/j.psychres.2010.06.015

Moses-Kolko E, Perlman S, Wisner K, James J, Saul A, Phillips M.
Abnormally reduced dorsomedial prefrontal cortical activity and effective
connectivity with amygdala in response to negative emotional faces in
postpartum depression. Am ] Psychiatry (2010) 167:1373-80. doi: 10.1176/
appi.ajp.2010.09081235

Pearson R, Cooper R, Penton-Voak I, Lightman S, Evans J. Depressive
symptoms in early pregnancy disrupt attentional processing of
infant emotion. Psychol Med (2010) 40:621-31. doi: 10.1017/
$0033291709990961

Pearson RM, O'Mahen H, Burns A, Bennert K, Shepherd C, Baxter H, et al.
The normalisation of disrupted attentional processing of infant distress
in depressed pregnant women following Cognitive Behavioural Therapy.
J Affect Disord (2013) 145:208-13. doi: 10.1016/j.jad.2012.07.033

Field T. Postpartum depression effects on early interactions, parenting, and
safety practices: a review. Infant Behav Dev (2010) 33:1-6. doi: 10.1016/j.
infbeh.2009.10.005

Rahman A, Bunn J, Lovel H, Creed F. Association between antenatal
depression and low birthweight in a developing country. Acta Psychiatr
Scand (2007) 115:481-6. doi: 10.1111/j.1600-0447.2006.00950.x

Webb R, Ayers S. Cognitive biases in processing infant emotion by women
with depression, anxiety and post-traumatic stress disorder in pregnancy
or after birth: a systematic review. Cogn Emot (2015) 29:1278-94. doi:
10.1080/02699931.2014.977849

Edvinsson A, Skalkidou A, Hellgren C, Gingnell M, Ekselius L, Willebrand M,
et al. Different patterns of attentional bias in antenatal and postpartum
depression. Brain Behav (2017) 7:¢00844. doi: 10.1002/brb3.844
Moses-Kolko EL, Horner MS, Phillips ML, Hipwell AE, Swain JE. In Search
of neural endophenotypes of postpartum psychopathology and disrupted
maternal caregiving. / Neuroendocrinol (2014) 26:665-84. doi: 10.1111/
jne.12183

Roos A, Lochner C, Kidd M, van Honk ], Vythilingum B, Stein D.
Selective faces during pregnancy. Prog

attention to fearful

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Neuropsychopharmacol Biol Psychiatry (2012) 37:76-80. doi: 10.1016/j.
pnpbp.2011.11.012

Sharma V, Mazmanian D. The DSM-5 peripartum specifier: prospects
and pitfalls. Arch Women Mental Health (2014) 17:171-3. doi: 10.1007/
s00737-013-0406-3

Cox J, Holden J, Sagovsky R. Detection of postnatal depression. Development
of the 10-item Edinburgh Postnatal Depression Scale. Br ] Psychiatry (1987)
150:782-6. doi: 10.1192/bjp.150.6.782

Wickberg B, Hwang C. The Edinburgh postnatal depression scale: validation
on a Swedish community sample. Acta Psychiatr Scand (1996) 94:181-4. doi:
10.1111/j.1600-0447.1996.tb09845.x

Thombs BD, Benedetti A, Kloda LA, Levis B, Riehm KE, Azar M, et al.
Diagnostic accuracy of the Edinburgh Postnatal Depression Scale (EPDS)
for detecting major depression in pregnant and postnatal women: protocol
for a systematic review and individual patient data meta-analyses. BMJ Open
(2015) 500:€009742. doi: 10.1136/bmjopen-2015-009742

Felice E, Saliba J, Grech V, Cox, J. Validation of the Maltese version of the
Edinburgh Postnatal Depression Scale. Arch Women Mental Health (2006)
9:75-80. doi: 10.1007/s00737-005-0099-3

Stewart RC, Umar E, Tomenson B, Creed E Validation of screening tools
for antenatal depression in Malawi-a comparison of the edinburgh postnatal
depression scale and self reporting questionnaire. | Affect Disord (2013)
150:1041-7. doi: 10.1016/j.jad.2013.05.036

