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Abstract

The present study aimed to clarify: 1) the presence of depression-related attention bias
related to a social stressor, 2) its association with depression-related attention biases as
measured under standard conditions, and 3) their association with impaired stress recovery
in depression. A sample of 39 participants reporting a broad range of depression levels com-
pleted a standard eye-tracking paradigm in which they had to engage/disengage their gaze
with/from emotional faces. Participants then underwent a stress induction (i.e., giving a
speech), in which their eye movements to false emotional feedback were measured, and
stress reactivity and recovery were assessed. Depression level was associated with longer
times to engage/disengage attention with/from negative faces under standard conditions
and with sustained attention to negative feedback during the speech. These depression-
related biases were associated and mediated the association between depression level and
self-reported stress recovery, predicting lower recovery from stress after giving the speech.

Introduction

According to cognitive models [1-3], depression is caused and maintained by biases in the
processing of emotional information. A wealth of empirical research has provided evidence for
depression-related emotional biases in visual attention processes. Former studies using atten-
tion allocation paradigms, such as the dot-probe task [4] or the spatial cueing task [5] have
found that depressed people tend to allocate attention disproportionally more to negative com-
pared with positive or neutral material (i.e., self-descriptive adjectives, facial expressions), but
only under conditions of long stimuli exposures (see [6, 7]). These results led to speculate that
depressed individuals may not direct their attention to negative information more quickly
than do control participants, but once it captures their attention they may exhibit difficulties
disengaging from it (e.g., [8]). In recent research, eye-tracking technology has been used to
delineate the time course and components of attention biases in depression, showing that,
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relative to controls, depressed individuals show an increased maintenance of gaze on negative
stimuli when they are attended (see [9]).

Although previous eye-tracking studies support the presence of a prolonged processing of
negative information in depression, the hypotheses that sustained eye-gaze would reflect
impairments in volitional disengagement of attention has remained unclear until the develop-
ment of direct ways to index such attention patterns. A new eye-tracking paradigm, the atten-
tional engagement-disengagement task [10], has been developed in order to examine the time
to disengage attention from emotional faces (happy, angry and sad) when having to engage
attention with neutral faces of the same person. Using this paradigm, it has been found that,
compared to healthy controls, clinically depressed participants took longer to move their gaze
from sad faces towards neutral faces when prompted to [10]. This attention bias is thought to
be associated with a lack of inhibitory control over negative information and with the use of
maladaptive emotion regulation strategies [6], which would result in sustained negative affect.
In order to test this assumption, the predictive role of this depression-related attention bias in
self-reported stress reactivity and recovery from a relevant stress task (anticipating giving a
speech) has been examined. Consistently, individual differences in attentional disengagement
from negative faces predicted lower mood recovery after the stress anticipation in the clinically
depressed group [10]. These findings have helped to increase our understanding of the cogni-
tive mechanism involved in negative mood maintenance in depression. However, further steps
require clarifying the specific nature of the effect and the conditions under which those mecha-
nisms operate.

Depression-related attention biases under socio-evaluative situations

One core feature of depression is the experience of difficulties in social interactions [11],
which leads to sustained negative affect and post-event rumination [12]. A hypothesis derived
from current eye-tracking evidence is that the observed attention biases for emotional faces in
depression may be at the basis of those difficulties. Emotional faces comprise salient features of
the social environment [13]. Therefore, if attention of depressed individuals is biased to sustain
the processing of negative facial expressions [9], as a result of difficulties disengaging from
them [10], this may affect how social situations are interpreted and thereby affect emotional
responding and the adequate selection of regulation strategies [14]. However, although previ-
ous research has demonstrated the presence of depression-related attention biases during stan-
dard conditions of emotional faces viewing, it remains unclear whether such biases would also
emerge during relevant socio-evaluative situations.

In order to investigate this research question, new paradigms have recently been developed
to assess attentional processes during socio-evaluative situations (i.e. an impromptu speech).
Participants view a pre-recorded video, where the audience has been trained to display posi-
tive, negative or neutral expressions, and participants are told that the audience is online listen-
ing to his/her speech. Using eye-tracking to monitor gaze towards the pre-recorded audience
during the speech it has been found that healthy individuals are characterized by longer times
attending to positive feedback (i.e., positive expressions) than to other types of social feedback
[15]. In contrast, participants showing shuttering problems [15] and high social anxiety levels
[16] are characterized by longer fixation durations on negative feedback (i.e., negative expres-
sions). Whether a similar behavioral pattern during the processing of socio-evaluative feed-
back may characterize depression, as the result of observed attentional disengagement
impairments, remains untested. The present study aimed to clarify this question, by using a
modification of the original eye-tracking based impromptu speech paradigm. Whereas the
original paradigm uses a static feedback audience (positive, negative and neutral audience
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members appears in the same proportion on the screen and do not change across the whole
speech duration), we aimed to test attention to a socio-evaluative feedback in dynamic change,
as natural social interactions involve dynamic rather than static audiences [17]. This was
achieved with a controlled-paradigm where pictures representing the feedback audience varied
in the type of feedback depicted (e.g., from moments representing balanced positive-negative
feedback to moments representing clearly rejecting negative feedback) across the speech.

Using this paradigm, our first aim was to test the hypothesis of an involvement of depres-
sion-related attention biases in maladaptive processing during socio-evaluative situations. We
had two different predictions. First, if depression is characterized by maladaptive attentional
processes during social interactions, depressive symptoms will be related to sustained process-
ing of negative over positive feedback during the socio-evaluative situation, as observed in
other problems related with difficulties in social interactions [15, 16]. Second, if, as proposed,
depression-related attention biases are at the basis of maladaptive attentional processes during
social interactions, patterns of sustained processing on negative feedback during the socio-
evaluative situation should be associated with difficulties in the attentional disengagement
from negative facial expressions as measured under standard conditions in former research
[10]. In order to test these two predictions, participants first completed the attention engage-
ment-disengagement task [10] followed by the impromptu speech paradigm. This design
allowed to test: 1) whether higher depressive symptom severity levels are associated with longer
sustained attention to negative over positive feedback during the socio-evaluative situation,
and 2) whether such biased attention patterns during the socio-evaluative situation are associ-
ated to depression-related attention biases indexed under standard conditions of processing
(i.e., longer times to disengage attention from negative faces, as measured in the attentional
engagement-disengagement task).

Depression-related attention biases and stress regulation

Our second aim was to replicate and extend previous evidence on the role of depression-
related attention biases (i.e., difficulties in attentional disengagement from negative faces
under standard conditions; longer sustained attention to negative over positive feedback
under a stressful socio-evaluative condition) in stress regulation. Differences in these attention
processes are thought to facilitate the generation of sustained negative affective conditions in
depression, as the result of impaired stress regulation [14]. Specifically, difficulties disengaging
attention from negative faces in depression have been found to be associated with impaired
mood regulation after anticipating a stressful situation (i.e., giving a speech; [10]). Similarly,
recent evidence using the impromptu speech combined with eye-tracking has shown that the
total duration of fixations on negative feedback during the speech was predictive of subjective
anxiety ratings immediately after it [16].

Whereas previous evidence in the context of depression refers to associations between
attention biases to social information and subjective mood state changes in response to social
stress (self-reported mood states: [10]), the predictive role of these biases has not yet been
tested using objective physiological indicators of stress reactivity and recovery. Previous evi-
dence suggests that maladaptive attention bias might be specifically involved in subsequent
inefficient regulation of the induced stress responses [10], which would reflect diminished
parasympathetic activity to inhibit initial sympathetic influences associated to the stress
response [18]. Stressor-induced suppression of cardiac parasympathetic activity [19] has been
documented in a growing number of studies using heart rate variability (HRV) as an indirect
measure of parasympathetic (vagal) control over time-related variations in heart rate (e.g.,
[20]). HRYV reflects an objective indicator of individual differences in regulating emotional
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conditions or cognitive functions [21-23]. Therefore, in the present study HRV was used as a
physiological measure of parasympathetic activity of stress regulation, during the speech task
as well as during a recovery period afterwards. We predicted that depression-related attention
biases would be associated with lower subjective self-reported mood recovery (i.e., inefficient
stress regulation; [10]), and with lower HRV (i.e. less parasympathetic control) after confronta-
tion with the socio-evaluative situation.

Materials and methods
Participants

Individuals with minimal to severe depressive symptoms were sampled from the Ghent Uni-
versity research participant pool based on a prescreening measure (Mood and Anxiety Symp-
tom Questionnaire; [24]). At testing, 39 participants (36 female; age range: 18-36) reported a
broad range of depressive symptom severity levels (range: 0-42, M = 11.28, SD = 10.50) on the
Beck Depression Inventory-II ([25]; Dutch translation: [26]), with 25 individuals reporting
minimal (20: 0-9; 5: 10-13), 7 mild (14-19), 4 moderate (20-28), and 3 severe symptom levels
(29-63). All participants were native Dutch speakers with normal or corrected-to-normal
vision. They provided written informed consent and were paid 15 euro for their participation.
The study was approved by the faculty ethical committee at Ghent University.

Questionnaires

Depressive symptom severity. The BDI-II assessed depressive symptom severity. On 21
items rated on a four-point scale, respondents indicated the extent to which they suffered
from depressive symptoms in the past two weeks. This measure has good reliability and valid-
ity in both healthy and depressed samples [25, 26]. The internal consistency in this study was
o=.95.

