Effects of negativity bias on amygdala and
anterior cingulate cortex activity in short and
long emotional stimulation paradigms
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Effects of negativity bias on amygdala and anterior cingulate cortex activity
in short and long emotional stimulation paradigms
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Introduction

Major depressive disorder (MDD) is one of the most common mental health disorders worldwide [1].
Studies of functional magnetic resonance imaging (fMRI) have reported that MDD patients show dysfunction of the
anterior cingulate cortex (ACC) and limbic system, especially the amygdala [2]. Recent fMRI studies have reported
that amygdala and ACC dysfunction is a reproducible and good biomarker of MDD [3].

When using amygdala and ACC activation as biomarkers of MDD, a short and simple stimulation paradigm
in MRI scan helps reduce the burden on patients. It is well known that the small spatial dimensions of the scanner
tubes and the high noise level of the MRI machine elicit anxiety in patients [4] and that patients are instructed to
reduce body movements to prevent artifacts during an MRI scan [5]. If the stimulation paradigm to activate the
amygdala and ACC is short and simple, we can reduce the anxiety and body movements of patients during the MRI
scan. However, when we employ a short and simple stimulation paradigm, we should consider how the paradigm
would modulate the amygdala or ACC activation. One possible factor that we should care about is the negativity bias,
which is the idea that negative (unpleasant) stimuli evoke a more pronounced response than equally extreme and
arousing positive (pleasant) stimuli [6]. Furthermore, studies using electroencephalography have reported that
negative stimuli are processed faster than positive stimuli [7]. Given the fact that negative stimuli elicit a stronger
response and are processed faster than positive stimuli, amygdala activation by negative but not positive stimuli
would be observed even in the short stimulation paradigm. Thus, there is a possibility that negativity bias would be
observed when the short stimulation paradigm is employed, while it would be reduced if the stimulation paradigm is
long enough to process positive stimuli.

To our best knowledge, no studies have investigated the relationship between the length of the stimulation
paradigm and activation in the amygdala and ACC from the viewpoint of the negativity bias. Investigating the effect
of negativity bias on amygdala activation in the short stimulation paradigm could be crucial because negativity bias
could be a potential cognitive trait associated with vulnerability to depression [8]. In the present study, we aimed to
assess the effects of negativity bias in the short and long emotional picture stimulation paradigms on the activation
of emotion-related brain regions, including the amygdala and ACC. We employed two experimental conditions: (1)
the short-simple condition, in which emotional pictures were presented for 130 seconds; and (2) the long-complex
condition, in which pictures were presented for 300 seconds, similar to the paradigm used in treatment effect
assessment [9]. We hypothesized that negativity bias could be observed in the short-simple condition, while negativity

bias would be reduced in the long-complex condition.

Methods
Participants

Twenty-seven right-handed healthy volunteers (7 women and 20 men, average age of 22.4 & 2.48 years,
range = 20-30 years), with no history of current or past psychiatric disorders or substance abuse, participated in the
experiment. The Research Ethics Committee of the Institute of Medical Science, University of Tokyo, approved the
study protocols (29-51-A1120). Written informed consent was obtained from each participant before inclusion in the

study.

Task and procedures

Forty pleasant pictures (P), 40 unpleasant pictures (U), and 15 neutral pictures (N) were selected from the
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international affective picture system (IAPS) as visual stimuli for the emotional pictures viewing task [10]. For
pleasant and unpleasant images, the same picture was not used in one task. The mean valence scores of the pleasant,
unpleasant, and neutral pictures were 7.7, 3.0, and 5.3, respectively. The mean arousal scores were 5.0 for pleasant,
5.4 for unpleasant, and 3.2 for neutral pictures. The present study used two conditions. One was a short-simple task
(ST) condition, and the other was a long-complex task (LT) condition. The number of visual stimuli and the length
of time in the LT condition was larger and longer, respectively, than that in the ST condition. The ST condition
consisted of five blocks of pictures, and the order of blocks was fixed (N-U-N—P-N). The number of pictures in one
block was 10 with a two-second presentation time for each picture in the U and P blocks (20 seconds). The N block
presented six pictures with a five-second presentation time (30 seconds). The total time taken for the ST condition
was 130 seconds. The LT condition consisted of 10 blocks of pictures, and the order of blocks was counterbalanced
between participants (pattern A: N—U-N-U-N-N-P-N-P-N or pattern B: N-P—N-P-N-N-U-N-U-N). The
number of pictures in all blocks was 15, with a two-second presentation time for each picture (30 seconds). The total
time taken for the LT condition was 300 seconds. Because of the longer duration of the LT condition, participants
were asked to press a button with their right index finger each time the picture was changed to confirm they were
awake. One scan session contained the ST and LT conditions, and the order of conditions was fixed as ST-LT (Fig.
1). The scan session was repeated two times. The presentation of visual stimuli was controlled using the E-Prime 2.0
software (Psychology Software Tools, Pittsburgh, PA), and the stimuli were back-projected to the center of a screen
located near the scanner from a liquid-crystal-display video projector. Participants saw the stimuli through a movable