Tran TD, Tran T, La B, Lee D, Rosenthal D, Fisher, J. Screening for perinatal
common mental disorders in women in the north of Vietnam: a comparison
of three psychometric instruments. J Affect Disord (2011) 133:281-93. doi:
10.1016/j.jad.2011.03.038

Zhao'Y, Kane I, Wang J, Shen B, Luo J, Shi S. Combined use of the postpartum
depression screening scale (PDSS) and Edinburgh postnatal depression scale
(EPDS) to identify antenatal depression among Chinese pregnant women
with obstetric complications. Psychiatry Res (2015) 226:113-9. doi: 10.1016/j.
psychres.2014.12.016

Gibson J, McKenzie-McHarg K, Shakespeare J, Price ], Gray R. A systematic
review of studies validating the Edinburgh Postnatal Depression Scale
in antepartum and postpartum women. Acta Psychiatr Scand (2009)
119(5):350-64. doi: 10.1111/j.1600-0447.2009.01363.x

Guo XJ, Wang YQ, Liu Y, Chen J, Pu XE Study on the optimal critical value
of the Edinburgh Postnatal Depression Scale in the screening of antenatal
depression. Chin ] Nurs (2009) 44:808-10.

Caseras X, Garner M, Bradley BP, Mogg K. Biases in visual orienting to
negative and positive scenes in dysphoria: An eye movement study. ] Abnorm
Psychol (2007) 116:491-7. doi: 10.1037/0021-843X.116.3.491

Bradley BP, Mogg K, Millar NH. Covert and overt orienting of attention
to emotional faces in anxiety. Cogn Emot (2010) 14:789-808. doi: 10.1080/
02699930050156636

Mogg K, BB, Field M, De Houwer J. Eye movements to smoking-
related pictures in smokers: relationship between attentional biases and
implicit and explicit measures of stimulus valence. Addiction (2003) 98:6.
doi: 10.1046/j.1360-0443.2003.00392.x

Shane MS, Peterson JB. An evaluation of early and late stage attentional
processing of positive and negative information in dysphoria. Cogn Emot
(2007) 21:789-815. doi: 10.1080/02699930600843197

Duque A, Sanchez A, Vazquez C. Gaze-fixation and pupil dilation in the
processing of emotional faces: the role of rumination. Cogn Emot (2014)
28:1347-66. doi: 10.1080/02699931.2014.881327

Schoth DE, Godwin H]J, Liversedge SP, Liossi C. Eye movements during
visual search for emotional faces in individuals with chronic headache. Eur |
Pain (2015) 19:722-32. doi: 10.1002/ejp.595

Lu S, XuJ, Li M, Xue J, Lu X, Feng L, et al. Attentional bias scores in patients
with depression and effects of age: a controlled, eye-tracking study. J Int Med
Res (2017) 45:1518-27. doi: 10.1177/0300060517708920

Ring M, Bowler DM, Gaigg SB. An eye-movement study of relational
memory in adults with autism spectrum disorder. J Autism Dev Disord
(2017) 47:2981-91. doi: 10.1007/s10803-017-3212-3

Peckham A, Johnson S, Tharp J. Eye tracking of attention to emotion in
bipolar i disorder: links to emotion regulation and anxiety comorbidity. Int ]
Cogn Ther (2016) 9:295-312. doi: 10.1521/ijct_2016_09_12