Mood state. Mood ratings were administered using three visual analogue scales (VAS),
providing measures of happiness, sadness and tension to evaluate mood states at different
times across the experimental session. Participants were asked to describe how they felt ‘at that
moment’ by indicating on horizontal 100 cm lines whether they experienced the three above-
mentioned mood states, from * totally not’ to ‘very much’.

Other self-reported measures. Other questionnaires administered in the study for
exploratory reasons but not used to test the current hypotheses were the State-Trait Anxiety
Inventory (STAIL [27]), the Fear of Negative Evaluation Scale (FNE; [28]), the Ruminative
Responses Scale (RRS; [29]) and the Cognitive Emotion Regulation Questionnaire (CERQ;
(30]).

Heart rate variability

Heart rate was measured per beat with a telemetric heart rate monitor (Polar S810). This sys-
tem allows a detection of R-R intervals with a resolution of 1 ms (i.e., sampling rate: 1000 Hz).
The heart rate monitor employs an elastic electrode belt (T61, Polar Electro Oy) that is placed
just below the participant’s chest muscles. The equipment was adjusted at the beginning of the
experimental session. Then participants seated and rested comfortably during an acclimation
phase of 10 minutes that served to monitor the quality of the recording. Data from 4 partici-
pants were discarded because of inadequate signal transmission during the experiment. Data
from the remaining 35 participants with adequate signal transmission were collected during
three subsequent 10 minute periods across the experiment in order to derive HRV measures
before, during and after receiving the stress induction (see below).

PLOS ONE | https://doi.org/10.1371/journal.pone.0175040 March 31,2017 4/24


https://doi.org/10.1371/journal.pone.0175040

@° PLOS | ONE

Depression, attention and stress recovery

Data were first filtered with the Polar Precision Performance Software for Windows. The
errors’ detection was set at a moderate power using median and moving-average-filtering at a
minimum protection zone of 6 beats per minute (see [31]). Resulting waveforms were then
imported to Kubios software [32]. Samples were filtered with the low automatic filter in Kubios
and visually inspected for artifacts. Kubios was then used to calculate root mean square of suc-
cessive differences (RMSSD) of interbeat intervals (in milliseconds) as an index of HRV at
each time period. The RMSSD has been shown to be a reliable index of cardiac parasympa-
thetic influences [33], reflecting decreases as an effect of stress [34] and increases as an indica-
tor of successful emotion regulation [35].

Attentional engagement-disengagement task

Stimuli. Stimuli consisted of pairs of pictures comprising an emotional and a neutral
facial expression of the same person. Pictures were selected from the Radboud Faces database
(RaFD; [36]) based on normative data of the emotional discreteness of faces for the corre-
sponding emotion and their valence [36]. Based on those criteria, 24 happy, disgusted and sad
expressions (12 men and 12 women) for each emotional category and the corresponding neu-
tral expressions of the same actors were selected as the stimuli. Three emotional categories
were used in order to replicate previous findings using this paradigm [10], where depression-
related attentional engagement and disengagement patterns were examined for happy, sad and
threat-related stimuli. Unlike in the previous study [10], disgusted instead of angry faces were
used as the threat category, as current research points out a greater threat perception for dis-
gust faces (e.g., [37]). In terms of emotional discreteness, according to the validation data [36],
the selected models showed a high percentage of discreteness for the proper emotions (M =
88.83, SD = 12.23). In terms of valence, disgusted and sad faces (M =1.97,SD =.17,and M =
2.04, SD = .20, respectively) did not show significant differences (p = .67), whereas happy faces
(M =4.29, SD = .24) significantly differed from both (p =.001, in both cases).

Experimental design. The attention task comprised 72 trials (24 happy, 24 disgusted and
24 sad expressions paired with the corresponding neutral expression of the same actor), which
were randomly presented to each participant. Emotional and neutral expressions were pre-
sented equally often on the left as on the right side of the screen. The task also included 6 prac-
tice trials, followed by a brief pause before starting the actual trials. Stimuli were displayed on a
23” screen. The size of each face was 5.8 cm (width) x 7.5 cm (height). Pictures were centered
on the screen, 18 cm apart (measured from their centers). Participants were seated approxi-
mately 60 cm from the screen’s center, resulting in a visual angle of approximately 7.5 degrees
between each picture’s center and the screen’s center.

The experimental design is presented in Fig 1. Each trial started with the presentation of a
black screen for 500 ms, followed by the display of a white fixation cross in the middle of the
screen. Immediately after the system detected a visual fixation of at least 200 ms in the cross
area, a pair of faces (either happy-neutral, disgusted-neutral or sad-neutral) was presented for
3,000 ms. The engagement-disengagement procedure followed the 3,000 ms free-viewing
period: 1) One third of the trials in each emotion condition (happy, disgusted, sad) assessed
attentional engagement with emotional expressions. As shown in Fig 1, after the 3,000 ms
free-viewing period, stimulus presentation did not continue until participants fixated on the
neutral face for 100 ms. Immediately after this fixation was detected, a frame consisting of a
square or a circle appeared surrounding the opposite face (i.e., emotional face). Participants
were instructed to detect the frame as quickly as possible and press one of two response keys
on the keyboard to indicate the type of frame (i.e., square or circle). 2) Another third of the tri-
als assessed disengagement from emotional expressions in each emotion condition. The
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Response to the
type of frame
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response)

Fig 1. Schematic of trial presentations in the engagement-disengagement task.

https://doi.org/10.1371/journal.pone.0175040.g001

procedure was similar but, in this case, involving that after the 3,000 ms of free-viewing, stimu-
lus presentation did not continue until participants fixated on the emotional face for 100 ms
and then the frame appeared surrounding the opposite neutral face. 3) A last third of the trials
included a regular free-viewing condition for each emotion condition, in which after the 3,000
ms free-viewing period, a new fixation cross appeared indicating the start of the next trial.

Engagement, disengagement and regular free-viewing trials for each emotional condition
(i.e., happy-neutral, disgusted-neutral, sad-neutral) were randomly presented for each partici-
pant. Both types of frames in the engagement-disengagement trials were equally likely to
appear in the left and right positions in all conditions. Criteria for identifying a first shift in
gaze to the stimuli surrounded by the frame on each trial were identical to the ones used in
previous research [10]: (a) Participants were fixated on the opposite stimulus before the frame
appeared, (b) eye movements occurred at least 100 ms after the frame appeared, (c) gaze was
directed to the stimulus surrounded by a frame rather than remaining at the opposite stimulus
position, and d) participants made a fixation of at least 100 ms to the stimulus surrounded by a
frame after shifting their gaze to it. Analyses were conducted on the resulting 93% of valid
data.

Attention indices and reliability. The engagement-disengagement conditions employed
after the 3,000 ms free-viewing period, served to establish direct measures of engagement and
disengagement for each emotion condition. Indices were derived by computing the latencies
from the time that the frame appeared surrounding one face (i.e., while they were fixated on
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the opposite one) to the time that participants made a visual fixation (100 ms) on the framed
face (i.e., moved their eyes from one face to the other one and fixated on it). 1) Attentional
engagement refers to the latency of that first shift in gaze from the neutral face to the emotional
face surrounded by the frame in the engagement condition; and 2) attentional disengagement
refers to the latency of the first shift in gaze from the emotional face to the neutral face sur-
rounded by the frame in the disengagement condition. Reliability was examined separately for
each of the six measures. The resulting Cronbach’s alpha values for valid trials within each of
the six conditions were good (disengagement from disgusted: o = .75; disengagement from
happy: o = .75; disengagement from sad: o = .86; engagement with disgusted: o. = .77; engage-
ment with happy: a = .74; engagement with sad: o = .80).

Speech paradigm

Procedure overview. Participants were told that they would be asked to give a 5-minute
speech on the topic “Why are you a good friend?”, a topic used successfully in previous stud-
ies to induce stress responses in depressed samples [10, 38]. They were told that they would
have to give the speech in front of a video camera added to the eye-tracker screen and that
their eye movements during the speech would be recorded. Participants were informed that
their speech would be recorded and that expert psychologists would be online connected
and rate their performance on clarity, coherence and persuasiveness. They were also told
that they would receive feedback on their performance during the speech, consisting on the
appearance of avatar faces representing evaluators’ expressions on the screen. Then the
experimenter started the video connection showing the participants’ image on the screen
and gave the participants two minutes to prepare the five-minute speech. The experimenter
stated that during the 2-min speech preparation, he/she would go to check whether the
video signal was well received in the evaluators’ rooms, and left the participant alone. After
the 2 minute-preparation period, the experimenter came back to the room and stated that
everyone was ready in the other rooms. Participants were then calibrated in the eye-tracker
and the experimenter simulated talking by a microphone with the evaluators, by asking
whether they were ready and playing voice recordings of people stating that they were ready
to start with the evaluation. The overall preparation procedure lasted approximately 5 min-
utes. After that, participants gave the 5-minutes speech during which false feedback on their
performance was shown on the screen.