mirror that was set on the head coil.

Task flow Total 610 s ( 310 volume )

60s

short-simple task 30 50 80 100 130

[ short-simple task}

190 s

250s

ﬂmg-complextask 30 60 90 120 150 180 210 240 270 300

Button press

Pattern A

[ long-complex task J

550

Pattern B

P

610s

% neutral pictures unpleasant pictures |:| pleasant pictures

Fig. 1
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Image acquisition

Whole-brain functional and anatomical images were acquired using a 3.0 Tesla clinical MRI scanner
(MAGNETOM, Skyra, Siemens AG, Healthcare Sector, Erlangen, Germany) with Syngo MR E11 software and a 20-
channel head matrix coil located at the Research Hospital, the Institute of Medical Science, the University of Tokyo.
The participant’s head was immobilized using head cushions and headphones within the scanner coil. T2*-weighted
functional MRI data were acquired using a single-shot echo-planar (EPI) sequence (echo time [TE] =30 ms, repetition
time [TR] = 2.0 s, flip angle [FA] = 80°, slice thickness 4.0 mm, gap 1.0 mm, matrix 64 x 64, field of view [FOV]
240 mm, in-plane resolution 3.8 mm x 3.8 mm, 315 image volumes). The 35 transversal slices were tilted with a 30°
reverse angulation (anterior upward) from the anterior commissure - posterior commissure line to minimize drop-
out artifacts in the orbitofrontal and medial temporal regions [11]. The first three volumes of the EPI sequence were
discarded to ensure a steady-state signal of the MRI. High-resolution anatomical images were acquired using a T1-
weighted magnetization prepared rapid acquisition with gradient echo with 176 transverse slices (TE = 2.45 ms, TR
= 2.2 s, inversion time = 900 ms, FA = 8°, slice thickness 1.0 mm, no gap, matrix 256 x 256, FOV 240 mm, in-plane

resolution 0.9 mm x 0.9 mm) for coregistration of functional data.

Image analysis

Functional imaging data analysis was performed using the Statistical Parametric Mapping software
(SPM12: Wellcome Department of Cognitive Neurology, London, UK; www.fil.ion.ucl.ac.uk/spm) implemented in
MATLAB (R2017a: Mathworks, Natick, MA, USA). First, the EPI images were realigned to the first volume during
preprocessing to correct for head movements using the unwarp option. Realignment parameters were checked to
discern any potential participants with excessive head movement, which was defined as any displacement of more
than one voxel (3.8 mm) from the position of the first acquired fMRI volume in a session. Second, the time series
were corrected for differences in slice acquisition time with reference to the slice acquired in the middle of the
acquisition time. Third, the EPI images were coregistered with the T1 anatomical images of each subject, and
parameter files for spatial normalization into a standard template (Montreal Neurological Institute, MNI) were
constructed for individual T1 anatomical images using a standard T1 template. All coregistered EPI volumes were
spatially normalized into an approximate standard space, resliced to a resolution of 2-mm cubic voxels, and smoothed
using a 6-mm full-width half at the maximum of the Gaussian filter kernel. The time series for each voxel was high-
pass filtered using a 1/128 Hz cut-off to remove low-frequency noise and signal drift.

fMRI data were analyzed using a general linear model in SPM12. Effects of interest were modeled using
six regressors: (1) unpleasant block in the ST, (2) neutral blocks in the ST, (3) pleasant block in the ST, (4) unpleasant
blocks in the LT, (5) neutral blocks in the LT, and (6) pleasant blocks in the LT. All regressors were convolved using
a canonical hemodynamic response function. Six motion parameters were also included as regressors of no interest.
At the first analysis level, eight contrast images were constructed: (1) ST unpleasant > ST neutral, (2) ST pleasant >
ST neutral (3) LT unpleasant > LT neutral, (4) LT pleasant > LT neutral, (5) ST neutral > ST unpleasant, (6) ST neutral
> ST pleasant, (7) LT neutral > LT unpleasant, and (8) LT neutral > LT pleasant.

