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Summary
Objectives. — Studies have reported that depressed patients have difficulties in disengaging
attention from negative information, but knowledge of the temporal characteristics of this
disengagement is still rudimentary. Our objective is to reveal the temporal characteristics of
attentional disengagement from emotional facial cues in depression.
Methods. — We recruited 22 depressed patients and 22 healthy controls to participate in a cued
target-response task with emotional facial expressions (happy, natural, and sad) as cues and
three types of cue-target intervals (CTIs: 350 ms, 1000 ms, and 1500 ms). Both behavioral and
electroencephalography (EEG) data were collected from each subject while performing the
task. Then, both behavioral results and event-related potentials (ERPs) were analyzed across
groups (depressed patients and normal controls), emotional types of facial cues (happy, natural,

and sad), and CTIs.
Results. — Both depressed patients and healthy controls had shorter response times in the
conditions of CTI = 1000 ms and 1500 ms than in the condition of CTI = 350 ms but had no sig-
nificant difference in response time between the conditions of CTI = 1000 ms and CTI = 1500 ms.
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The contingent negative variation (CNV), a well-documented ERP marker of cue-induced expec-
tation of the forthcoming target, clearly appeared about 1000 ms following cue onset for
normal controls and 1300 ms following cue onset for depressed patients. Statistical analysis
by repeated-measures Anova showed that a main group effect exists for the average ampli-
tudes of ERPs at electrode Cz 930 ms after cue onset, while there was no main effect of cue or
interaction effect between cue and group.
Discussion. — These results suggest that normal controls complete their attentional disengage-
ment from emotional facial expression between 350 ms to 1000 ms after cue offset, while
depressed patients complete their attentional disengagement later than that of normal con-
trols but earlier than 1500 ms from the perspective of CNV onset, though the two groups have
no significant difference in response time in the conditions of CTI = 1000 ms and CTI = 1500 ms
respectively.
© 2019 Elsevier Masson SAS. All rights reserved.
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ntroduction

epression is one of the most prevalent psychiatric disor-
ers, characterized by sustained negative affect and loss
f pleasure [1]. Cognitive theories of depression suggest
hat depressed patients exhibit biases in emotional mate-
ial processing [13]. Beck proposed a theory that long-term
emory representations lead individuals to filter informa-

ion from their environment [2]. Furthermore, the memory
epresentations of depressed patients were speculated to
ontain themes of loss, separation, failure, worthlessness
nd other negative features; thus, depressed patients will
xhibit a systematic bias in their processing of environmen-
al information related to these negative themes [2]. In
ddition, another study found that the theme-processing
ias in depression was influenced by promoting the salience
f negative material and reducing the salience of positive
aterial [16].
Related to the prediction of specific theme-processing

ias, studies have examined negative attentional bias,
here depressed patients, compared with healthy con-

rols, showed enhanced attention towards negative material
ather than neutral material [6,11,14,15,19,24]. For exam-
le, in a dot-probe task using emotional faces as cues,
otlib et al. found that depressed participants, com-
ared with non-depressed participants, more easily directed
heir attention selectively to negative faces (presented
or 1000 ms) than to non-negative faces [14]. Later, in

meta-analysis of 12 dot-probe experiments, Peckham
t al. found a significant difference in the magnitude of
he attentional bias between depressed and control par-
icipants [25]. In recent years, eye-tracking technology,
hich allows continuous monitoring of focus of gaze and
rovides indicators of attention, has been used to investi-
ate attentional bias. Eizenman et al. found that depressed

atients had significantly longer average glance durations
or pictures with themes of sadness and failure, compared
ith non-depressed controls [10]. In another eye-tracking

tudy, Caseras et al. found that depressed patients were

r
i
o
B

ot more likely than non-depressed controls to shift their
ttention toward negative expressions, but spent significan-
ly more time looking at negative expressions once their
ttention was focused on them [4]. These findings suggest
hat depressed patients are characterized by having difficul-
ies in disengagement from negative information rather than
rienting attention toward negative information [13]. More-
ver, it has been claimed that the assessment of attentional
isengagement is important in interpreting the attentional
ias in depression [21].