False feedback design. The stimuli used to provide false feedback on speech performance
consisted on facial expressions, representing different levels of positive and negative valence.
Stimuli comprised 8 computer-generated facial models (4 male and 4 female models) created
with FaceGen Modeller software (Singular Inversions, Toronto, ON, Canada). Original models
were morphed using a happiness-disgusted continuum to represent different levels of feed-
back: accepting (expressing 100% happy), mixed (expressing 50% happy- 50% disgusted) or
rejecting (expressing 100% disgusted). This resulted in 24 pictures (3 emotion labels by model)
that were used to construct 7 different false feedback slides comprising the 8 false evaluators.

An overview of the false feedback procedure during the speech is shown in Fig 2. Partici-
pants were asked to focus on the screen instead of the video camera as that would help the eval-
uators to have a proper image of them during the video recording. An oval was presented on
the center of the screen to help participants to keep focused on the screen during their speech.
The oval was shown for periods of 30 sec. After each 30 sec. period, a false feedback slide
appeared on the screen for 10 sec., representing the degree of acceptance/rejection of the eval-
uators, supposed to be online connected. This procedure (30 sec. oval- 10 sec. false feedback)
was repeated 7 times, resulting in an approximate duration of 5 minutes. After the last false
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Slide 4 Rejecting: 50%-25% I Slide 5 Rejecting: 75%-25% I I Slide 6 Balanced: 25%-25% I I Slide 7 Balanced: 50%-50% I

Fig 2. Schematic of the speech task sequence.
https://doi.org/10.1371/journal.pone.0175040.g002

feedback slide, the screen turned black and participants were informed that the speech task
was finished and that the video recording and the connection with the evaluators were closed.

False feedback slides comprised eight pictures (one for each model) surrounding the previ-
ous oval area. False feedback was used to separately test the effects in attention of the stress
induction (attention to balanced feedback under stress) and the effects in attention to negative
feedback (attention to rejecting feedback under stress) and after it (attention to balanced feed-
back under stress after receiving negative feedback). This was achieved by presenting false
feedback slides in a fixed order: The first 2 minutes of speech involved viewing false feedback
slides comprising dynamically changing balanced acceptance-rejection levels in order to test
the specific effects of stress in attention (slide 1: 25% disgusted, 50% mixed, 25% happy; slide
2: 50% disgusted, 50% happy; slide 3: 25% disgusted, 50% mixed, 25% happy) The following
1.5 minutes of speech comprised dynamically increasing rejection over acceptance balances to
test attention to rejecting feedback under stress (slide 4: 50% disgusted, 25% mixed, 25%
happy; slide 5: 75% disgusted, 25% happy). The last 1.5 minutes of speech comprised again
dynamically changing balanced acceptance-rejection levels in order to test attention under
stress after receiving rejecting feedback (slide 6: 25% disgusted, 50% mixed, 25% happy; slide
7:50% disgusted, 50% happy). Female and male models were distributed in the same propor-
tion over the different screen’s positions.
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Attention indices. The procedure involved online measurement of attention to feedback
models during the speech (via eye tracking). To obtain measures of attention bias to interper-
sonal feedback, we considered the total fixation time (i.e., the sum of the duration across fixa-
tions) on the negative (100% disgusted models) over the positive (100% happy models)
pictures in each false feedback slide. This parameter is a commonly reported index of attention
bias that is sensitive to individual differences in depressive symptom severity [9, 39] and it has
been used in previous impromptu speech eye-tracking paradigms [16]. A relative bias score of
fixation duration to negative over positive feedback at each of the seven feedback moments
(i.e., negative versus positive pictures) was calculated within-subjects, by subtracting the total
fixation time on 100% happy pictures from the total fixation time on 100% disgusted pictures
at each false feedback slide.

Eye-tracker

Participants’ eye movements in both tasks were recorded using a Tobii TX300 eye-tracker sys-
tem. This system employs a dual-Purkinje eye-tracking method [40] and samples eye-gaze
coordinates at 300 Hz (e.g., a coordinates’ estimation every 3.3 ms). A 9-point grid calibration
procedure was completed before performing each of the tasks. Both stimuli presentation and
eye movements’ recording were controlled by E-prime Professional software [41]. The eye-
tracking system synchronized automatically with each of the two programs at the start of each
trial/false feedback slide. Eye movement signals were converted to visual fixation data by using
E-prime extensions for Tobii (i.e., Clearview PackageCalls).

Feedback pictures’ rating task

Participants also completed a rating task in order to validate emotional characteristics of the
pictures employed in the stress induction paradigm (false feedback pictures). Pictures were
shown on the computer screen, one by one, and participants were asked to identify and rate
the emotion expressed by the face. Each trial began with a central fixation cross presented for
500 ms. The picture (5.8 x 7.5 cm) was then presented along with three categories: 1 —dis-
gusted, 2 —not disgusted nor happy, 3 ~happy. Participants then selected which category best
described the emotion expressed in the picture by pressing the appropriate key. This served to
evaluate the discreteness’ degree of each picture to the emotion depicted (100% disgusted, 50%
disgusted- 50% happy, or 100% happy). After that, the picture remained on the screen, and
participants were presented with a line with nine labeled anchor points, ranging from 1 (very
negative) to 9 (very positive). This scale served to evaluate the position in the negative-positive
valence dimension for each picture. Once participants rated the picture by pressing the appro-
priate key, the next trial began. The rating task comprised a total of 24 trials.

In terms of discreteness’ to the emotion depicted, 100% disgusted and 100% happy com-
puter-generated faces were adequately assigned to their given emotional category, 90% and
93% of times, respectively. Regarding to 50% disgusted— 50% happy mixed faces, they were
assigned to the intermediate emotional category (not disgusted nor happy) 37% of times,
whereas they were identified as happy faces the 52% of times, and as disgusted faces the
remaining 11% of times. The latter results confirm the mixed emotional nature of the stimuli.
However, in terms of dimensional valence, the three picture conditions significantly differed
in the expected directions, F(2,36) = 519.01, p =.001, ,* = .97, with the 100% disgusted models
(M =2.74, SD = 0.62) identified as significantly more negative than both the 50%-50% mixed
models (M = 5.52, SD = 0.47) and the 100% happy models (M = 7.16, SD = 0.53), and the
100% happy models identified as significantly more positive than the 50%-50% mixed models,
all ps =.001.
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Fig 3. Schematic of the tasks sequence during the session.
https://doi.org/10.1371/journal.pone.0175040.g003

Design overview

Fig 3 depicts the sequence of tasks. Participants were told at the beginning of the experimental
session that the study would involve the evaluation of eye-movements during different tasks of
emotional perception and expression. Participants gave their written informed consent, the
polar equipment was put on, and then they completed a series of questionnaires, including the
BDI-II. Thereafter participants completed the attentional engagement-disengagement task.
After completing this task, they remained seated and rested for 10 minutes (pre-stress HRV
measure), and then rated their current mood state (VASs pre-stress mood). Then they received
the instructions for the stress task (3 minutes) and prepared their speech for an extra 2 min-
utes. After that they gave the 5-min speech during which their gaze behavior to false feedback
was monitored and recorded. The overall stress manipulation procedure (stress anticipation
and speech) lasted for approximately 10 minutes (stress reactivity HRV measure). Immediately
after finishing the speech they rated again their current mood state (VASs stress-mood). Par-
ticipants sat and rested then for another 10 minutes (post-stress recovery HRV measure), and
after this recovery period, they rated again their current mood state (VASs post-stress mood).
The session finished with the feedback pictures’ rating task. At the end of the procedure partic-
ipants were fully debriefed on the real purposes of the study and completed a brief question-
naire to test the level of suspiciousness on the real aims of the stress induction procedure.
Finally, they received a brief positive mood induction aimed to reduce negative mood level
[42] and were thanked and compensated for their participation. The experimental session
lasted approximately 90 min.

Statistical analyses

The data-analytic strategy comprised three steps. First, we examined the relationship between
depressive symptom severity and attention biases under standard (attentional engagement-dis-
engagement task) and during stress conditions (attention biases to false feedback during the
speech), as well as with differences in self-reported (VASs changes) and physiological (HRV
changes) responses as result of the stress induction. To increase the statistical power of our
analyses, this was performed by conducting a series of mixed-design analyses of covariance
(ANCOVAs) for each measure, introducing depressive symptom severity level as a covariate.
When the covariate accounted for any of the main or interaction effects, bivariate correlations
between depressive symptom severity level and the corresponding indices were performed to
clarify the direction of the associations. Further analyses using a group-level approach were
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also performed, comprising Bonferroni-corrected post-hoc comparisons between dysphoric
(n = 15) and non-dysphoric (n = 24) participants (according to BDI-II cut-off score = 14;
[26]), in order to further clarify group level differences at those dependent variables where
depressive symptom severity was identified as a significant covariate.

Secondly, we examined whether standard measures of depression-related attention bias
(attentional engagement-disengagement biases) were associated with attentional bias under
stressful socio-evaluative conditions. Bivariate correlations between attention bias measures in
the attentional engagement-disengagement task and attention bias measures in the speech pro-
cedure were performed for those indices where depressive symptom severity level acted as a
significant covariate (i.e., associations between depression-related attention biases at standard
and stress conditions).