The first half of the eight contrast images were used to identify the brain regions activated with emotional
picture viewing, and the second half was used to identify the deactivated brain regions. At the second level analysis,
the single-subject maps were combined at the group level in a random-effects analysis to produce statistical

parametric maps of group activation. One-sample 7-tests were performed to investigate the activation of each of the

7
DH19103 SH Hi&



eight contrasts described above. The threshold for significance was set at p < 0.01, with false discovery rate (FDR)
correction at peak level (cluster extent, k > 5). All local maxima are reported as MNI coordinates, and relevant
anatomical landmarks were identified using the anatomical automatic labeling library (AALS3;

https://www.gin.cnrs.fr/en/tools/aal/) and the atlas of the average MNI brain [12].

Regions of interest analysis

For regions of interest (ROI) analysis, we used the bilateral amygdala and ACC as anatomical ROIs
(http://marsbar.sourceforge.net/download.htm), and beta values were extracted for each participant [13]. Beta values
were measured for the following four blocks of regressors: (1) ST unpleasant block, (2) ST pleasant block, (3) LT
unpleasant block, and (4) LT pleasant block. We conducted two separate ROI analyses. The first ROI analysis
included both sessions. Four beta values were subjected to two paired #-tests (ST unpleasant vs. ST pleasant, and LT
unpleasant vs. LT pleasant) for each brain region to estimate the effect of negativity bias in each stimulation paradigm.
The Bonferroni correction was used considering multiple comparisons, and the o level was set at p <.025. The second
ROI analysis was performed to estimate whether the effect of negativity bias would change between the sessions.
Eight beta values (4 beta values x 2 sessions) were extracted from the two sessions separately. Four paired ¢-tests (ST
unpleasant vs. ST pleasant in the first session, LT unpleasant vs. LT pleasant in the first session, ST unpleasant vs.
ST pleasant in the second session, and LT unpleasant vs. LT pleasant in the second session) were performed to
estimate the negativity bias in each session. The o level was set at p < .0125 for the second ROI analysis. Data on
beta values were analyzed using the EZR statistical package [14]. We calculated the standardized effect size (Cohen’s

d) calculated by standardizing the difference between the mean values.

Results
Image analysis

Table 1 and Fig. 2 show the activated brain regions in contrast images in the ST and LT conditions for all
sessions. For the unpleasant pictures, the contrast image of ST unpleasant > ST neutral showed significant activation
in the bilateral amygdala in the ST condition. The LT unpleasant > LT neutral contrast image revealed significant
activation in the bilateral amygdala that expanded to the bilateral hippocampus and right fusiform gyrus in the LT
condition. For the pleasant pictures, a significant activation in the bilateral amygdala in the LT condition (LT pleasant
> LT neutral) was observed. In contrast, no significant activation in the amygdala was observed in the ST condition
(ST pleasant > ST neutral, see white arrows in Fig. 2).

Table 2 and Fig. 2 show the deactivation of brain regions during the presentation of unpleasant and
pleasant pictures compared to the presentation of neutral pictures for the two sessions. The analysis showed ACC
deactivation during the presentation of pleasant and unpleasant pictures, regardless of the stimulation paradigm.
Although deactivation was found in the dorsal ACC (Table 2), the ventral ACC did not show deactivation only in the

ST neutral pictures > ST pleasant contrast image (see yellow arrows in Fig. 2).
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Table 1. Results of Z-scores for the brain areas during the unpleasant or pleasant > neutral condition contrasts