Presently, findings regarding impaired disengagement
rom negative material are mostly associated with visuo-
patial tasks which focus on attentional shifts in space.
tudies on dysfunctional attentional inhibition to negative
aterials also used spatial distractor paradigms. For exam-
le, using a negative affective priming task, in which each
rial consisted of two adjectives presenting as target and
istractor respectively, Joormann et al. assessed the rela-
ions between inhibition and individual differences in the
abitual use of rumination, reappraisal, and expressive sup-
ression in depressed patients [19]. However, the study of
he temporal characteristics of attentional disengagement
n depression is rare. Human emotional facial expression is
ypically responsive to social interactions, and this respon-
iveness may be an indicator of effects on social function in
epression [7]. Moreover, for depressed patients, knowledge
f the consequences of continued attention to emotional
acial expressions when processing a following target is
till rudimentary. It has been reported that former visual
xpressions would influence subjects’ response to subse-
uent stimuli, especially in the case of a short cue-target
nterval (CTI) (450∼500 ms) [9]. In our previous study, var-
ous CTIs (i.e., Exp. I: 17 ms, 350 ms and 1000 ms; Exp. II:
00 ms and 1500 ms) were used to investigate the influence
f different emotional facial cues on the detection of sub-
equent visual digit targets [5]. The results showed that
esponse time was faster as the CTI increased in both exper-

ments, which suggested that attentional disengagement
ccurred between 350 ms and 1000 ms in healthy controls.
ased on the results that depressed patients had difficulties
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Table 1 The demographic data [mean (std)] of the subjects.

MDD (N = 22) HC (N = 22) T (38)/�2 P value

Age 31.68 (9.75) 33.91 (8.93) − 0.79 0.434
Gendera(males/females) 12/10 9/13 0.801 0.371
Education years 13.85 (2.46) 14.55 (3.33) − 0.756 0.454
HAMA 11.77 (2.22) 1.23 (1.02) 20.22 < 0.001
HAMD 23.14 (3.71) 2.14 (2.25) 22.71 < 0.001
SAS 55.50 (7.79) 32.14 (5.29) 12.51 < 0.001
SDS 66.68 (9.29) 36.50 (6.47) 11.64 < 0.001

MDD: major depressive disorder; HC: healthy controls; HAMA: Hamilton Rating Scale for Anxiety; HAMD: Hamilton Rating Scale for
sion
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9-point scale (1 = ‘‘extremely negative valence, extremely
low arousal’’ to 9 = ‘‘extremely positive valence, extremely
Depression; SAS: Self-rating Anxiety Scale; SDS: Self-rating Depres
a Chi2 test were used for gender comparison.

in disengaging from negative information [13], we hypothe-
sized that depressed patients need more time to disengage
their attention from emotional facial cues than healthy
controls. Thus, in this study, we adopted a similar cued
target-response task with emotional facial expressions as
cues, using three types of CTIs (i.e., 350 ms, 1000 ms and
1500 ms) to explore the temporal characteristics of atten-
tional disengagement in depression.

In addition to the behavioral responses with respect to
the different CTIs, the event-related potential (ERP) is a
suitable tool to investigate the temporal characteristics of
attentional disengagement, as it has high temporal resolu-
tion and can monitor the whole neural processes engaged in
a cognitive function [7,23]. In a cued reaction time experi-
ment, a negative ERP wave, called the contingent negative
variation (CNV), is present in the period between the pre-
sentation of the warning stimulus and the response stimulus
[27]. CNV has also been observed in other studies [3,12,18].
Generally, CNV is a well-documented ERP marker appearing
over frontal—central areas that reflects motor preparation
[27]. Moreover, CNV located within Broadmann’s area 6 may
also reflect attention and expectation [20]. Considering that
adequate preparation for the forthcoming response indi-
cates attentional disengagement from the former cues, we
used CNV as a biomarker to monitor depressed patients’
attentional disengagement from emotional facial cues in
addition to the behavioral responses in this study.