Finally, we tested mediational models examining the predictive role of depressive symptom
severity level in stress reactivity and stress regulation responses via its association with depres-
sion-related attention biases. Stress reactivity and stress regulation measures were computed
for those self-reported (VASs) and physiological (HRV) indicators where effects of the stress
induction were found. Stress reactivity/regulation scores were constructed using simple linear
regression models in which scores at a given time were predicted by their corresponding previ-
ous scores (e.g., physiological reactivity: HRV during the pre-stress period predicting HRV
during the stress period; physiological recovery: HRV during the stress period predicting HRV
during the post-stress period), and the resulting standardized residuals were saved. Standard-
ized residuals control for variability in baseline scores and are considered a reliable method to
compute changes in stress level (e.g., [10, 43]). Bivariate correlations between observed depres-
sion-related attention biases and stress reactivity/recovery measures were examined. When
significant associations between depression-related attention biases and stress changes were
found, mediational models were used to examine total effects (i.e., effect of depressive symp-
tom severity on stress change without taking into account attention bias; path c), direct effects
(i.e., effect of depressive symptom severity on stress change after controlling for attention bias;
path ¢), and indirect effects in those associations (i.e., effect of depressive symptom severity
on stress change via attention bias; path a x b). Mediation models were constructed using a
bootstrapping approach [44]. By relying on confidence intervals to determine the significance
of the indirect effect, this statistical method avoids problems associated with traditional
approaches (e.g., unrealistic assumptions regarding multivariate normality) (see [45]). The
estimated 5000 bias-corrected bootstrap 95% confidence intervals should not contain zero to
be significant [44].

Results
Attention biases under natural conditions

Mean and standard deviations for each attention bias index for the whole sample are summa-
rized in Table 1.

Attentional disengagement. The mixed design ANCOVA with emotion (happy, dis-
gusted, sad) as within-subject factors and depressive symptom severity as covariate revealed
a near to significant main effect of emotion, F(2,36) = 3.21, p = .05, 1 = .15, which was
accounted by a significant interaction of emotion by depressive symptom severity, F(2,36) =
6.57, p =.004,m,” = .27. To further investigate the interaction effect, bivariate correlation coef-
ficients between depressive symptom severity and the three attentional disengagement indices
(i-e., happy, disgusted and sad stimuli) were calculated. Analyses showed that higher depres-
sion severity levels were significantly associated with longer times to disengage attention from
both disgusted, r = .42, p = .008, and sad faces, r = .56, p = .001, whereas the correlation with
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Table 1. Mean and standard deviations of attention bias measures in the study.

M SD
Attentional Disengagement (sec)
Disgusted 0.29 0.07
Happy 0.28 0.05
Sad 0.29 0.08
Attentional Engagement (sec)
Disgusted 0.30 0.09
Happy 0.28 0.05
Sad 0.30 0.09
Fixation Duration to Negative over Positive Pictures during the Speech (diff in sec)
Overall (full speech) 0.38 0.50
Slide 1 (balanced feedback) -0.19 1.13
Slide 2 (balanced feedback) -0.13 1.04
Slide 3 (balanced feedback) 0.26 1.21
Slide 4 (rejecting feedback) 0.98 1.53
Slide 5 (rejecting feedback) 1.50 1.71
Slide 6 (balanced feedback) 0.26 0.88
Slide 7 (balanced feedback) -0.15 1.69

Notes. M = mean; SD = Standard Deviation; diff = difference; sec = seconds

https://doi.org/10.1371/journal.pone.0175040.t001

attentional disengagement from happy faces was not significant, r = .04, p = .80. Bonferroni
corrected post-hoc comparisons between dysphoric and non-dysphoric participants showed
that such associations were explained by significantly longer times to disengage attention from
both disgusted and sad faces in the dysphoric compared to the non-dysphoric group, p =.02
and p = .04, whereas groups did not differ in their time to disengage attention from happy
faces, p = .89 (see Fig 4).

0.4 * X

f 1 X

0.32
[
028 Non-Dysphoric
m Dysphoric
0.24
02 — —
0.16 - - - . . ———

Disengagement Disengagement Disengagement Engagement Engagement Engagement
Disgusted Happy Sad Disgusted Happy Sad

Mean time to fixate on the face surrounded by a frame
after the “wait for fixation” period (sec.)

Fig 4. Mean times to direct attention to the face surrounded by a frame in the attentional engagement
and disengagement conditions for each emotion condition comparing non-dysphoric and dysphoric
participants. * p <.05

https://doi.org/10.1371/journal.pone.0175040.g004
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Attentional engagement. The mixed design ANCOVA with emotion (happy, disgusted,
sad) as within-subject factors and depressive symptom severity as covariate revealed a signifi-
cant main effect of depressive symptom severity, F(1,37) = 17.80, p = .001, np2 = .33, which was
accounted by a significant interaction of emotion by depressive symptom severity, F(2,36) =
3.57,p=.039,m,” = .17. Bivariate correlation showed that higher depression severity levels
were significantly associated with longer times to engage attention with all types of emotional
faces, happy, r = 42, p = .007, disgusted, r = .51, p = .001, and sad faces, r = .57, p = .001. Bon-
ferroni corrected post-hoc comparisons between dysphoric and non-dysphoric participants
confirmed significantly longer times to engage attention with happy, disgusted and sad faces
in the dysphoric compared to the non-dysphoric group, p = .021, p =.005 and p = .001, respec-
tively. However, when attentional engagement indices were compared within-groups, whereas
no differences were found in the non-dysphoric group, all p5 > .05, the times to engage atten-
tion towards disgusted and sad faces were significantly longer than the times to engage atten-
tion towards happy faces in the dysphoric group, p =.009, and p = .049, respectively (see Fig
4). Therefore, although higher depressive symptom severity was associated with a general lon-
ger time of attentional engagement with all emotional information, this association was signifi-
cantly higher for attentional engagement with negative information (i.e., disgusted and sad
faces).

Attention biases under stress conditions

Mean and standard deviations for attention bias indices (fixation duration to negative over
positive pictures) during the speech for the whole sample are summarized in Table 1.

A mixed design ANCOVA was conducted to analyze attention bias across the speech, with
time (the seven false feedback slides) as within-subject factor and depressive symptom severity
as covariate. First, analyses revealed a main effect of time, F(6,32) = 4.54, p = .002,1,” = .46,
explained by longer fixation duration to negative over positive pictures in the false feedback
slides comprising rejecting feedback (i.e., slides 4 and 5) in comparison to those comprising
balanced feedback presented before (i.e., slides 1, 2 and 3) and after (i.e., slides 6 and 7), all p’s
< .05. Second, analyses revealed both a significant main effect of depressive symptom severity,
F(1,37) = 6.86, p = .013,n,”> = .16, as well as a significant depressive symptom severity by time
interaction, F(6,32) = 3.38, p = .011, nP2 =.38. Bivariate correlation showed that higher depres-
sion severity levels were associated with an overall longer fixation duration to negative over
positive pictures across the speech, r = .50, p = .001 In order to clarify this general effect, corre-
lations were separately examined for each of the seven false feedback slides, showing that
higher depression severity scores were associated with longer fixation duration to negative
over positive pictures in balanced feedback slides presented both before and after rejecting
feedback slides (slide 3: r = .31, p = .049, slide 7: r = .58, p = .001) whereas no significant associ-
ations were found for rejecting feedback slides presented in between (slide 4: r = .12, p = .49,
slide 5: r = .01, p = .96). Bonferroni corrected post-hoc comparisons between dysphoric and
non-dysphoric participants confirmed significant differences between groups: Before being
presented with rejecting feedback slides (4 and 5), dysphoric participants were characterized
by longer fixation duration to negative over positive pictures in balanced feedback slides (slide
2:p =.05, slide 3: p = .04). Then, groups did not differ in their fixation duration when rejecting
feedback slides were presented (slide 4: p = .46, slide 5: p = .43). Groups differed again in their
fixation duration to balanced feedback slides after having being presented with rejecting feed-
back, with dysphoric participants being characterized by longer fixation duration to negative
over positive pictures in slide 7, p = .023. No other between-group comparisons reached signif-
icance. Importantly, when within-group comparisons were performed, non-dysphoric
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Fig 5. Fixation duration in negative over positive faces for each feedback slide during the speech
comparing non-dysphoric and dysphoric participants. * in solid lines = between-group differences p <
.05; * in broken lines = within-group differences p <.05; diff in sec = difference in seconds.

https://doi.org/10.1371/journal.pone.0175040.9005

individuals showed shorter fixation duration to negative over positive pictures in balanced
feedback slides presented both before (slides 2 and 3) and after (slide 7) rejecting feedback
(slide 5), all p5 > .05. In contrast, fixation duration to negative over positive pictures did not
differ between false feedback slides across the whole speech in the dysphoric group, all p’s

< .05 (see Fig 5). Overall, results showed an association between higher depression severity
and longer times attending to negative over positive pictures across the whole speech. This
effect was qualified by different patterns of attention: Whereas non-dysphoric individuals were
characterized by a balanced processing of positive and negative pictures across the speech,
only showing a longer fixation duration to negative over positive pictures when received
clearly rejecting feedback (slides 4 and 5), dysphoric individuals showed this biased fixation
duration pattern across the whole speech.

Associations between attention biases at different conditions

Bivariate correlations were conducted to analyze the association between depression-related
attention biases found under standard conditions (attentional disengagement and engagement
biases for disgusted and sad faces) and depression-related attention biases under social stress
(i.e., overall fixation duration to negative over positive pictures across the whole speech, as well
as for those false feedback slides where significant effects were found).