MNI coordinates, mm

task Regions Z-score voxels
x v z
L Middle temporal gyrus -51 -64 13 6.86 386
R Superior / middle temporal gyrus 60 -55 7 6.18 201
R, L Cerebellum crus2 -3 -76 -35 5.17 28
L Precuneus / cuneus -6 -64 16 4.86 351
L Hippocampus / amygdala -27 -16 -8 4.57 31
L Thalamus -3 -22 7 4.48 114
ST R Cerebellum 7b, 8 15 -76 -44 4.37 20
Unpleasant L Precentral gyrus -42 -4 55 4.36 26
> ST Neutral L Medial superior frontal gyrus -6 50 25 4.32 34
R Superior temporal gyrus 54 -4 -11 4.31 14
L Inferior occipital gyrus -42 -85 -11 4.19 8
R Posterior cingulate cortex 18 -46 4 4.1 7
R Amygdala 24 -1 -14 3.97 6
L Superior temporal gyrus -57 -1 -14 3.94 7
L Precentral gyrus -45 2 34 3.91 9
R Fusiform gyrus/ R, L Amygdala 33 -67 -8 7.81 6,236
L Pars orbitalis of inferior frontal gyrus -42 26 -11 5.16 52
L Medial superior frontal gyrus -3 59 31 5.15 77
L Precentral gyrus -51 5 49 4.42 89
LT L Superior / Inferior parieral lobule -24 -64 52 4.39 46
Unpleasant R Middle frontal gyrus 57 14 40 4.38 38
>LT Neutral [ Cerebellum 9, 10 -15 -46 -44 435 6
R Superior temporal gyrus 45 20 -20 4.16 12
R Cerebellum 9 15 -43 -47 4.14 10
R Superior parietal gyrus 27 -55 55 3.92 25
R Superior / middle temporal gyrus 51 -4 -17 3.59 7
L Middle temporal gyrus -51 -67 10 5.93 489
ST Pleasant R Middle temporal gyrus 54 -58 13 5.5 304
> ST Neutral L Fusiform gyrus -39 -85 -14 5.45 45
R Calcarine cortex / lingual gyrus 9 -64 10 4.79 648
R Calcarine sulcus/ occiptal gyrus 21 -94 -2 7.56 4,394
LT Pleasant
L Parahippocampus gyrus / thalamus -18 -31 -2 5.89 245
> LT Neutral
L Posterior orbitofrontal cortex / -39 26 -14 4.84 140
10
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pars orbitalis of inferior frontal gyrus
L Amygdala / putamen

L Cerebelum Crus2, 7b

L Medial superior frontal gyrus

L Thalamus

R Amygdala

R Precentral gyrus

-6

24

54

59

-13

4

11

-14

40

4.09

3.97

3.85

3.80

3.77

3.45

15

17

80

18

11

68

R: right hemisphere, L: left hemisphere, ACC; Anterior cingulate cortex ST: short-simple task condition, LT: long-

complex task condition, MNI: Montreal Neurological Institute. p < 0.01 (FDR correction) k > 5

Table 2. Results of Z-score for brain areas during neutral > unpleasant or pleasant condition contrasts

task Regions MNI coordinates, mm z-score  voxels
X y z
ST neutral R Fusiform gyrus / parahippocampal gyrus 30 -43 -14 7.69 3,404
> ST L Superor parietal loube -18 -67 40 5.13 224
unpleasant [ Middle frontal gyrus / -33 23 58 4.75 61
L Superior Frontal gyrus
RACC 12 38 16 4.6 41
L Posterior cingulate cortex -6 -34 40 4.32 83
R Caudate nucleus / putamen 15 23 4 4.02 16
R Cerebellum crus2, crusl 39 -64 -41 39 34
R Superior frontal gyrus 30 29 58 3.84 83
R Middle frontal gyrus 39 35 19 3.81 27
R Middle cingulate cortex 6 -10 31 3.79 8
LACC -9 41 -2 3.75 27
R Pars triangularis of inferior frontal gyrus 39 41 -2 3.63 26
L Supramarginal gyrus -54 -40 52 3.61 10
LT neutral L Superior Frontal gyrus -30 32 34 7.3 26,842
>LT L Cerebelum crus2, crusl -39 -64 -41 6.29 552
unpleasant R Cerebelum crusl, 6 36 -61 -38 3.85 237
L Cerebelum 8 -12 -64 -50 3.47 10
ST neutral R Fusiform gyrus / parahippocampal gyrus 30 -43 -14 7.54 204
> ST L Fusiform gyrus / lingual gyrus =27 -49 -14 6.25 325
pleasant L Superior / middle Occipital gyrus -12 -94 19 5.51 160
R Superior / middle occipital gyrus 27 -82 16 5.47 79
RACC 9 38 16 5.35 42
11
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R Posterior cingulate cortex 6 -31 40 5.19 176