Frontiers in Psychiatry | www.frontiersin.org

10

October 2019 | Volume 10 | Article 780


https://doi.org/10.1037/0021-843X.115.4.705
https://doi.org/10.1016/j.tics.2010.06.007
https://doi.org/10.1016/j.jbtep.2016.08.009
https://doi.org/10.1016/S0006-3223(03)00697-8
https://doi.org/10.1016/j.jpsychores.2006.09.012
https://doi.org/10.1542/peds.2007-1566
https://doi.org/10.1542/peds.2007-1566
https://doi.org/10.3389/fpsyt.2019.00203
https://doi.org/10.9758/cpn.2019.17.2.318
https://doi.org/10.1016/j.jad.2010.07.021
https://doi.org/10.1016/j.psychres.2010.06.015
https://doi.org/10.1176/appi.ajp.2010.09081235
https://doi.org/10.1176/appi.ajp.2010.09081235
https://doi.org/10.1017/S0033291709990961
https://doi.org/10.1017/S0033291709990961
https://doi.org/10.1016/j.jad.2012.07.033
https://doi.org/10.1016/j.infbeh.2009.10.005
https://doi.org/10.1016/j.infbeh.2009.10.005
https://doi.org/10.1111/j.1600-0447.2006.00950.x
https://doi.org/10.1080/02699931.2014.977849
https://doi.org/10.1002/brb3.844
https://doi.org/10.1111/jne.12183
https://doi.org/10.1111/jne.12183
https://doi.org/10.1016/j.pnpbp.2011.11.012
https://doi.org/10.1016/j.pnpbp.2011.11.012
https://doi.org/10.1007/s00737-013-0406-3
https://doi.org/10.1007/s00737-013-0406-3
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1111/j.1600-0447.1996.tb09845.x
https://doi.org/10.1136/bmjopen-2015-009742
https://doi.org/10.1007/s00737-005-0099-3
https://doi.org/10.1016/j.jad.2013.05.036
https://doi.org/10.1016/j.jad.2011.03.038
https://doi.org/10.1016/j.psychres.2014.12.016
https://doi.org/10.1016/j.psychres.2014.12.016
https://doi.org/10.1111/j.1600-0447.2009.01363.x
https://doi.org/10.1037/0021-843X.116.3.491
https://doi.org/10.1080/02699930050156636
https://doi.org/10.1080/02699930050156636
https://doi.org/10.1046/j.1360-0443.2003.00392.x
https://doi.org/10.1080/02699930600843197
https://doi.org/10.1080/02699931.2014.881327
https://doi.org/10.1002/ejp.595
https://doi.org/10.1177/0300060517708920
https://doi.org/10.1007/s10803-017-3212-3
https://doi.org/10.1521/ijct_2016_09_12
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org

Tang et al.

An Eye-Movement Study

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders:
a meta-analytic review and synthesis. Clin Psychol Rev (2012) 32:704-23. doi:
10.1016/j.cpr.2012.09.004

Gotlib I, Krasnoperova E, Yue D, Joormann J. Attentional biases for negative
interpersonal stimuli in clinical depression. J Abnorm Psychol (2004)
113:121-35. doi: 10.1037/0021-843X.113.1.121

Kellough JL, Beevers CG, Ellis AJ, Wells TT. Time course of selective
attention in clinically depressed young adults: an eye tracking study. Behav
Res Ther (2008) 46:1238-43. doi: 10.1016/j.brat.2008.07.004

McCabe SB, Gotlib IH. Selective attention and clinical depression:
performance on a deployment-of-attention task. J Abnorm Psychol (1995)
104:241-5. doi: 10.1037//0021-843X.104.1.241

Watson D, Naragon-Gainey K. On the specificity of positive emotional
dysfunction in psychopathology: evidence from the mood and anxiety
disorders and schizophrenia/schizotypy. Clin Psychol Rev (2010) 30:839-48.
doi: 10.1016/j.cpr.2009.11.002

Suslow T, Dannlowski U, Lalee-Mentzel ], Donges US, Arolt V, Kersting A.
Spatial processing of facial emotion in patients with unipolar depression:
a longitudinal study. ] Affect Disord (2004) 83:59-63. doi: 10.1016/j.
jad.2004.03.003

Joormann J, Talbot L, Gotlib IH. Biased processing of emotional information
in girls at risk for depression. ] Abnorm Psychol (2007) 116:135-43. doi:
10.1037/0021-843X.116.1.135

Calvo MG, Avero P. Time course of attentional bias to emotional scenes
in anxiety: gaze direction and duration. Cogn Emot (2005) 19:433-51. doi:
10.1080/02699930441000157

Wald I, Lubin G, Holoshitz Y, Muller D, Fruchter E, Pine DS, et al
Battlefield-like stress following simulated combat and suppression of
attention bias to threat. Psychol Med (2011) 41:699-707. doi: 10.1017/
$0033291710002308

Peckham AD, McHugh RK, Otto MW. A meta-analysis of the magnitude
of biased attention in depression. Depress Anxiety (2010) 27:1135-42. doi:
10.1002/da.20755

Bradley B, Mogg K, Lee S. Attentional biases for negative information in
induced and naturally occurring dysphoria. Behav Res Ther 35 (1997), 911-
27. doi: 10.1016/S0005-7967(97)00053-3