Correlations are summarized in Table 2. Higher overall fixation duration to negative over
positive feedback across the speech was associated with longer times to disengage attention
from sad faces and with longer times to engage attention with both types of negative faces.
When specific false feedback slides were analyzed, this general association was accounted by
both types of depression-related attention biases: longer times to both disengage attention
from and engage attention with negative faces were significantly associated with longer fixa-
tion duration to negative over positive pictures after receiving rejecting feedback (i.e., slide 7).
In order to clarify whether depression-related attention biases would predict differential atten-
tion patterns from rejecting to balanced feedback in the speech, changes in attention bias
duration from rejecting feedback (slide 5) to balanced feedback (slide 7) were computed.
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Table 2. Correlation between depression-related attention bias indices.
Attentional Attentional Attentional Attentional
Disengagement Disgusted | Disengagement Sad | Engagement Disgusted | Engagement Sad

Fixation Duration to Negative over Positive
Pictures during the Speech (diff in ms)

Overall (full speech) .20 31* 45%* .50%*
Slide 1 (balanced feedback) -.33* -17 -14 -.09
Slide 2 (balanced feedback) .10 -.05 .27 19
Slide 3 (balanced feedback) -.20 -.08 A7 .26
Slide 4 (rejecting feedback) .03 -.01 .06 .08
Slide 5 (rejecting feedback) 13 .10 13 .24
Slide 6 (balanced feedback) .15 .16 .22 .27
Slide 7 (balanced feedback) .34* 41** .38* .28

Notes.

* p<.05;

** p<.01;

https://doi.org/10.1371/journal.pone.0175040.t002

Correlation analyses showed that longer times to both disengage attention from and engage
attention with negative faces in standard conditions were associated with higher sustained
attention to negative over positive pictures (i.e., less fixation duration decrease) from rejecting
to balanced feedback, all rs > .34, all p5 < .05.

Speech effects in stress reactivity and recovery

Mean and standard deviations for both self-reported mood and HRV scores are summarized
in Table 3.

Table 3. Mean and standard deviations of stress reactivity and recovery measures in the study.

M SD
Self-reported Happy mood
Pre-Stress 2.92 2.57
Stress 3.59 2.31
Post-Stress 3.31 2.45
Self-reported Sad mood
Pre-Stress 1.28 2.03
Stress 1.00 1.45
Post-Stress 1.03 1.71
Self-reported Tense mood
Pre-Stress 1.72 1.99
Stress 4.05 2.46
Post-Stress 2.38 2.20
HRV (RMSSD)
Pre-Stress 35.67 20.15
Stress 28.22 14.80
Post-Stress 33.39 19.95

Notes. M = Mean, SD: Standard Deviation

https://doi.org/10.1371/journal.pone.0175040.t003
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Self-reported stress reactivity and recovery. A 3 x 3 mixed design MANCOVA was used
to examine speech effects in VASs scores, with mood state (happiness, sadness, tension) and
assessment time (Time 1: pre-stress, Time 2: during-stress, Time 3: post-stress) as within-sub-
ject factors, and depressive symptom severity as covariate. Analyses revealed a significant two-
way mood state by assessment time interaction, F(4,34) = 5.64, p = .001, n,” = .40, not
accounted by depressive symptom severity, F(4,34) = 0.13, p = .97, n,” = .01. Consequently,
separate analyses were conducted for each mood state. No significant main effects of time
were found either for happiness or sadness, F(2,36) = .85, p = .43, np2 =.04, and F(2,36) = .51,
p=.64, np2 = .03, respectively. For tension, the main effect of time was significant, F(2,36) =
13.18, p =.001, nP2 = .42. Bonferroni post-hoc comparisons showed that there was a significant
increase in the tension level from the pre-stress to the stress period, p = .001, and by a subse-
quent decrease in the tension level from the stress to the post-stress period, p =.001. These
main effects were not qualified by a significant time by depressive symptom severity interac-
tion, F(2,36) = 0.46, p = .63,m,” = .02.

Physiological stress reactivity and recovery. A mixed design ANCOVA with assessment
time (Time 1: pre-stress, Time 2: during-stress, Time 3: post-stress) as within-subject factor,
and depressive symptom severity as covariate was used to test changes in HRV. The main
effect of assessment time was significant, F(2,32) = 5.48, p =.009, ,” = .26. Bonferroni post-
hoc comparisons showed that there was a significant decrease in HRV from the pre-stress to
the stress period, p = .001, and by a subsequent increase in HRV from the stress to the post-
stress period, p = .033. These main effects were not qualified by a significant time by depressive
symptom severity interaction, F(2,32) = 2.18, p = .13, n,> = .12.

Predictors of stress reactivity and recovery

We examined whether individual differences in depression-related attention biases found
under natural and stress conditions were associated with self-reported (i.e., tension) and physi-
ological (i.e., HRV) changes observed in response to the stressor (stress reactivity) and/or dur-
ing the subsequent recovery period (stress recovery). No associations were found for self-
reported tension changes from the pre-stress to the stress period, all rs < 0.22, all p5 > .05.
However, all depression-related attention biases under standard conditions (i.e., attentional
disengagement from and attentional engagement with both disgusted and sad faces) were posi-
tively associated with self-reported tension changes from the stress to the post-stress period, all
rs > 0.41, all p5 < .01. Furthermore, a similar significant association was found for overall fix-
ation duration to negative over positive pictures across the speech and subsequent self-
reported tension changes from the stress to the post-stress period, r = 0.48, p = .002. Regarding
changes in HRV, no significant associations were observed in changes neither from the pre-
stress to the stress period, all rs < 0.16, all p5 > .05, nor from the stress to the post-stress
period, all s < 0.29, all p5 > .05.

Mediational models were used to test the indirect effect of depressive symptom severity lev-
els (predictor) in self-reported stress recovery (tension changes from the stress to the post-
stress period; outcome) via their association with attention biases associated to that change
(attentional disengagement from and attentional engagement with both disgusted and sad
faces, and overall fixation duration to negative over positive pictures across the speech; media-
tors). Mediation models are summarized in Table 4. Analyses showed that neither the total
effect (i.e., effect of depressive symptom severity on self-reported stress recovery without tak-
ing into account attention biases; path c), nor the direct effects (i.e., effect of depressive symp-
tom severity on self-reported stress recovery after controlling for the corresponding attention
bias; path ¢) were significant. However, the indirect effect of each model (i.e., effect of
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Table 4. Serial mediational models tested.

Independent Variable (IV) Mediator (M) Dependent Variable (DV) Total effect (c) | Direct effect (c’) Indirect effect
(ax b) 95% CI
Depressive symptom severity Attentional disengagement Self-reported stress recovery .04 (SE =.01) .03 (SE =.02) .01 (SE =.01) | (.0006 to .0352)
disgusted faces (tension level change)

Depressive symptom severity Attentional disengagement sad Self-reported stress recovery .04 (SE =.01) .02 (SE =.02) .01 (SE =.01) | (.0001 to .0476)
faces (tension level change)

Depressive symptom severity | Attentional engagement disgusted Self-reported stress recovery .04 (SE=.01) .01 (SE=.01) .02 (SE=.01) | (.0079 to. 0485)
faces (tension level change)

Depressive symptom severity | Attentional engagement sad faces Self-reported stress recovery .04 (SE =.01) .01 (SE =.02) .03 (SE =.01) | (.0100 to. 0530)
(tension level change)

Depressive symptom severity | Overall fixation duration to negative | Self-reported stress recovery .04 (SE =.01) .02 (SE =.02) .02 (SE =.01) | (.0026 to. 0459)
over positive pictures during speech (tension level change)

Notes. SE = Standard error

https://doi.org/10.1371/journal.pone.0175040.t1004

depressive symptom severity on self-reported stress recovery via the corresponding attention
bias; path a x b) was significant. Therefore, higher depressive symptom severity levels were
indirectly associated with more positive change scores in the self-reported change measure
(i.e., less stress recovery) via their associations with 1) longer attentional disengagement from
negative faces, 2) longer attentional engagement with negative faces, and 3) longer fixation
duration to negative over positive pictures during the speech.

Further analyses: Suspiciousness during the speech

Regarding to whether participants suspected that they were not being video recorded during
the speech, a 20.5% reported suspiciousness about this issue. Regarding to whether participants
suspected that there were no evaluators online connected during their speech, a 35.9%
reported suspiciousness about it. Further analyses were conducted comparing participants
who reported any type of suspiciousness (n = 14) and participants who did not report any sus-
piciousness on the false feedback design (n = 25). Analyses showed that groups did not show
different patterns of sustained attention to negative over positive feedback during the speech,
F(1,37) = 0.61, p = .44, n,” = .02, and were not characterized by different patterns of change
either in self-reported stress, F(2,36) = 0.08, p = .92, np2 =.01, or HRV measures, F(2,32) =
0.49, p =.62,m,” = .03, across the stress induction procedure. Therefore, the degree of suspi-
ciousness did not differently affect to responses in the stress induction procedure observed in
the main analyses.