Based on the previous studies, we hypothesized that
healthy subjects would have their attentional disengage-
ment from emotional facial expression during a particular
period (possibly 350 ms to 1000 ms) after the end of cue pre-
sentation, while depressed patients may need more time
to disengage their attention from emotional facial cues
than healthy controls. Correspondingly, a CNV was expected
to appear only in the condition of a CTI long enough to
allow complete attentional disengagement. To examine this
hypothesis and whether depressed patients have different
temporal characteristics of disengagement from emotional
facial cues compared with healthy controls, we recruited 22
depressed patients and 22 healthy controls to take a cued
target-response task with emotional facial expressions as
cues, using three types of CTIs (i.e., 350, 1000 and 1500 ms).

EEG signals and behavioral responses were recorded dur-
ing the experiment. ERPs (especially CNVs) were used to

h
f

Scale; std: standard deviation.

nvestigate the temporal characteristics of attentional dis-
ngagement from emotional facial expression in depression.

ethods

articipants

n this study, we enrolled 22 outpatients with major depres-
ive disorder (MDD) and 22 healthy controls (HC), matched
or age, gender, and education (Table 1). All the MDD
ubjects, recruited from Shanghai Mental Health Center,
hanghai, China, fulfilled ICD-10 diagnosis criteria for MDD
nd had no history of manic episodes. All the HCs, recruited
rom the local community in Shanghai, had no history of
sychosis, substance or alcohol abuse. All the subjects
ad normal or corrected-to-normal vision. All the subjects
greed to participate in this study with written informed
onsent after complete description of the study, and were
ompensated for their time. Before the experimental ses-
ion, all subjects took assessments of Hamilton Rating Scale
or Anxiety (HAMA), Hamilton Rating Scale for Depres-
ion (HAMD), Self-rating Anxiety Scale (SAS) and Self-rating
epression Scale (SDS) by attending doctors or senior doc-
ors. All HCs received scores in the normal range (Table 1).
xperimental protocols, proposed in compliance with the
elsinki Declaration, were reviewed and approved by the
thics Committee of Shanghai Mental Health Center.

aterials

he cues used in this study included 12 happy, 12 neutral and
2 sad facial pictures, as well as 5 control pictures of neu-
ral objects (e.g. desk). The emotional facial pictures were
elected from the Nimstim facial picture set [26] by rat-
ng experiment. All the 171 facial pictures were converted
nto gray color with the same average luminance and the
air in each facial picture was cut off. Then, 10 healthy
tudents from Shanghai Jiao Tong University rated the 171
acial pictures on dimensions of valence and arousal on a
igh arousal’’). For the selected pictures, happy and sad
aces were matched for arousal ratings (6.62 ± 0.34 vs.
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igure 1 The cued target-response task with three types of c

.79 ± 0.61, P = 0.561), which are higher than that of neu-
ral faces (3.18 ± 0.23, P < 0.001). Additionally, the happy
aces (7.51 ± 0.22), sad faces (2.02 ± 0.47), and neutral
aces (4.43 ± 0.21, P < 0.001) were different from each other
n valence ratings. Males and females were represented
qually in the selected facial pictures.

xperiment Task and Procedure

he cued target-response task, modified from our previous
tudy [5], was used (Fig. 1). In each trial, a cue consist-
ng of a picture from one of the four types (i.e.,happy,
ad, neutral, or control object) with equal probabilities
as first presented at the center of screen for 500 ms, fol-

owed by a blank black screen which is called the cue-target
nterval (CTI). After CTI, a digit target (digit ‘‘3’’ or ‘‘5’’)
ppeared for 300 ms with equal probabilities. In each trial,
articipants were asked to pay attention to the emotional
acial cue, and then respond to the target by pressing the
eft mouse button for digit ‘‘3’’ or the right mouse button
or digit ‘‘5’’ as quickly as possible, but did not respond
hen a non-facial object cue was presented. Here, trials of
on-facial neutral objects were used to ensure the parti-
ipants’ involvement during the experiment. Based on the
ehavioral results of healthy subjects reported in our previ-
us study [5], we hypothesized that healthy subjects would
ave their attentional disengagement from emotional facial
ues during the period from 350 ms to 1000 ms after the
nd of cue presentation, while depressed patients would
eed more time in disengaging their attention from emo-
ional facial cues than healthy controls. Three different CTIs
i.e., 350 ms, 1000 ms, and 1500 ms) were used in differ-
nt trials with equal probabilities. We expected that for
ealthy controls, there would be a significant difference
n response time between the cases of CTI = 350 ms and
TI = 100 ms, but no significant difference in response time
etween the cases of CTI = 1000 ms and CTI = 1500 ms. On the
ther hand, for depressed patients we expected that there
ould be some difference in response time and/or ERPs from

hose of healthy controls in the cases of CTI = 1000 ms or
TI = 1500 ms, which would indicate their slower attentional
isengagement from emotional facial cues. For each sub-

ect, the cognitive task consisted of 6 blocks of 120 trials
ith pseudo-randomized cue types and CTIs, resulting in 60

rials for each combination of the four different cue types
nd three CTIs.

