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ARTICLE INFO ABSTRACT

Keywords: The hypoactivation of the appetitive and defensive motivational systems in the brain is a feature of depression
Depression and might also represent a vulnerability factor for the disorder. A measure that can be employed to investigate
DySp]f‘oria both motivational systems is the electroencephalographic response to an acoustic startle probe during affective
E‘;&?Oﬂ processing. Particularly, the amplitude of auditory event-related potentials (ERPs) components to the startle
P300 probe is smaller when the emotional context is more arousing. Neural responses to an unattended startle probe
Startle during an emotional passive viewing task of pleasant, neutral, and unpleasant pictures was employed to assess

the activation of the approach and defensive motivational systems in a sample of individuals with (n = 24, 23
females) vs. without (n = 24, 23 females) dysphoria. The group without dysphoria showed a reduced startle-
elicited N200 only in the context of pleasant relative to neutral pictures, indicating that the affective process-
ing of the appetitive context might reduce the attentional resources needed to orient attention toward unattended
non-salient stimuli. Conversely, the N200 amplitude was not attenuated for pleasant relative to neutral and
unpleasant contexts in the group with dysphoria. Moreover, no within- or between-group differences emerged in
the P300 amplitude. Taken together, the results of this study showed that depression vulnerability is charac-
terized by reduced attention to pleasant contexts, suggesting a blunted affective processing of appetitive

emotional stimuli.

1. Introduction

Given the pervasive and debilitating nature of Major Depressive
Disorder (MDD), identifying early indicators of this condition and
putting forward novel prevention strategies has been set as a core pri-
ority [1]. Hence, researchers are shifting their focus to the study of
vulnerable populations, namely individuals with a higher risk of
developing depression but without current depressive symptoms. In this
regard, the study of individuals with dysphoria (i.e., subclinical
depression), characterized by the presence of depressive symptoms
without meeting a formal MDD diagnosis, is particularly advantageous
as it constitutes a risk for the onset of full-blown depression [2].

Individual differences in the activation of the approach and with-
drawal motivational systems during emotional processing have been
identified as key features of depression and represent a potential
mechanism of depression vulnerability [3-10]. Over the decades,
depression has been linked to distinct patterns of emotional reactivity,

and three main hypotheses have been put forward [10-11]. An initial
account is the negative potentiation hypothesis, which holds that
pervasive negative mood states that are prevalent in depression
contribute to potentiate emotional responding to negatively valenced
stimuli, indicating a heightened activation of the withdrawal motiva-
tional system [12-14]. However, the literature does not fully support
this view [3,9-11,15]. Moreover, there appears to be consistent support
for the positive attenuation hypothesis, which suggests that depression
is characterized by a reduction of approach motivation, aligning with
symptoms of anhedonia and apathy [10,16]. This last hypothesis has
been extended to a third one, known as Emotional Context Insensitivity
(ECI), which suggests that depression might be characterized by an
overall attenuated response to emotional stimuli regardless of their
valence [17]. The ECI is based on evolutionary theories that describe
depression as the product of environmental disengagement [9,10],
which is manifested through decreased responses to both pleasant and
unpleasant stimuli.
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A widely employed method that can be used to study affective
disposition is the passive viewing of affective pictures while peripheral
and central psychophysiological responses are assessed [18-20]. These
studies have often relied on startle paradigms, whereby a startle-
eliciting irrelevant auditory stimulus (e.g., loud white noise) is pre-
sented in a series of non-startling stimuli (i.e., emotional pictures)
[19,21]. The presentation of a brief intense acoustic probe elicits the
startle eyeblink reflex, which is modulated by the hedonic valence.
Namely, the startle eyeblink amplitude is potentiated when participants
view negatively valenced stimuli and inhibited when viewing pleasant
cues [20]. Depressive symptoms have been associated with an attenu-
ated startle reflex amplitude in response to unpleasant stimuli, indi-
cating a potential hypoactivation of the defensive motivation system
[22-25]. In addition, several studies have further shown a reduced in-
hibition of the startle eyeblink reflex amplitude to pleasant stimuli in
depression [23,26,27], suggesting, in line with the ECI account, an
overall blunted reactivity to all emotional cues.