Discussion

Attention biases during natural viewing of social information (i.e., sustained attention to nega-
tive faces as the result of difficulties disengaging from them [8] are thought to be key aspects in
depression development and maintenance [6]. However, little is known on the specific condi-
tions where such mechanisms operate (e.g., whether these depression-related attention biases
emerge under socially stressful situations, such as giving a speech). The present study was
aimed to clarify: 1) the presence of depression-related attention bias related to a social stressor,
2) its association with depression-related difficulties disengaging attention from negative faces
as measured under standard conditions, and 3) the association of these maladaptive attention
processes with stress reactivity and recovery.

Our design involved the assessment of attention biases to emotional faces during standard
conditions, using a previously validated eye-tracking paradigm (the attentional engagement-
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disengagement task; [10]), which was followed by an impromptu speech where eye-tracking
was used to monitor gaze patterns towards social feedback during a stressful socio-evaluative
situation. Results with the attentional-disengagement task replicate previous findings [10].
Higher depression severity levels were associated with longer times to move gaze away from
negative faces when participants were prompted to engage with an opposite neutral counter-
part. This effect was similar to the one previously reported [10], where clinically depressed
compared to control individuals were characterized by longer times to disengage their atten-
tion from sad faces. Of note, whereas the previous study found evidence of this attentional dis-
engagement bias for sad but not angry faces [10], in the present study we found support for an
association between higher depression severity levels and longer attentional disengagement
biases from both sad and disgusted faces. Although both angry and disgusted expressions com-
prise a threatening signal with social meaning (“social disapproval”), research has shown that
disgusted faces may comprise a greater social-threat perception than angry faces (e.g., [37]).
The fact that depression level was associated with attentional disengagement from mood-con-
gruent (sad faces) but also with social disapproval signals (disgusted faces) provides initial
support for the prediction that depression-related attention biases may be at the basis of diffi-
culties in social interactions (e.g., [11]).

Furthermore, higher depression severity levels were also associated with longer times to
move gaze away from neutral faces when prompted to engage with emotional counterparts,
and this bias was especially pronounced for negative faces (i.e., delayed engagement with both
sad and disgusted faces). Given the nature of this paradigm (engagement-disengagement pat-
terns after 3,000 ms of free viewing), slower attentional engagement with emotional faces
observed in this study might reflect a volitional avoidance of processing of emotional informa-
tion once it has already been processed rather than a deficit in the attentional capture by emo-
tional features. Further research is necessary to clarify the nature of this pattern. Future studies
should test whether delayed attentional engagement patterns specifically emerge under late-
processing conditions (after 3,000 ms of free viewing) in contrast to early-processing condi-
tions (initial engagement patterns when emotional faces are presented).

We aimed to clarify whether depression-related attention bias would also emerge under
specific stressful socio-evaluative conditions. First, our findings in the impromptu speech sup-
port an association between higher depression severity levels and sustained attention to nega-
tive social signals across the speech. In line with recent research using this eye-tracking based
paradigm [16], maladaptive attention processing of social information during the socio-evalu-
ative condition was evidenced by longer times attending to negative than to positive pictures
in the audience. Our study is the first to examine this association in depression, suggesting that
this can be a common pattern of processing in problems associated to difficulties in social
interactions. Furthermore, the paradigm employed in our study had the advantage of present-
ing social feedback in dynamic change, which may better address the way attentional process-
ing is driven during real social interactions [17]. The specific dynamic change pattern
employed in our paradigm (i.e., balanced-rejecting-balanced feedback) allowed disentangling
specific contexts were depression-related attention biases emerged. Whereas depression sever-
ity level was associated with longer fixation duration to negative over positive pictures during
balanced feedback contexts (similar to results observed in other social interaction problems;
[15, 16]), when feedback changed to a clearly rejecting audience, participants across all depres-
sion severity levels were characterized by sustained attention to negative over positive pictures.
Post-hoc comparisons clarified this pattern by showing that whereas dysphoric individuals
were characterized by a fixed pattern of sustained attention to negative over positive pictures
across the speech, non-dysphoric individuals showed a flexible pattern of processing: balanced
attentional processing of negative and positive pictures when receiving balanced feedback, but
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increases of attention towards negative pictures when the audience increased its level of social
rejection. These findings suggest that adaptive processing of social information may be charac-
terized by flexible attention towards negative and positive social signals, as a function of
contextual changes. In contrast, individuals at high levels of depression severity would be char-
acterized by inflexible patterns of processing, not adjusting their processing of social signals to
the contextual demands. This pattern was directly visible by changes in attention from reject-
ing feedback (slide 5) to subsequent balanced feedback (slide 7): whereas non-dysphoric par-
ticipants adjusted their attentional processing, reducing their attention to negative pictures in
the following balanced context, dysphoric participants continued showing sustained attention
to negative pictures, regardless the change in the social context.

The second aim of the study was to examine whether depression-related attention biases
assessed during standard conditions (delayed engagement with social information and diffi-
culties disengaging from negative social signals when attention is captured by them) would be
associated with specific attentional processing under stressful socio-evaluative conditions. Our
results indicate that both depression-related delayed disengagement from and engagement
with negative faces were associated with sustained attention in negative over positive pictures
across the speech. Importantly, when specific dynamic changes during the speech were taken
into account, patterns of both delayed engagement with and disengagement from negative
faces were associated with more sustained attention to negative over positive pictures after
receiving rejecting feedback (slide 7). Depression-related difficulties disengaging attention
from negative faces were also associated with sustained attention to negative pictures when
social feedback changed from rejecting to balanced (from slide 5 to slide 7), indicating that
participants characterized by attentional disengagement difficulties under standard conditions
also showed less flexible patterns in adjusting their attention to the contextual change in the
socio-evaluative situation.

Taken together, these findings may help to contextualize attentional mechanisms during
social interactions, elucidating the mechanisms behind enduring negative views of oneself and
the situation in depressed individuals. Depressed individuals tend to perceive social interac-
tions as negative and attribute negative outcomes derived from them to themselves [46, 47].
The subjective experience of social interactions in depressed patients has been characterized
by a diminished desire to socially interact and a common experience of fear to be involved in
them [48]. The presence of depression-related biases comprising both delayed engagement
with social information, but also delayed disengagement when attention is captured by nega-
tive signals, may not only be explained by these motivational states, but may also further inten-
sify these negative cognitions. First, if further research is able to replicate the presence of
depression-related delayed engagement with social information (emotional faces) this bias
could be reflecting a mechanism of avoidance to engage in social interactions. Based on signifi-
cant correlations found in our study, this avoidance mechanism might result in a sustained
processing of negative feedback in depressed individuals when they cannot avoid being
involved in those situations (fixation duration to negative feedback across the speech). A sec-
ond mechanism comprising difficulties to disengage attention from negative social informa-
tion when it is attended might help to explain inflexible processing of social feedback during
dynamic interactions. The fact that disengagement biases were associated with reduced regula-
tion of attention from clearly rejecting to subsequent balanced socio-evaluative feedbacks in
the speech suggests: 1) that depressed individuals may experience difficulties disengaging
attention from negative signals during socio-evaluative conditions in a similar way that they
do during natural processing conditions, and 2) that this impairment may emerge when regu-
lation of attention resources is required (inhibit processing of negative social signals when the
context changes to a more balanced social feedback). Although these results are preliminary
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and require further replication, they may help to identify different mechanisms by which
depressed individuals would experience sustained negative affect and post-event ruminations
after being involved in stressful social interactions (e.g., [12]).

The last aim of the study was to replicate and extend previous evidence on the association
of depression-related attention biases with inefficient regulation of social stress responses [10].
Replicating previous findings, mediation analyses showed that depression-related biases in the
disengagement from negative faces were related to higher stress levels during the recovery
phase (i.e., poorer stress regulation after the stressful socio-evaluative situation). This finding
is also congruent with previous results supporting an association between impaired attentional
disengagement and changes in negative mood in other stress induction paradigms [49, 50].
Furthermore, a similar mediational model was supported for depression-related biases in the
engagement with negative faces, indicating that both attention mechanisms may contribute to
sustained stress levels in depression. Importantly, when the role of fixation duration to nega-
tive over positive feedback during the speech was considered in the model, a similar mediation
model was supported. Overall, these results indicate that higher depression severity levels were
associated with sustained stress levels via their associations with 1) longer attentional dis-
engagement from negative faces, 2) longer attentional engagement with negative faces, and 3)
longer sustained attention to negative over positive pictures during the speech. Delayed
engagement with social information and difficulties disengaging from negative signals when
they are attended may preclude depressed people from using an effective attention processing
when confronted with social interactions (flexible dynamic changes in attention during the
speech, as observed in non-dysphoric participants), resulting in sustained processing of nega-
tive information. In turn, inflexible processing of negative social signals might interfere with
the ability to successfully reframe negative situations using reappraisal and contribute to the
continuous post-processing of negative information observed in depressed individuals, such as
rumination [51], leading to prolonged negative affect [6].