d
o
o

arget intervals (CTIs), i.e., 350 ms, 1000 ms and 1500 ms.

Experiments were conducted in a sound-attenuated and
lectrically shielded room. For each subject performing
he experiment, EEG signals of 32 channels were recorded
ontinuously using an elastic cap (EasyCap, Brain Prod-
cts, Germany) with sampling rate of 1000 Hz and skin
mpedance below 10 k� at each electrode. Horizontal and
ertical electrooculograms (HEOG and VEOG, respectively)
ere recorded to help to remove artifacts and eye blinks

n the following EEG signal pre-processing. All EEG signals
ere referenced to the tip of the nose and the AFz elec-

rode was used as ground. Behavioral data (response time
nd accuracy) were also recorded during the experiment.

ata Pre-processing

rials were excluded when response time was shorter than
00 ms or longer than 800 ms, with the considerations that:
i) response time shorter than 200 ms would imply an
rroneous response in the trial, as previous studies have sug-
ested that the response time is generally at least 200 ms;
ii) response time longer than 800 ms would indicate delayed
esponse or inadequate involvement in the trial, as it is out
f the range of two standard deviations of response time
ver all trials. The EEG data were pre-processed offline with
rain Vision Analyzer 2.0 (Brain Products, Germany). The
aw data was first digitally filtered using a zero phase-shift,
.5—100 Hz bandpass filter (24db/Oct) and a 50 Hz notch
lter. The EEG data was then re-referenced to an aver-
ge reference of all electrodes and ocular artifacts were
orrected using ICA algorithm. Artifact-free data was then
egmented into epochs. For the trials of CTI = 1000 ms, EEG
pochs from 200 ms pre-cue to 1500 ms after cue onset
ere extracted, and for the trials of CTI = 1500 ms, EEG
pochs from 200 ms pre-cue to 2000 ms after cue onset were
xtracted. Trials with artifacts greater than 100 �V after
OG correction were rejected. Finally, 20 MDD patients and
0 HCs, who had more than 40 valid trials for each type of
ue in each CTI condition, were included for further anal-
sis. For the retained subjects, the numbers of valid trials
ere 49.8 ± 6.5, 49.1 ± 6.2, 49.4 ± 6.5 for happy, neutral,
nd sad faces in MDD group respectively, and 49.5 ± 7.2,
0.1 ± 7.8, 50.4 ± 6.9 for happy, neutral, and sad faces in
C group respectively.
To explore the temporal characteristics of attentional
isengagement from emotional facial cues, we focused
n the onset of the CNV component, which was typically
bserved over fronto—central areas preceding the target
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Figure 2 Grand-averaged ERPs elicited by happy, neutral and sad facial cues in depressed patients (MDD) and healthy controls (HC)
in the pooled trials of CTI = 1000 ms and CTI = 1500ms (a), and the trials of CTI = 1500 ms (b) at electrode Cz, and the topographies of
average amplitudes of ERPs at all electrodes in the six selected windows (i.e., W1, W2, W3, W4, W5, and W6) in healthy controls and
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depressive patients respectively. The horizontal bars marked th
amplitudes of ERPs in sliding windows at electrode Cz in statist