In addition to the startle eyeblink, unattended auditory startling
probes prompt a modulatory effect of emotional states during informa-
tion processing of emotional cues at the neural level [28-30]. Consid-
ering that the real-world environment is typically characterized by
numerous stimuli that compete for attentional resources, the degree to
which the perceptual processing of emotional stimuli is prioritized
(relative to unattended stimuli) is of interest in the study of affective
processing [28]. In this context, given that event-related potentials
(ERPs) have distinct temporal and topographic characteristics, each
component is thought to reflect a different stage or aspect of information
processing [19,31,32]. Hence, the assessment of ERPs can reveal the
modulation in the processing of an unattended auditory startle probe
while participants view emotionally valenced pictures. Intriguingly, the
neural response to the startle probe is mainly modulated by the arousal
elicited by the emotional stimulus, whereby the amplitude of auditory
ERPs components to the startle probe is smaller when the emotional
context is more arousing (both pleasant and unpleasant). In other words,
the presence of emotionally arousing pictures increases the threshold for
processing irrelevant auditory events in the environment, leading to
having fewer resources to process the startle probe than when viewing
neutral cues. Particularly, this effect has been demonstrated for both
earlier (i.e., N200) and later components (i.e., P300), suggesting that it
might involve both automatic detection of changes in the auditory
stream and higher-level stages of attention processing [19,31-33]. To
date, electroencephalographic responses to an acoustic startle probe
during the viewing of emotional cues in depression have not been fully
explored. Only one investigation showed that reduced startle-elicited
P300 component across all emotional and non-emotional conditions
significantly correlated with depressive symptoms [34].

The objective of the present study was to explore electroencephalo-
graphic responses to an unattended startle probe during an emotional
passive viewing task of pleasant, neutral, and unpleasant pictures to
assess the activation of the approach and defensive motivational systems
in a sample of individuals with an elevated risk to develop full-blown
depression, namely with dysphoria (i.e., subclinical depression). In
line with the ECI account, the group with dysphoria was expected to
show a hypoactivation of the approach and withdrawal motivational
systems, indexed by greater amplitude of the N200 and P300 compo-
nents to the acoustic startle probe, when viewing both pleasant and
unpleasant relative to neutral pictures and to the group without
dysphoria.

2. Methods
2.1. Participants
Based on meta-analytic evidence supporting the emotion context

insensitivity hypothesis in depression [9], a priori power analysis in
G*Power [35] for a repeated measures analysis of variance with one
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within-subject factor with three levels (picture valence: pleasant,
neutral, unpleasant) and one between-subject factor with two levels
(with dysphoria vs. without dysphoria) was performed to determine
whether the sample size was large enough to detect a significant effect.
This analysis revealed that the adequate total sample size to detect a
moderate effect size (Cohen’s f = 0.26) with a power of 0.95 was 40
participants. In the present study, a cohort of 48 Caucasian students at
the University of Padua, Italy, voluntarily took part in the research
project.

An ad-hoc anamnestic interview was employed to make sure that the
included participants were medically healthy and not taking any psy-
chotropic medication. In the sample, participants were assigned to
either a group with dysphoria or without dysphoria based on specific
criteria. Participants with dysphoria were identified by module A of the
Structured Clinical Interview for DSM-5 (SCID 5-CV; [36,37]) assessing
current and past depressive symptoms. Furthermore, the Beck Depres-
sion Inventory-II (BDI-II; [38,39]) was also employed for the assessment
of depressive symptoms’ severity. Participants who both scored equal to
or greater than 12 on the BDI-II and had two to four current depressive
symptoms, for at least two weeks, without meeting the criteria for the
diagnosis of major depressive disorder, persistent depressive disorder, or
bipolar disorder, were assigned to the group with dysphoria (n = 24, 23
females). Participants who scored equal to or lower than 8 on the BDI-II
and had no depressive symptoms or history of depression, were assigned
to the group without dysphoria (i.e., controls) (n = 24, 23 females).' To
ensure a clear separation between the two groups, participants who
scored in the range between 9 and 11 on the BDI-II or had only one
depressive symptom have not been included in the study.

With respect to demographic variables, the two groups (with
dysphoria, without dysphoria) did not differ in terms of sex (x> = 9.5, p
=.98), age (p =.83; dysphoria group: Mean (M) = 21.9, standard devi-
ation (SD) = 2.2; group without dysphoria: M = 22.0, SD = 1.9), and
education (p =.52; dysphoria group: M = 16.3, SD = 1.7; group without
dysphoria: M = 16.5, SD = 1.3).