On an exploratory basis, we also examined whether such associations would be replicated
using objective physiological indictors of stress regulation (HRV). Although the speech task
has been effective on inducing HRV decreases as an effect of stress [34] and HRV increases as
an indicator of successful emotion regulation during recovery [35] in our sample, we did not
find evidence for significant direct associations between depression severity level and HRV
changes. In a similar vein, other studies with analogue samples have failed to find differences
between dysphoric and non-dysphoric individuals in HRV responses to stress (e.g., [52]),
whereas depression level is found to be a predictor of dysfunctional HRV in response to stress
in clinical samples (e.g., [53]). Further research will require testing the association of depres-
sion-related attention biases with objective measures of stress regulation (i.e., HRV increases)
in clinically depressed samples. Furthermore, the non-clinical nature of the recruited sample
and the assessment of depressive symptom severity via a self-report measure limit to some
extent the generalizability of our findings. Further investigation of attention processes under
dynamic socio-evaluative conditions, its connection with depression-related attention biases
under standard conditions, and its role in stress regulation processes is needed across different
samples representing the depression course (i.e., samples of non-depressed at-risk, clinically
depressed, and formerly depressed individuals). The cross-sectional nature of our design also
precludes causal conclusions regarding the assumed influence of depression-related attention
biases on gaze behavior during socio-evaluative conditions as well as on the role of those
biased attention patterns in stress regulation. Direct proofs of cause-and-effect relations will
require experimental manipulation of attention biases (e.g., via attention training) to examine
training-related changes in attention behavior to social feedback and in the regulation of social
stress responses.
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To summarize, the novel eye-tracking paradigms we used allowed for the continuous
monitoring and direct estimations of visual attention processes involved in the processing
of social information. This methodology holds potential to increase our insight into the
potential involvement of attention biases in social difficulties observed in depression, sug-
gesting that depression-related biases emerge under both standard and socio-evaluative con-
ditions, and that they may share a common predictive role in emotional dysregulation of
social stress.

Supporting information

S1 File. Dataset. Original data set of all measurements mentioned in this manuscript.
(SAV)

Acknowledgments

This research was supported by a grant of the Research Foundation Flanders (FWO, reference
117438) awarded to Alvaro Sanchez and a grant BOF16/GOA/017 for a Concerted Research
Action of Ghent University awarded to Rudi De Raedt. We thank Pierre Maurage for his help
in developing and creating the stimuli employed in the stress induction paradigm.

Author Contributions
Conceptualization: AS RDR.

Data curation: AS NR.

Formal analysis: AS.

Funding acquisition: AS RDR.
Investigation: AS NR.

Methodology: AS RDR.

Project administration: AS.
Resources: RDR.

Software: AS.

Supervision: RDR.

Validation: AS NR.

Visualization: AS.

Writing - original draft: AS NR RDR.
Writing - review & editing: AS NR RDR.

References

1. Clark DA, Beck AT, Alford BA. Scientific foundations of cognitive therapy and therapy of depression.
New York: John Wiley & Sons; 1999.

Ingram RE. Origins of cognitive vulnerability to depression. Cognitive Ther Res. 2003; 27(1):77-88.

3. Williams JM, Watts FN, MacLeod C, Mathews A. Cognitive psychology and emotional disorders. 2nd
ed. Chichester, U.K.: John Wiley & Sons; 1997.

PLOS ONE | https://doi.org/10.1371/journal.pone.0175040 March 31,2017 21/24


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175040.s001
https://doi.org/10.1371/journal.pone.0175040

@° PLOS | ONE

Depression, attention and stress recovery

10.

11.
12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Macleod C, Mathews A, Tata P. Attentional Bias in Emotional Disorders. J Abnorm Psychol. 1986;
95(1):15-20. PMID: 3700842

Fox E, Russo R, Bowles R, Dutton K. Do threatening stimuli draw or hold visual attention in subclinical
anxiety? J Exp Psychol Gen. 2001; 130(4):681-700. PMID: 11757875

De Raedt R, Koster EHW. Understanding vulnerability for depression from a cognitive neuroscience
perspective: A reappraisal of attentional factors and a new conceptual framework. Cogn Affect Behav
Ne. 2010; 10(1):50-70.

Peckham AD, McHugh RK, Otto MW. A Meta-Analysis of the Magnitude of Biased Attention in Depres-
sion. Depress Anxiety. 2010; 27(12):1135—42. https://doi.org/10.1002/da.20755 PMID: 21049527

Gotlib IH, Joormann J. Cognition and Depression: Current Status and Future Directions. Annu Rev Clin
Psycho. 2010; 6:285-312.

Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders: A meta-analytic review
and synthesis. Clin Psychol Rev. 2012; 32(8):704-23. https://doi.org/10.1016/j.cpr.2012.09.004 PMID:
23059623

Sanchez A, Vazquez C, Marker C, LeMoult J, Joormann J. Attentional Disengagement Predicts Stress
Recovery in Depression: An Eye-Tracking Study. J Abnorm Psychol. 2013; 122(2):303—13. https://doi.
org/10.1037/a0031529 PMID: 23421524

Gotlib IH, Hammen C. Handbook of depression. New York: Guilford Press; 2002.

Kashdan TB, Roberts JE. Social anxiety, depressive symptoms, and post-event rumination: Affective
consequences and social contextual influences. J Anxiety Disord. 2007; 21(3):284-301. https://doi.org/
10.1016/j.janxdis.2006.05.009 PMID: 16859889

Hansen CH, Hansen RD. Automatic emotion: attention and facial efference. In: Niedenthal PM,
Kitayama S, editors. The Heart's Eye: Emotional Influences in Perception and Attention. New York:
Academic; 1997. p. 217-43.

Joormann J, D’Avanzato C. Emotion regulation in depression: Examining the role of cognitive pro-
cesses. Cognition Emotion. 2010; 24(6):913-39.

Lowe R, Guastella AJ, Chen NTM, Menzies RG, Packman A, O’'Brian S, et al. Avoidance of eye gaze
by adults who stutter. J Fluency Disord. 2012; 37(4):263—74. https://doi.org/10.1016/}.jfludis.2012.04.
004 PMID: 23218210

Lin MY, Hofmann SG, Qian MY, Kind S, Yu HY. Attention allocation in social anxiety during a speech.
Cognition Emotion. 2016; 30(6):1122-36. https://doi.org/10.1080/02699931.2015.1050359 PMID:
26222127

Risko EF, Laidlaw K, Freeth M, Foulsham T, Kingstone A. Social attention with real versus reel stimuli:
toward an empirical approach to concerns about ecological validity. Front Hum Neurosci. 2012; 6.

Rottenberg J. Cardiac vagal control in depression: A critical analysis. Biol Psychol. 2007; 74(2):200-11.
https://doi.org/10.1016/j.biopsycho.2005.08.010 PMID: 17045728

Gianaros PJ, Salomon K, Zhou F, Owens JF, Edmundowicz D, Kuller LH, et al. A greater reduction in

high-frequency heart rate variability to a psychological stressor is associated with subclinical coronary
and aortic calcification in postmenopausal women. Psychosom Med. 2005; 67(4):553-60. https://doi.

org/10.1097/01.psy.0000170335.92770.7a PMID: 16046367

Berntson GG, Bigger JT, Eckberg DL, Grossman P, Kaufmann PG, Malik M, et al. Heart rate variability:
Origins, methods, and interpretive caveats. Psychophysiology. 1997; 34(6):623—48. PMID: 9401419

Ahs F, Sollers JJ, Furmark T, Fredrikson M, Thayer JF. High-frequency heart rate variability and cor-
tico-striatal activity in men and women with social phobia. Neuroimage. 2009; 47(3):815—-20. https://doi.
org/10.1016/j.neuroimage.2009.05.091 PMID: 19505585

Kemp AH, Quintana DS, Gray MA, Felmingham KL, Brown K, Gatt JM. Impact of Depression and Anti-
depressant Treatment on Heart Rate Variability: A Review and Meta-Analysis. Biol Psychiat. 2010; 67
(11):1067—-74. https://doi.org/10.1016/j.biopsych.2009.12.012 PMID: 20138254

Thayer JF, Hansen AL, Saus-Rose E, Johnsen BH. Heart Rate Variability, Prefrontal Neural Function,
and Cognitive Performance: The Neurovisceral Integration Perspective on Self-regulation, Adaptation,
and Health. Ann Behav Med. 2009; 37(2):141-53. https://doi.org/10.1007/s12160-009-9101-z PMID:
19424767

Clark LA, Watson D. Tripartite model of anxiety and depression—Psychometric evidence and taxo-
nomic implications. J Abnorm Psychol. 1991; 100(3):316-36. PMID: 1918611

Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory—II. Texas: Psychological
Corporation; 1996.