onset. It has been reported that CNV would take several hun-
dreds of milliseconds (about 500-600 ms) after the offset of
cue to appear [12]. In order to examine the CNV component,
ERPs were first calculated with the trials of CTI = 1000 ms and
of CTI = 1500 ms pooled together to improve signal-to-noise
ratio. To further examine the CNV component in a longer
duration (i.e., 550 ms to 2000 ms from cue onset), ERPs were
calculated with only the trials of CTI = 1500 ms. For the esti-
mated ERPs, we further calculated the average amplitudes
of ERPs in sliding windows (window width: 300 ms; moving
step: 10 ms) starting from 550 ms from cue onset for each
electrodes, and examined whether the average amplitude
of ERP at electrode Cz in each sliding window was statisti-
cally smaller than zero by left-tailed one sample t-test. If
the average amplitude of ERP at Cz in a certain window was
smaller than zero and the topography of average amplitudes
of ERPs for all electrodes showed a typical CNV pattern, i.e.,
negative average amplitudes of ERPs in the frontal—central
electrodes (see the ERP topography of window W6 in Fig. 2
for example), then we would claim that the CNV compo-
nent appeared in the window. Here, the time window and
electrode selection for CNV were based on literature and

topographical distribution [3,18,22,27]. Note that the early
ERP components (i.e. P1 and N170) of this experiment have
been used to examine the early perceptual anomaly of neg-
ative facial expression in depression in another study [28].

A
e
P

iods in which there were main effects of group on the average
nalysis by repeated-measures Anova.

tatistical Analysis

-test and Chi2 test were used to compare demographic data
etween MDD patients and healthy subjects respectively.
ehavioral data, including response time and accuracy, were
nalyzed using repeated-measures Anova across emotion
three levels: happy face, neutral face, and sad face) and
TI (three levels: 350 ms, 1000 ms, and 1500 ms) with two
roups (two levels: MDD, HC). A two-factor [emotion (three
evels: happy face, neutral face, sad face) and X group (two
evels: MDD, HC)] repeated-measures Anova was performed
n the average amplitudes of ERPs at electrode Cz in each
liding window. All the Anovas were corrected for violations
f the sphericity assumption using the Greenhouse—Geisser
psilon correction, and all post hoc t-tests were corrected by
onferroni correction for multiple comparisons. The alpha
evel of significance was set at 0.05 throughout.

esults

ehavioral Results
nalyses of accuracy showed no main effects of group,
motion or CTI [F(1,38) = 1.202, P = 0.280; F(2,76) = 2.958,
= 0.060; F(2,76) = 2.865, P = 0.074]. The mean accuracy was
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Figure 3 Response time for (a) conditions of CTI = 350 ms,
1000 ms and 1500 ms, and for (b) conditions of happy, neutral
and sad facial cues in depressed patients and healthy controls.
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indicates P < 0.05, and ** indicates P < 0.01. The error bars
ndicate mean ± SEM.

6.5% for MDD and 97.7% for HC, respectively, which showed
hat participants were engaged with the cued target-
esponse task. Repeated-measures Anova on response time
evealed significant main effects of CTI [F(2,76) = 72.216,
< 0.001]. Post-hoc pairwise comparisons showed that

esponse time of CTI = 350 ms (583.75 ± 83.82 ms) was
onger than those of CTI = 1000 ms (532.58 ± 67.85 ms,
< 0.001) and CTI = 1500 ms (533.15 ± 66.52 ms, P < 0.001)

espectively, but there was no significant difference on
esponse time between the conditions of CTI = 1000 ms
nd CTI = 1500 ms (P = 0.982) (Fig. 3a). The Anova also
howed a significant main effect of emotion [F(2,76) = 5.243,
= 0.007]. Post-hoc pairwise comparisons indicated that

esponse time of sad cues (546.09 ± 68.13 ms) was shorter
han that of neutral cues (555.15 ± 72.99 ms, P = 0.011,
ig. 3b).

RP results

he contingent negative variation (CNV), which is typi-

ally observed over fronto—central areas preceding the
arget onset, is a well-documented ERP marker of cue-
nduced expectation of the forthcoming target [3,18,27].
he appearance of CNV indicates that participants have

D

T
t
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repared for the forthcoming targets. Correspondingly for
he cognitive task in this study, the appearance of CNV may
ndicate that the subject accomplished their attentional dis-
ngagement from emotional facial cues.