2.2. Psychological measures

Participants underwent a psychological assessment composed of
both the SCID-5-CV and BDI-II. The Italian version of module A (mood
episode module) of the SCID-5-CV was administered by a trained clinical
psychologist in order to assess the presence of dysphoria. Additionally,
the diagnostic interview served as a tool to identify participants with
major depressive disorder, persistent depressive disorder, or bipolar
disorder and thereby exclude them from the study. All participants also
completed the BDI-II, which is a reliable self-report measure used to
assess the severity of the depressive symptoms present in the last two
weeks. The aforementioned questionnaire is composed of 21 questions,
each scored on a four-point Likert scale. The final score of the inventory
ranges between 0 and 63, where more severe depressive symptoms are
demonstrated with a higher score. In the Italian version of the BDI-II
employed, the score of 12 was agreed to serve as a discriminant be-
tween individuals with and without depressive symptoms [39].

2.3. Experimental task

The experimental paradigm included 24 color pictures (600 x 800
pixels) from the International Affective Picture System (IAPS, [40]) each
category: pleasant (e.g., erotic couples, sports), neutral (e.g., household
objects, neutral faces), and unpleasant (e.g., attacking humans and an-
imals), all of which were presented to the participants once. The
pleasant and unpleasant pictures were matched for normative arousal

1 All statistical analyses were performed after excluding two male partici-
pants from the dataset. Upon their exclusion, the observed results remained
consistent and unaffected.
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ratings (p =.92).2

The experimental paradigm was a passive viewing task of pictures,
presented for 6000 ms each, in a semi-randomized manner (i.e., no more
than one stimulus in the same emotional condition had to be shown
consecutively). A 3000 ms interval with a white fixation cross on a grey
background (baseline), preceded each picture display. Participants were
instructed to focus on the fixation cross to ensure proper processing of
the chosen stimuli. After each picture presentation, an intertrial interval
(ITT) with a white fixation cross (like in the baseline) was presented for a
time that varied between 6000 and 8000 ms. The acoustic startle probe
was administered randomly at one of the four time points after picture
onset: 300, 1500, 3500, or 4500 ms. However, for this investigation,
only the startle probe administered at 1500 ms or later was considered in
the analysis as the primary focus of the study was on affective process-
ing, and no prior study employed startle-elicited ERPs at earlier stages of
picture processing (e, g., 300 ms). Hence, a total of 18 stimuli for each
emotional category were used, that is, six for each time point (1500 ms,
3500 ms, 4500 ms). The acoustic startle stimulus, used in the paradigm,
was a burst of 100 dB white noise with a duration of 50 ms (instanta-
neous rise time), which was conveyed to both ears through Sennheiser
headphones (HD 280 Pro model). Fig. 1 graphically illustrates the pro-
cedure of the employed task.

2.4. EEG recording and data reduction

The recording of EEG data was conducted with an elastic cap con-
taining 32 Ag/AgCl electrodes arranged in a 10-20 system (Fpl, Fpz,
Fp2, F7,F3, Fz, F4, F8, FC5, FC1, FC2, FC6, T7, C3, Cz, C4, T8, CP5, CP1,
CP2, CP6, P7, P3, Pz, PA, P8, POz, O1, Oz, 02, and mastoids: M1, M2)
and referenced online to CPz. Eye movements and eye blinks were
monitored through a bipolar montage of horizontal and vertical elec-
trooculograms (EOG). During the EEG recording, the impedance of all
electrodes was kept lower than 10 kQ. The eego software and eego
amplifier (ANT Neuro, Enschede, Netherlands) have been used for the
data acquisition. Post-amplification, the EEG and EOG signals were
bandpass filtered (0.3-40 Hz) and digitalized at 1000 Hz.

EEG preprocessing was conducted in EEGLAB and Brainstorm. The
EEG signal was re-referenced offline to mastoids to remove the electric
noise captured by the ground electrode (online reference). To reduce the
computational costs the EEG signal was downsampled at 500 Hz, in
accordance with the Nyquist theorem. Then, a 0.3-30 Hz bandpass filter
was applied. Additionally, blink artifacts and horizontal eye movements
were manually corrected using the Independent component analysis
(ICA). For each trial, the EEG was epoched starting 500 ms before the
startle probe and continuing for 2000 ms. Trials exceeding +70 pV were
rejected, leading to an average of +SD acceptance of 17.8 + 0.5 pleasant
trials, 17.8 £+ 0.5 neutral trials, and 17.8 + 0.5 unpleasant trials. No
significant differences between groups or among emotional conditions
in the average acceptance of pleasant, neutral and unpleasant trials were
observed (all Ps > .24). The baseline for each epoch corresponded to the
200 ms recorded 50 ms prior to the onset of the startle probe. The ERPs
were computed as an average activity at all three times of startle probe
administration (1500, 3500, 4500 ms) since all are part of the late
processing stages where affective processing occurs. The separate grand
averages ERPs were calculated for each group (with dysphoria and
without dysphoria), and condition (pleasant, neutral, and unpleasant),
producing a total of three different ERP averages for each group (Fig. 2).