L Middle cingulate cortex / caudate nucleus -12 -10 28 4.76 33
R Putamen / insula 24 20 -5 4.63 15
L Angular gyrus / Supramarginal gyrus -42 -46 34 4.54 59
R Pars orbitalis / pars triangularis of inferiror frontal gyrus 39 38 -5 4.51 50
R Inferior parietal lobule / Supramarginal gyrus 42 -40 43 4.51 157
L Insula / amygdala -33 -1 -17 4.31 12
L Supplementary motor cortex -9 11 52 4.17 12
R Pars opercularis / 45 14 13 4.16 21

pars triangularis of inferior frontal gyrus

R Middle occipital gyrus 36 -76 40 4.16 8
R Thalamus / caudate nucleus 12 -7 25 4.13 34
R Superior / middle frontal gyrus 24 14 55 3.94 50
R Middle frontal gyrus / pars triangularis of inferior frontal 42 35 22 3.91 14
gyrus
L Middle frontal gyrus -39 23 52 3.9 11
R Superior frontal gyrus 18 8 64 3.86 6
R Middle temporal gyrus 66 -22 -11 3.8 20
R Supramarginal gyrus 60 -34 25 3.79 6
R Middle temporal gyrus 51 -40 -8 3.77 6
L Middle temporal gyrus -60 -43 -5 3.73 9
L Superior pariental lobule -18 -67 40 3.7 10
R Middle frontal gyrus 30 29 31 3.69 11
L Middle frontal gyrus -39 35 22 3.62 6
R Anterior / middle cingulate cortex 9 17 22 3.6 9
LT neutral R, L Posterior cingulate cortex/ 6 -34 28 6.14 10,343
>LT R,LACC

pleasant L Cerebelum posterior lobe -39 -67 -47 5.1 305
R Cerebelum anterior lobe 18 -61 -26 4.92 191
R Pars opercularis of inferiror frontal gyrus 54 8 16 4.68 96
R Cerebelum posterior lobe 15 -64 -50 4.01 22
L Cerebelum posterior lobe -6 -58 -50 3.66 19
L Superior/ middle frontal gyrus -21 53 7 32 8
R Precuneus 30 -55 19 3.02 7

R: right hemisphere, L: left hemisphere, ACC; Anterior cingulate cortex ST: short-simple task condition, LT: long-
complex task condition, MNI: Montreal Neurological Institute. p < 0.01 (FDR correction) k > 5
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Table 3. Results of beta values for the amygdala and ACC in each and all sessions

Amygdala ACC
session contrast
short-simple long-complex short-simple long-complex
u 0.177 =+ 0.149 * 0.163 + 0.332 ) + 0.190 -0.252 + 0.376 *
0.0333
Ist n.s n.s
P 0.0779 + 0.163 d=0.63 0.0800 + 0.385 + 0.144 -0.150 + 0344 d=0.28
0.0730
u 0.0897 =+ 0.141 * 0.0641 + 0.293 ) + 0.201 -0.301 + 0314
0.0965
2nd n.s n.s n.s.
P -0.0130 + 0.138 d=0.74 0.00719 <+ 0.303 + 0.203 -0.218 + 0.358
0.0756
u 0.267 =+ 0.208 * 0.2269 + 0.495 * -0.130 + 0.271 -0.554 + 0.495 *
combined n.s.
P 0.0645 + 0.205 d=0.98 0.0874 + 0.502 d=0.28 -0.149 =+ 0.251 -0.369 + 0.516 d=0.37

The anatomical position sets the regions of interest in MarsBar and shows the extracted and shows the mean and
standard deviation of the extracted beta values. Statistical analysis was performed using a paired ¢-test. A Bonferroni
correction was used to compare multiplicity. Therefore, the significance level was set at p < 0.025 for all sessions and
p < 0.0125 for each session. The effect size (d) was calculated by standardizing the difference between the mean

values. u; unpleasant pictures p; pleasant pictures, *; significantly different, and n.s.; no significant difference.