ERPs were calculated with pooled trials of CTI = 1000 ms
nd of CTI = 1500 ms (Fig. 2a). Statistical analysis by
epeated-measures Anovas (two factors: emotional cue

group) showed a main effect of group [F(1,38) = 3.94,
= 0.0495] on the average amplitudes of ERPs at electrode
z in sliding windows starting from 930 ms after cue onset
marked by a black horizontal bar in Fig. 2a). However, there
as no main effect of cue or interaction effect between
ue and group. For the healthy controls (HC), left-tailed
ne-sample t-test showed that the average amplitudes of
RPs at Cz was smaller than zero in sliding windows starting
rom 980 ms after cue onset (i.e., W2 in Fig. 2a, P = 0.0165),
nd typical CNV pattern began to appear in the ERP topog-
aphy (i.e., negative average amplitudes of ERPs in the
rontal—central electrodes such as Fz, Cz, FC1, and FC2)
rom window W2 and lasted to 1500 ms after cue onset,
uggesting that CNV appeared in HC from 980 ms after cue
nset. On the other hand, for the MDD group, the average
mplitude of ERPs at Cz in sliding windows was not signi-
cantly smaller than zero during the period from 550 ms
o 1500 ms after cue onset, and the ERP topography also
howed no typical CNV pattern during this period, indicat-
ng that CNV did not appear in the MDD group during this
eriod. The ERP topography in a window (W1) prior to win-
ow W2 is given as a reference in Fig. 2a. Obviously, the ERP
opography in window W1 showed no typical CNV pattern.

To find the onset of CNV component for the MDD
roup, ERPs were further calculated with only the trials
f CTI = 1500 ms (Fig. 2b). Statistical analysis by repeated-
easures Anovas (two factors: emotional cue X group)

howed a main effect of group [F(1,38) = 4.15, P = 0.0439]
n the average amplitudes of ERPs at electrode Cz in slid-
ng windows starting from 950 ms after cue onset (marked
y a black horizontal bar in Fig. 2b). However, there was
o main effect of cue or interaction effect between cue
nd group. For the HC group, left-tailed one-sample t-test
howed that the average amplitudes of ERPs at Cz were sig-
ificantly smaller than zero in sliding windows starting from
030ms after cue onset (i.e., W4 in Fig. 2b, P = 0.0088), and
ypical CNV pattern appeared in the ERP topography from
indow W5 to 2000 ms after cue onset, suggesting that CNV
ppeared in the HC group from 1030 ms after cue onset.
hile for the MDD group, the average amplitudes of ERPs at
z were smaller than zero in sliding windows starting from
300 ms after cue onset (i.e., W5 in Fig. 2b, P = 0.0004), and
ypical CNV pattern began to appear in the ERP topogra-
hy from this window. In sliding windows later than window
5, the typical CNV pattern in the MDD group became more

vident, just as that demonstrated in window W6 (Fig. 2b).
hese results suggested that the CNV appeared in the MDD
roup 1300 ms after cue onset, which was later than the time
hen CNV appeared in the HC group.
iscussion

he aim of this study was to investigate the temporal charac-
eristics of attentional disengagement from emotional facial



r
o
C
w
n
c
o
o
e
i
i
b
t
a

g
t
e
n
t
t
s
o
t
o
d
1
p
E
f
n
w
t
t
t
t
d
t
m
m
t
c
s
o
e
f

D

T

A

T
K
N
6

Disengagement from Emotional Cues in Depression

expression in depressed patients, from the perspectives of
response time and the onset latency of CNV. Results showed
that both the MDD and HC groups had shorter response times
in the conditions of CTI = 1000 ms and 1500 ms than in the
condition of CTI = 350 ms, but had no significant difference
in response time between the conditions of CTI = 1000 ms
and CTI = 1500 ms (Fig. 3). These results suggested that a
former emotional facial cue would influence the response
to the following target which was presented after the cue
offset, that is, attention would be maintained on the cue for
a certain period, and it might take the subject some time
to disengage and respond to the subsequent target. Thus,
the longer response time for the case of CTI = 350 ms sug-
gested that subjects had not entirely disengaged from the
emotional facial cue at 350 ms after cue offset, while no dif-
ference in response time between the cases of CTI = 1000 ms
and CTI = 1500 ms suggested that subjects had completed
their attentional disengagement from emotional facial cue
in 1000 ms after cue offset. These results implied that atten-
tional disengagement from emotional facial expression was
completed at a time point between 350 ms to 1000 ms after
cue offset, which is consistent with the results (around
500 ms after cue offset) in healthy subjects reported in pre-
vious studies [5,9,12].