2 The IAPS picture numbers were 1050, 1114, 1120, 1300, 1302, 1930, 1932,
3500, 4611, 4647, 4651, 4652, 4660, 4664, 4670, 4680, 4683, 4690, 4695,
4810, 6200, 6210, 6230, 6242, 6243, 6244, 6250, 6260, 6312, 6313, 6370,
6510, 6540, 6550, 6560, 7000, 7002, 7004, 7009, 7010, 7020, 7035, 7036,
7041, 7050, 7056, 7059, 7130, 7175, 7224, 7233, 7242, 7491, 7500, 7547,
7560, 7595, 7700, 7950, 8030, 8031, 8034, 8080, 8161, 8180, 8185, 8186,
8200, 8370, 8400, 8490, 9425.
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Based on visual inspection of grandaveraged ERP waveforms, the N200
was computed as the mean amplitude in the 200-300 ms time window
from startle probe onset, and the P300 as the mean amplitude in the
300-500 ms time window from startle probe onset, both at Cz. In this
study, the electromyography of the orbicularis oculi muscle to assess the
startle reflex and the electrocardiogram (ECG) to assess cardiac decel-
eration were collected and results can be found in a previously published
work [22], while neural responses to the emotional images have been
reported in another published work [4].

2.5. Procedure

Prior to the experimental session, the participants were instructed to
avoid the consumption of caffeine or alcohol on that day. Upon arriving
in the laboratory each participant signed a written consent form and was
later administered module A of the SCID-5-CV interview and the BDI-II.
Subsequently, each individual was asked to sit comfortably in the
assigned chair, positioned in a dimly lit and sound-attenuated room.
After electrodes attachment and a three-minute resting state condition,
six practice trials were presented to the participants, two of each cate-
gory (pleasant, neutral, and unpleasant). Afterward, the participants
underwent the passive emotional viewing task while EEG was recorded.
Finally, participants completed the assessment of arousal and valence of
36 pictures (12 in each category) using the Self-Assessment Manikin
(SAM) [41]. Results of the SAM have already been reported in a previous
publication and showed adequate affective manipulation [22]. The
entire procedure, including the final debriefing of the participants, las-
ted a total of 90 min.

2.6. Statistical analyses

Distributions of all ERP variables were checked on normality with
QQ plots and the Shapiro-Wilk test. The three time points of the acoustic
startle probe administration (1500, 3500, and 4500 ms) were averaged
and collapsed into one single condition, due to the occurrence of the
same underlying mechanism (i.e., affective processing). Both N200 and
P300 responses to the startle probe were analyzed using a repeated
measure analysis of variance (ANOVA) with Group (with dysphoria and
without dysphoria) as a between-subject factor and Condition (pleasant,
neutral, and unpleasant) as a within-subject factor. The ANOVAs for the
N200 and P300 amplitudes and peaks were conducted separately. Sig-
nificant main effects and interactions (p <.05) were reported and a
Tukey post-hoc test was carried out to inspect significant effects.

3. Results
3.1. N200 component

The N200 data were normally distributed, as assessed using the
Shapiro-Wilk test (all ps > .13). For the N200, the mixed ANOVA
revealed a significant Condition main effect (F = 4.42, p =.02), which
was further qualified by a Group x Condition interaction effect (F =
3.95, p =.02, Fig. 3).° Particularly, the N200 amplitude to the startle
probe in the pleasant condition was smaller as compared to the neutral
one (p <.001), while it did not differ from the unpleasant condition (p
=.47). Also, the N200 amplitude to the startle probe in the neutral and
unpleasant condition did not differ from each other (p =.48). On the
other hand, in the group with dysphoria, the post-hoc tests did not yield
to any significant difference in the N200 amplitude to the startle probe
among all emotional conditions (all Ps > .82). The N200 response to the
startle probe did not differ between the two groups in any condition (all
Ps > .70). Finally, no significant Group effect emerged (F = 0.55, p

3 The results did not change when excluding the two male participants
(Group x Condition interaction effect, F = 3.94, p =.04).
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Fig. 1. Illustration of the passive viewing task with the acoustic startle probe.
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Fig. 2. Grandaverage ERP amplitude (uV) to the startle probe in the whole
sample during pleasant (black solid line), neutral (grey dotted line), and un-
pleasant (black dotted line) picture processing.