Regions of interest analysis

Table 3 shows the results of ROI analyses for both the analysis of all the sessions combined and for the
analysis where the data of each session was analyzed separately. The difference in the beta values for the amygdala
between unpleasant and pleasant pictures combining all sessions was significant between the ST condition (#26) =
2.46, p < 0.025) and the LT condition (#(26) = 6.87, p < 0.025). The effect size of the ST condition was 0.98, while
that of the LT condition was 0.28. The beta values for the ACC on combining all sessions were not significantly
different between pleasant and unpleasant pictures in the ST condition (#(26) = 0.382), whereas there was a significant
difference in the LT condition between the values for pleasant and unpleasant pictures (£(26) = -2.84, p < 0.025). The
effect size of the LT condition was 0.37.

We examined the difference in beta values between pleasant and unpleasant pictures for each session in
the amygdala and ACC. The first session of the ST condition showed a significant difference between pleasant and
unpleasant pictures (#(26) = -3.44, p < 0.0125), whereas the LT condition showed no significant difference (#(26) = -
2.25). The beta values for the amygdala in the second session were significantly different between emotional pictures
(pleasant vs. unpleasant) in the ST condition (#(26) = -4.99, p < 0.0125). On the other hand, there was no significant
difference between the emotional pictures in the LT condition (#26) = -1.32) in the second session. Beta values of
ACC showed no significant difference between the emotional pictures in the first and second sessions of ST condition
(ST in the first session: #(26) = -1.32; ST in the second session: #26) = -0.666). In the LT condition, there was a
significant difference between the emotional pictures in the first session (#26) = 2.87, p < 0.0125), and no significant

difference in the second session (#(26) = -1.44). The effect size of the LT condition in the first session, where we
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found a significant difference, was 0.28.

Discussion

The contrast image analyses in the present study showed that the amygdala was activated both in the ST
and LT condition when unpleasant pictures were presented. For pleasant picture presentation, the contrast image
analyses in the ST condition did not show any significant activation in the amygdala (see white arrows in Fig. 2). The
extracted amygdala beta values for pleasant pictures were significantly smaller than the values for unpleasant pictures
in the first, second, and combined sessions for the ST condition, and the beta values for pleasant pictures in the ST
condition were close to zero (Table. 3). In the LT condition, only the combined session showed that the amygdala
beta value for pleasant picture presentation was significantly smaller than the value for the unpleasant picture
presentation. Deactivation of the ACC was observed in both the ST and LT conditions with pleasant and unpleasant
pictures. The extracted ACC beta values were significantly different between pleasant and unpleasant images in the
first and combined sessions of the LT condition, while no difference was observed in the first, second, and combined
sessions of the ST condition.

We discuss the effects of negativity bias on activity in the amygdala and ACC in the following sections.

Amygdala

The results the present study indicated that only the unpleasant, but not the pleasant pictures, could activate
the amygdala even in the short and simple stimulation paradigm. As mentioned in the methods section, we ensured
that the relative emotional valence and arousal score of the selected unpleasant pictures was relatively similar to that
of the pleasant pictures. Therefore, we can exclude the possibility that the observed activation difference in the
amygdala stems from the difference in the relative emotional valence and arousal score of the emotional pictures.

A possible explanation of the difference observed in the activation of the amygdala in response to pleasant
and unpleasant pictures is the negativity bias. According to the theory of negativity bias, negative stimuli are
processed faster and more efficiently than positive stimuli [7]. In the ST condition, the unpleasant pictures could be
processed faster than the pleasant pictures, and this might be a reason for the difference observed in the activation of
the amygdala for pleasant and unpleasant pictures in the ST condition.

The results of the ROI analysis in the ST condition also indicated that the extracted beta values for the
amygdala in the first, second, and the combined sessions were significantly larger for unpleasant pictures than those
for pleasant pictures. In particular, the effect sizes (d) were relatively large, and the maximum value (0.98) was
observed in the combined sessions. These results suggest that the ST condition is affected by negativity bias from the
first session to the second session. These results of the ROI analyses support the notion that the unpleasant pictures
could be processed faster than the pleasant pictures, and this might be a reason for the larger activation of the
amygdala for unpleasant pictures than that for pleasant pictures in the short and simple stimulation paradigm.