However, the CNV component indicated that there is a
difference in the temporal characteristics of attentional dis-
engagement from emotional facial expression between the
MDD group and the HC group. The CNV component clearly
appeared from about 1300 ms after cue onset for the MDD
group and from about 1000 ms (980 ms in window W2 and
1030 ms in window W4) after cue onset for the HC group
(Fig. 2). In addition, the average amplitudes of ERPs at elec-
trode Cz in the MDD group were weaker than those in the HC
group in windows from about 930 ms after cue onset (Fig. 2).
For the HC group, the onset latency of CNV (about 1000 ms
after cue onset) suggested that normal controls may com-
plete their attentional disengagement from emotional facial
expression just around 1000 ms after cue offset, which is in
agreement with the temporal characteristics of attentional
disengagement suggested by response time (i.e., completion
of attentional disengagement between 350 ms to 1000 ms
after cue offset). On the other hand, for the MDD group, the
onset latency of CNV (1300 ms after cue onset) suggested
that depressed patients may not complete their attentional
disengagement from emotional facial cues before 1000 ms
after cue offset, which is not consistent with the completion
of attentional disengagement between 350 ms to 1000 ms
after cue offset, suggested by response time.

Some studies have investigated the relationship between
CNV and response time; however results are generally incon-
sistent and no evident relationships have been revealed [17].
Only a few studies have paid attention to the onset of CNV.
In a study on patients with deficit schizophrenia (DS) and
patients with bipolar I disorder (BP I), Li and his colleagues
defined the period from the instant of target onset to the
crossing point of ERP to baseline as the onset latency of CNV,
and reported that the DS group had a longer onset latency
of CNV than BP I group and healthy controls, and both the

DS and BP I groups had significantly smaller CNV amplitude
and longer reaction time than healthy controls [22]. Hillyard
showed that only five of the ten subjects had a statistically
significant negative correlation between CNV amplitude and

(
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m
P
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esponse time [17]. In a study on post-traumatic stress dis-
rder (PTSD), the subjects with PTSD had significantly larger
NV amplitude and more response errors than the subjects
ithout PTSD, while the two groups had no statistically sig-
ificant difference in response time [8]. In this study, we
onsidered the first window in which the average amplitude
f ERP at Cz was significantly smaller than zero at the instant
f CNV onset, so as to average out the possible random
ffects that may be induced by fluctuations of ERP when
t crosses the baseline. Based on the information in exist-
ng studies, we cannot demonstrate an evident relationship
etween CNV and response time and would like to propose
hat CNV and response time may characterize the process of
ttentional disengagement from different perspectives.

Studies have suggested that depressed patients may have
reater difficulties in disengaging from negative informa-
ion. For example, using eye-tracking technology, Eizenman
t al. and Caseras et al. found that when focusing on
egative cues, depressed patients spent significantly more
ime looking at them compared with non-depressed con-
rols [4,10]. Note that the paradigms used in these two
tudies were based on visual spatial attention, while in
ur study with cued target-response paradigm, cues and
argets were both presented at the center of screen. In
rder to explore the temporal characteristics of attentional
isengagement, we set three types of CTI (i.e. 350 ms,
000 ms, and 1500 ms), taking about 45 minutes to com-
lete the experiment. For each condition, only 60 trials of
EG data were collected, and about 50 trials were retained
or ERP/CNV analysis after data pre-processing. The limited
umber trials may result in a poorer signal-to-noise ratio,
hich makes it difficult to detect the underlying interac-

ion. If the spatial attention paradigm was performed with
he three CTIs, it would take about 90 minutes to perform
he whole experiment for each subject. Considering the
olerance and engagement of the subjects (especially for
epressed patients) in the experiment, we adopted the cued
arget-response paradigm in this study. The different tasks
ay account for the different results, as the response task
ay be too easy in cued target-response paradigm so that

he depressed patients may complete it just as well as the
ontrols. Nevertheless, we would suggest adopting the visual
patial attention paradigm with two CTIs (e.g., with the CTIs
f 500 ms and 1500 ms) to further explore attentional dis-
ngagement from different emotions in depression in the
uture.
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