Calvo MG, Nummenmaa L, Hyona J. Emotional and neutral scenes in
competition: orienting, efficiency, and identification. Q J Exp Psychol (Hove)
(2007) 60:1585-93. doi: 10.1080/17470210701515868

Paelecke M, Paelecke-Habermann Y, Borkenau P. Temperament and
attentional bias in vocal emotional stroop tasks. Eur ] Personality (2012)
26:111-22. doi: 10.1002/per.1848

Yu Y, Yang Q, Li J, Xu Y, Liu B, Peng L, et al. Mediating and moderating
effects of attentional control on the relationship between personality traits
and attentional bias among Chinese medical students. Psychiatry Res (2016)
246:113-8. doi: 10.1016/j.psychres.2016.09.026

Sportel BE, Nauta MH, de Hullu E, de Jong PJ, Hartman CA. Behavioral
inhibition and attentional control in adolescents: robust relationships with
anxiety and depression. J Child Fam Stud (2011) 20:149-56. doi: 10.1007/
510826-010-9435-y

Schoorl M, Putman P, Van Der Werff S, Van Der Does AJ. Attentional bias
and attentional control in posttraumatic stress disorder. J Anxiety Disord
(2014) 28:203-10. doi: 10.1016/j.janxdis.2013.10.001

LeDoux JE. Emotion: clues from the brain. Annu Rev Psychol (1995) 46:209—
35. doi: 10.1146/annurev.ps.46.020195.001233

Davis M, Whalen PJ. The amygdala: vigilance and emotion. Mol Psychiatry
(2001) 6(1):13-34. doi: 10.1038/sj.mp.4000812

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Carlson JM, Beacher F, Reinke KS, Habib R, Harmon-Jones E, Mujica-
Parodi LR, et al. Nonconscious attention bias to threat is correlated with
anterior cingulate cortex gray matter volume: a voxel-based morphometry
result and replication. Neuroimage (2012) 59:1713-8. doi: 10.1016/j.
neuroimage.2011.09.040

Carlson JM, Cha ], Mujica-Parodi LR. Functional and structural amygdala
- anterior cingulate connectivity correlates with attentional bias to masked
fearful faces. Cortex (2013) 49:2595-600. doi: 10.1016/j.cortex.2013.07.008
Cameron EE, Sedov ID, Tomfohr-Madsen LM. Prevalence of paternal
depression in pregnancy and the postpartum: an updated meta-analysis. ]
Affect Disord (2016) 206:189-203. doi: 10.1016/j.jad.2016.07.044

Joukamaa M, KP, Veijola J, Laksy K, Karvonen JT, Jokelainen J, JM. Social
situation of expectant mothers and alexithymia 31 years later in their
offspring: a prospective study. Psychosom Med (2003) 65:307-12 doi:
10.1097/01.PSY.0000030389.53353.BC

Fukunishi I PW. Intergenerational associations of alexithymic characteristics
for college students and their mothers. Psychol Rep (2001) 89:77-84. doi:
10.2466/pr0.2001.89.1.77

Karukivi M, Tolvanen M, Karlsson H, Karlsson L. Alexithymia and
postpartum anxiety and depression symptoms: a follow-up study in a
pregnancy cohort. | Psychosom Obstet Gynaecol (2015) 36:142-7. doi:
10.3109/0167482X.2015.1089228

Marchesi C, Giaracuni G, Paraggio C, Ossola P, Tonna M, De Panfilis C. Pre-
morbid alexithymia in panic disorder: a cohort study. Psychiatry Res (2014)
215:141-5. doi: 10.1016/j.psychres.2013.10.030

Kojima M, Frasure-Smith N, Lespérance F. Alexithymia following
myocardial infarction: psychometric properties and correlates of the
Toronto Alexithymia Scale. ] Psychosom Res (2001) 51:487-95. doi: 10.1016/
$0022-3999(01)00253-7

Waugh CE, Koster EH. A resilience framework for promoting stable
remission from depression. Clin Psychol Rev (2015) 41:49-60ss. doi:
10.1016/j.cpr.2014.05.004