On the other hand, the results of the ROI analysis in the LT condition showed no difference in amygdala
activity between pleasant and unpleasant pictures in the first and second sessions. Although the beta value in the
combined sessions revealed a significant difference in amygdala activity between emotional pictures, the effect size
(0.28) was smaller than that in the ST condition (0.98). These results indicate that the effect of negativity bias is
reduced in the LT condition. If the effect of unpleasant pictures on the activity in the amygdala is cumulative, the

effect of negativity bias should be the same or even greater as more emotional pictures are presented and repeated.
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One possible reason for the reduced effect of negativity bias in the LT condition is the inhibition or habituation to
repeatedly presented unpleasant pictures. Previous studies have shown that the amygdala rapidly habituates to
repeatedly presented emotional visual stimuli [15], and the activity of the amygdala decreases as it habituates [16].
Therefore, we assume that the amygdala could habituate to unpleasant pictures in the LT condition because the region
responded faster to unpleasant pictures than pleasant pictures. On the other hand, the effect of habituation to pleasant
pictures might be small because amygdala activation to pleasant pictures was smaller than that to unpleasant pictures
due to the slower processing of pleasant pictures. As a result, the effect of negativity bias in the LT condition would
be reduced compared with that in the ST condition because of the differences in activity and habituation of the
amygdala for pleasant and unpleasant pictures.

As we hypothesized, the effect of negativity bias on amygdala activation was more prominent in the short
and simple conditions than that in the long and complex conditions. The findings of the present study suggest that
the effect of negativity bias varies with the task condition of the visual stimulus. In particular, when employing a
short and simple paradigm for pleasant stimuli, the effect of negativity bias is prominent, suggesting that setting an

appropriate stimulation paradigm is crucial.

ACC

In the present study, contrast-image analyses showed the deactivation of the ACC in the ST and LT
conditions for pleasant and unpleasant pictures. Similar to the results of the present study, there are reports that
presentation of pictures from the IAPS deactivated the ACC [8]. However, other studies using emotional visual
stimuli have reported both the activation and deactivation of the ACC [18]. These contradicting reports may be
attributed to the differences in the subregions of the ACC. The ACC can be divided into the dorsal and ventral ACC.
The dorsal ACC functions to identify the relevance of the incoming stimuli to guide the generation of appropriate
behavior in response [18] and performs a regulatory role in the generation of emotions [19]. On the other hand, the
ventral ACC, which has a strong connectivity to the amygdala [20], is thought to play an important role in emotional
processing [17]. Some studies have reported that the activity of the ventral ACC negatively correlated with that of
the amygdala. These facts suggest that the ventral ACC works as a mediator of the amygdala activity [21-23].
Moreover, the ventral ACC is strongly influenced by the negativity bias and its effect may represent a potential
cognitive characteristic of depression in healthy individuals [20]. These reports indicate the importance of the
examination of the effects of negativity bias on the ACC, which contributes to emotional processing. In the present
study, pleasant pictures significantly deactivated the dorsal ACC in the ST conditions, whereas they neither activated
nor deactivated the ventral ACC. The results of the dorsal ACC indicate that the region is less affected by negativity
bias because the deactivation in response to pleasant pictures in the ST condition indicates that the dorsal ACC
processed faster, even in the case of pleasant pictures. On the other hand, the ventral ACC was deactivated only for
unpleasant pictures in the ST condition, suggesting that the ventral ACC is affected by negativity bias. Therefore,
results support the idea that the ventral ACC is sensitive to negativity bias and the region functions as a controller of
emotional processing [17,20].

In the results of the ROI analysis on the ACC that included both the dorsal and ventral ACC, there was no
difference in the beta values between pleasant and unpleasant pictures in the ST condition. These results indicate that
the effect of the negativity bias on the ACC was small, and the effect was different for the amygdala and ACC. In

case of the results of the ROI analysis in the LT condition, there was a significant difference between pleasant and
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unpleasant pictures in the first and combined sessions, whereas there was no difference in the second session. We
assume that the ACC inhibited the amygdala during the presentation of unpleasant pictures in the first session. In the
second session, the ACC reduced the inhibition of the amygdala because the amygdala was habituated and reduced
its activity in response to unpleasant pictures. As a result, there was no difference in the deactivation of the ACC
between pleasant and unpleasant pictures in the second session. In the ROI analysis in the combined sessions, there
was a significant difference between pleasant and unpleasant pictures. However, the effect sizes of ACC deactivation
in the LT condition in the first session and the combined sessions were small between pleasant and unpleasant pictures.
Thus, we suggest that the effect of negativity bias on the ACC could be small in a long and complex stimulation
paradigm.