=.46).
3.2. The P300 component

The P300 data were normally distributed, as assessed using the
Shapiro-Wilk test (all ps > .38). For the P300, the mixed ANOVA
revealed a marginally significant Condition effect (F = 3.02, p =.05),"
whereby the amplitude of the P300 in the unpleasant condition was
larger than in the neutral condition. No Group effect (F = 0.158, p =.70),
and no Condition x Group effect (F = 1.21, p =.30) emerged.

4. Discussion

The objective of the present study was to explore neural responses to
an unattended startle probe during an emotional passive viewing task of
pleasant, neutral, and unpleasant pictures to assess the activation of the
approach and defensive motivational systems in a sample of individuals
with dysphoria. The group with dysphoria was expected to show a
hypoactivation of the approach and withdrawal motivational systems,
indexed by greater amplitude of the N200 and P300 components to the
acoustic startle probe, when viewing both pleasant and unpleasant
relative to neutral pictures and to the group without dysphoria.

Partially in line with the hypothesis, the group without dysphoria
showed a reduced startle-elicited N200 only in the context of pleasant
relative to neutral pictures, indicating that the affective processing of
the appetitive context might reduce the need for auditory change
detection. Although the affective modulation of the startle-elicited N200
was previously documented during the viewing of both pleasant and
unpleasant images, some studies have documented this effect exclu-
sively in pleasant conditions [30,42]. These results suggest that in an
arousing pleasant — but not unpleasant — condition, the automatic

4 The results did not change when excluding the two male participants
(Condition effect, F = 2.74, p =.07).
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Fig. 3. Panels a) and b): Grandaverage ERP amplitude (uV) to the startle probe in the whole sample during pleasant (black solid line), neutral (grey dotted line), and
unpleasant (black dotted line) picture processing in the group without dysphoria (Panel a) and the group with dysphoria (Panel b). Panels c) and e): Topography of
the mean ERP amplitude (pV) of individuals without (panel ¢) and with dysphoria (panel e) averaged over the N200 time window (200-300 ms) for pleasant, neutral,
and unpleasant conditions. Panel d): Mean amplitude (uV) of the startle-elicited N200 component during the viewing of unpleasant (purple), neutral (yellow), and
pleasant (grey) pictures in the group without dysphoria (left) and with dysphoria (right). * p <.05.

detection of changes in the environment might be inhibited [30,42].
Indeed, arousing pleasant stimuli serve as biological signals for a non-
threatening environment, thus inhibiting automatic perceptual detec-
tion changes [30,42]. Of note, the startle-elicited N200 was not atten-
uated for pleasant relative to neutral and unpleasant pictures in the
group with dysphoria. Hence, this at-risk group was not characterized by
enhanced affective processing of the pleasant relative to neutral images,
which in turn did not influence the early detection mechanism of the
auditory stimulus. Taken together, these findings should be extended to
longitudinal designs to determine whether a reduction in the brain’s
ability to process and respond to pleasant contexts in the environment
can be an indicator of depression risk, as suggested by several studies in
the literature [4,8-11,43,44].

Moreover, in both groups, the amplitude of the startle-elicited P300
was not attenuated in the pleasant and unpleasant relative to neutral
conditions and no group difference emerged. Instead, a marginally sig-
nificant larger P300 amplitude to the startle probe while viewing un-
pleasant pictures emerged across both groups. In line with this, a study
showed that the P300 amplitude was larger, and not smaller, to an
irrelevant sound when participants were watching negatively valenced
videoclips, suggesting that whenever a situation is unpleasant, the
automatic monitoring of the background environment for potential
threats might increase [33].

From a clinical perspective, startle-elicited N200 might be integrated
in the identification and prevention protocols of individuals with a
higher risk of developing full-blown depression. Indeed, the significance
of ERPs as potential novel screening measures was recently highlighted
[45]. Besides, regarding potential therapeutic interventions to bolster
startle-elicited N200, attention bias modification procedures aimed at
increasing attention towards pleasant content, widely employed in
clinical depression, might be used as a preventive strategy in dysphoria

[46-49].

Some limitations of this study need to be acknowledged. Firstly, the
sample of participants consisted entirely of university students, which
might affect the generalization of these findings to the general popula-
tion. Additionally, due to the higher prevalence of dysphoria in the fe-
male population [2], the great majority of the participants in this study
belonged to the female sex, which further limits the generalizability of
this work’s findings to the male population.

Taken together, the results of this study demonstrated that in-
dividuals with dysphoria might be characterized by greater attention to
an auditory startle probe presented during pleasant contexts, suggesting
a blunted affective processing of pleasant emotional stimuli, in line with
the positive attenuation hypothesis. The paradigm of startle modulation
of ERPs may serve as a valuable measure of early identification as well as
prevention of full-blown clinical depression.
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