Browning M, Holmes EA, Charles M, Cowen PJ, Harmer CJ. Using
attentional bias modification as a cognitive vaccine against depression. Biol
Psychiatry (2012) 72:572-9. doi: 10.1016/j.biopsych.2012.04.014
Dandeneau SD, Baldwin MW, Baccus JR, Sakellaropoulo M, Pruessner JC.
Cutting stress off at the pass: reducing vigilance and responsiveness to social
threat by manipulating attention. J Pers Soc Psychol (2007) 93:651-66. doi:
10.1037/0022-3514.93.4.651

Taylor C, Bomyea ], Amir N. Malleability of attentional bias for positive
emotional information and anxiety vulnerability. Emotion (2011) 11:127-38.
doi: 10.1037/a0021301

Waters AM, Pittaway M, Mogg K, Bradley BP, Pine DS. Attention training
towards positive stimuli in clinically anxious children. Dev Cogn Neurosci
(2013) 4:77-84. doi: 10.1016/j.dcn.2012.09.004

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Tang, Bao, Xu, Zhu, Feng, Zhang, Lin, Chen, Cheng, Ding, Zhou,
Bao, Yu, Zhao and He. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org

11

October 2019 | Volume 10 | Article 780


https://doi.org/10.1016/j.cpr.2012.09.004
https://doi.org/10.1037/0021-843X.113.1.121
https://doi.org/10.1016/j.brat.2008.07.004
https://doi.org/10.1037//0021-843X.104.1.241
https://doi.org/10.1016/j.cpr.2009.11.002
https://doi.org/10.1016/j.jad.2004.03.003
https://doi.org/10.1016/j.jad.2004.03.003
https://doi.org/10.1037/0021-843X.116.1.135
https://doi.org/10.1080/02699930441000157
https://doi.org/10.1017/S0033291710002308
https://doi.org/10.1017/S0033291710002308
https://doi.org/10.1002/da.20755
https://doi.org/10.1016/S0005-7967(97)00053-3
https://doi.org/10.1080/17470210701515868
https://doi.org/10.1002/per.1848
https://doi.org/10.1016/j.psychres.2016.09.026
https://doi.org/10.1007/s10826-010-9435-y
https://doi.org/10.1007/s10826-010-9435-y
https://doi.org/10.1016/j.janxdis.2013.10.001
https://doi.org/10.1146/annurev.ps.46.020195.001233
https://doi.org/10.1038/sj.mp.4000812
https://doi.org/10.1016/j.neuroimage.2011.09.040
https://doi.org/10.1016/j.neuroimage.2011.09.040
https://doi.org/10.1016/j.cortex.2013.07.008
https://doi.org/10.1016/j.jad.2016.07.044
https://doi.org/10.1097/01.PSY.0000030389.53353.BC
https://doi.org/10.2466/pr0.2001.89.1.77
https://doi.org/10.3109/0167482X.2015.1089228
https://doi.org/10.1016/j.psychres.2013.10.030
https://doi.org/10.1016/S0022-3999(01)00253-7
https://doi.org/10.1016/S0022-3999(01)00253-7
https://doi.org/10.1016/j.cpr.2014.05.004
https://doi.org/10.1016/j.biopsych.2012.04.014
https://doi.org/10.1037/0022-3514.93.4.651
https://doi.org/10.1037/a0021301
https://doi.org/10.1016/j.dcn.2012.09.004
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Depressive Symptoms in Late Pregnancy Disrupt Attentional Processing of Negative–Positive Emotion: An Eye-Movement Study

	﻿Introduction

	﻿Methods

	﻿Participants

	﻿Measures

	Assessment of Depressive Symptoms


	﻿Eye-Tracking Paradigm

	Materials

	Apparatus

	Procedure


	﻿Data Preparation and Dependent Variables

	Bias Scores


	﻿Data Analysis


	﻿Results

	﻿Group Characteristics

	﻿Attentional Processing of Emotional Information

	Direction of Initial Gaze (Bias Score)

	First-Fixation Latency (Bias Score)

	First-Fixation Duration (Bias Score)

	Total Fixation Time (Bias Score)


	﻿Correlation Analysis


	﻿Discussion

	﻿Data Availability Statement

	﻿Ethics Statement

	﻿Author Contributions

	﻿Funding

	﻿Acknowledgments

	References