PLOS ONE | https://doi.org/10.1371/journal.pone.0175040 March 31,2017 22/24


http://www.ncbi.nlm.nih.gov/pubmed/3700842
http://www.ncbi.nlm.nih.gov/pubmed/11757875
https://doi.org/10.1002/da.20755
http://www.ncbi.nlm.nih.gov/pubmed/21049527
https://doi.org/10.1016/j.cpr.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23059623
https://doi.org/10.1037/a0031529
https://doi.org/10.1037/a0031529
http://www.ncbi.nlm.nih.gov/pubmed/23421524
https://doi.org/10.1016/j.janxdis.2006.05.009
https://doi.org/10.1016/j.janxdis.2006.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16859889
https://doi.org/10.1016/j.jfludis.2012.04.004
https://doi.org/10.1016/j.jfludis.2012.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23218210
https://doi.org/10.1080/02699931.2015.1050359
http://www.ncbi.nlm.nih.gov/pubmed/26222127
https://doi.org/10.1016/j.biopsycho.2005.08.010
http://www.ncbi.nlm.nih.gov/pubmed/17045728
https://doi.org/10.1097/01.psy.0000170335.92770.7a
https://doi.org/10.1097/01.psy.0000170335.92770.7a
http://www.ncbi.nlm.nih.gov/pubmed/16046367
http://www.ncbi.nlm.nih.gov/pubmed/9401419
https://doi.org/10.1016/j.neuroimage.2009.05.091
https://doi.org/10.1016/j.neuroimage.2009.05.091
http://www.ncbi.nlm.nih.gov/pubmed/19505585
https://doi.org/10.1016/j.biopsych.2009.12.012
http://www.ncbi.nlm.nih.gov/pubmed/20138254
https://doi.org/10.1007/s12160-009-9101-z
http://www.ncbi.nlm.nih.gov/pubmed/19424767
http://www.ncbi.nlm.nih.gov/pubmed/1918611
https://doi.org/10.1371/journal.pone.0175040

@° PLOS | ONE

Depression, attention and stress recovery

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Van der Does AJW. Handleiding bij de Nederlandse versie van de Beck Depression Inventory—second
edition (BDI-II-NL). [The Dutch version of the Beck Depresion Inventory-Il]. Lisse, The Netherlands:
Swets & Zeitlinger; 2002.

Spielberger CD. Manual for the State—Trait Anxiety Inventory (FormY). Palo Alto, CA: Mind Garden;
19883.

Watson D, Friend R. Measurement of social-evaluative anxiety. J Consult Clin Psych. 1969; 33(4):448—
&.

Nolen-Hoeksema S, Morrow J. A prospective study of depression and posttraumatic stress symptoms
after a natural disaster: the 1989 Loma Prieta Earthquake. Journal of Personality and Social Psychol-
ogy. 1991; 61(1):115-21. PMID: 1890582

Garnefski N, Kraaij V. The Cognitive Emotion Regulation Questionnaire—Psychometric features and
prospective relationships with depression and anxiety in adults. Eur J Psychol Assess. 2007; 23
(3):141-9.

Cottyn J, De Clercq D, Pannier JL, Crombez G, Lenoir M. The measurement of competitive anxiety dur-
ing balance beam performance in gymnasts. Journal of Sports Sciences. 2006; 24:157—64. https://doi.
org/10.1080/02640410500131571 PMID: 16368625

Tarvainen MP, Niskanen JP, Lipponen JA, Ranta-aho PO, Karjalainen PA. Kubios HRV—Heart rate
variability analysis software. Comput Meth Prog Bio. 2014; 113(1):210-20.

Thayer JF, Lane RD. The role of vagal function in the risk for cardiovascular disease and mortality. Biol
Psychol. 2007; 74(2):224—42. https://doi.org/10.1016/j.biopsycho.2005.11.013 PMID: 17182165

Delaney JPA, Brodie DA. Effects of short-term psychological stress on the time and frequency domains
of heart-rate variability. Perceptual and Motor Skills. 2000; 91(2):515-24. https://doi.org/10.2466/pms.
2000.91.2.515 PMID: 11065312

Thayer JF, Ahs F, Fredrikson M, Sollers JJ, Wager TD. A meta-analysis of heart rate variability and neu-
roimaging studies: Implications for heart rate variability as a marker of stress and health. Neurosci Bio-
behav R. 2012; 36(2):747-56.

Langner O, Dotsch R, Bijlstra G, Wigboldus DHJ, Hawk ST, van Knippenberg A. Presentation and vali-
dation of the Radboud Faces Database. Cognition Emotion. 2010; 24(8):1377-88.

Amir N, Klumpp H, Elias J, Bedwell JS, Yanasak N, Miller LS. Increased activation of the anterior Cingu-
late cortex during processing of disgust faces in individuals with social phobia. Biol Psychiat. 2005; 57
(9):975-81. https://doi.org/10.1016/j.biopsych.2005.01.044 PMID: 15860337

Waugh CE, Panage S, Mendes WB, Gotlib IH. Cardiovascular and affective recovery from anticipatory
threat. Biol Psychol. 2010; 84(2):169-75. https://doi.org/10.1016/j.biopsycho.2010.01.010 PMID:
20096747

Ellis AJ, Beevers CG, Wells TT. Attention Allocation and Incidental Recognition of Emotional Informa-
tion in Dysphoria. Cognitive Ther Res. 2011; 35(5):425-33.

Crane HD, Steele CM. GENERATION-V DUAL-PURKINJE-IMAGE EYETRACKER. Applied Optics.
1985; 24(4):527-37. PMID: 18216982

Schneider W, Eschman A, Zuccolotto A. E-Prime User’s Guide. Pittsburgh: Psychology Software
Tools, Inc; 2012.

Macht M, Mueller J. Immediate effects of chocolate on experimentally induced mood states. Appetite.
2007; 49(3):667-74. https://doi.org/10.1016/j.appet.2007.05.004 PMID: 17597253

Segal ZV, Kennedy S, Gemar M, Hood K, Pedersen R, Buis T. Cognitive reactivity to sad mood provo-
cation and the prediction of depressive relapse. Arch Gen Psychiat. 2006; 63(7):749-55. https://doi.org/
10.1001/archpsyc.63.7.749 PMID: 16818864

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing indirect
effects in multiple mediator models. Behav Res Methods. 2008; 40(3):879-91. PMID: 18697684

Hayes AF. Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium. Commun
Monogr. 2009; 76(4):408-20.

Beck AT, Rush AJ, Shaw AM, Emery G. Cognitive therapy for depression. New York: Guilford Press;
1979.

Joiner T, Coyne JC. Advances in interpersonal approaches: the interactional nature of depression.
Washington: American Psychological Association; 1999.

Rice NM, Grealy MA, Javaid A, Serrano RM. Understanding the Social Interaction Difficulties of Women
With Unipolar Depression. Qual Health Res. 2011; 21(10):1388-99. https://doi.org/10.1177/
1049732311406449 PMID: 21498827

Compton RJ. Ability to disengage attention predicts negative affect. Cognition Emotion. 2000;
14(3):401-15.

PLOS ONE | https://doi.org/10.1371/journal.pone.0175040 March 31,2017 23/24


http://www.ncbi.nlm.nih.gov/pubmed/1890582
https://doi.org/10.1080/02640410500131571
https://doi.org/10.1080/02640410500131571
http://www.ncbi.nlm.nih.gov/pubmed/16368625
https://doi.org/10.1016/j.biopsycho.2005.11.013
http://www.ncbi.nlm.nih.gov/pubmed/17182165
https://doi.org/10.2466/pms.2000.91.2.515
https://doi.org/10.2466/pms.2000.91.2.515
http://www.ncbi.nlm.nih.gov/pubmed/11065312
https://doi.org/10.1016/j.biopsych.2005.01.044
http://www.ncbi.nlm.nih.gov/pubmed/15860337
https://doi.org/10.1016/j.biopsycho.2010.01.010
http://www.ncbi.nlm.nih.gov/pubmed/20096747
http://www.ncbi.nlm.nih.gov/pubmed/18216982
https://doi.org/10.1016/j.appet.2007.05.004
http://www.ncbi.nlm.nih.gov/pubmed/17597253
https://doi.org/10.1001/archpsyc.63.7.749
https://doi.org/10.1001/archpsyc.63.7.749
http://www.ncbi.nlm.nih.gov/pubmed/16818864
http://www.ncbi.nlm.nih.gov/pubmed/18697684
https://doi.org/10.1177/1049732311406449
https://doi.org/10.1177/1049732311406449
http://www.ncbi.nlm.nih.gov/pubmed/21498827
https://doi.org/10.1371/journal.pone.0175040

o ®
@ ' PLOS | ONE Depression, attention and stress recovery

50. Ellenbogen MA, Schwartzman AE, Stewart J, Walker CD. Automatic and effortful emotional information
processing regulates different aspects of the stress response. Psychoneuroendocrino. 2006; 31
(3):373-87.

51. De Lissnyder E, Koster EHW, Derakshan N, De Raedt R. The association between depressive symp-
toms and executive control impairments in response to emotional and non-emotional information. Cog-
nition Emotion. 2010; 24(2):264-80.

52. Light KC, Kothandapani RV, Allen MT. Enhanced cardiovascular and catecholamine responses in
women with depressive symptoms. Int J Psychophysiol. 1998; 28(2):157—66. PMID: 9545653

53. Sheffield D, Krittayaphong R, Cascio WE, Light KC, Golden RN, Finkel JB, et al. Heart rate variability at
rest and during mental stress in patients with coronary artery disease: Differences in patients with high
and low depression scores. Int J Behav Med. 1998; 5(1):31-47. https://doi.org/10.1207/
$15327558ijbm0501_3 PMID: 16250714

PLOS ONE | https://doi.org/10.1371/journal.pone.0175040 March 31,2017 24/24


http://www.ncbi.nlm.nih.gov/pubmed/9545653
https://doi.org/10.1207/s15327558ijbm0501_3
https://doi.org/10.1207/s15327558ijbm0501_3
http://www.ncbi.nlm.nih.gov/pubmed/16250714
https://doi.org/10.1371/journal.pone.0175040