In summary, the ACC, which included both the dorsal and ventral ACC, in the short and simple task showed
no significant difference in deactivation in response to emotional pictures. In the long and complex task condition,
we showed significant differences in response to emotional pictures; however, the effect sizes were small, suggesting

that the effect of negativity bias was also small.

Conclusion

In conclusion, we observed amygdala activation and ACC deactivation in the simple and short task
condition when healthy participants were presented with visual IAPS stimuli with unpleasant pictures. The amygdala
activation and the ventral ACC deactivation were not observed in the ST condition for the presentation of the pleasant
pictures. These results suggest that the effect of negativity bias on the amygdala and the ventral ACC could be
pronounced in the short and simple stimulation paradigm of pleasant pictures. On the other hand, the ACC, which
includes ventral and dorsal ACC, was affected by negativity bias only in the long and complex task conditions.
Therefore, the task length should be given appropriate consideration while designing visual stimulus paradigms, such
as simple or complex paradigm, because the effect of negativity bias depends on the activity of the anatomical neural
regions and their subregions, including the amygdala and dorsal and ventral ACC, which is in turn influenced by the

length of the task.
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Legends for illustrations

Fig. 1 Schematic representation of the experimental paradigm.

For the session of 610 seconds, a set of pleasant, unpleasant, and neutral pictures from the international affective
picture system database were presented within the two tasks: short-simple task and long-complex task. The short-
simple task was divided into five blocks, each of which included the presentation of neutral, pleasant, and unpleasant
pictures. The long-complex task was divided into 10 blocks. The order of the presentation of pleasant and unpleasant

pictures in the long-complex task was counterbalanced between participants (Pattern A and Pattern B).

Fig. 2 Statistical parametric maps of the brain regions showed significant increases in the blood oxygenation level
dependent image contrast associated with short-simple and long-complex task conditions (p < 0.01, false discovery
rate corrected). White arrows indicate the amygdala, and yellow arrows indicate the ventral ACC. ST: short-simple

task condition, LT: long-complex task condition, and R: right.

18
DH19103 SH Hi&



FFEEARY A

1. Ohgami Y, Kotani Y, Yoshida N, et al. Voice, rhythm, and beep stimuli differently affect the right hemisphere
preponderance and components of stimulus-preceding negativity. Biol Psychol. 2021;160(February):108048.

2. Yoshida N, Kotani Y, Ohgami Y, et al. Effects of negativity bias on amygdala and anterior cingulate cortex activity
in short and long emotional stimulation paradigms. Neuroreport. 2021;32(6):531-539.

3. Kotani Y, Ohgami Y, Yoshida N, et al. Anticipation process of the human brain measured by stimulus-preceding
negativity (SPN). J Phys Fit Sport Med. 2017;6(1):7-14.

1. Ohgami Y, Kotani Y, Yoshida N, et al.: Information Flow of the Right Anterior Insula Revealed by fMRI-
Constrained EEG Source Analysis. 2020 Virtual Annual Meeting of Society for Psychophysiological Research,
Virtual, Oct. 2020.

2. Kotani Y, Yoshida N, Ohgami Y, et al.: The Effect of Task Length on Functional Connectivity of the Amygdala in
a Picture Viewing Task. 2020 Virtual Annual Meeting of Society for Psychophysiological Research, Virtual, Oct.
2020.

3. Ohgami Y, Kotani Y, Yoshida N, et al.: Connectivity Dynamics of the Right Anterior Insula Revealed by EEG
Source Analysis. Annual Meeting of the Organization of Human Brain mapping, Abstract Listings, p. 144, June 2020.
4. Kotani Y, Yoshida N, Ohgami Y, et al.: Functional Connectivity of Amygdala in a Simple and Short Picture Viewing
Task. Annual Meeting of the Organization of Human Brain Mapping, Abstract Listings, p. 144, June 2020.

5. Ohgami Y, Kotani Y, Yoshida N, et al.: Connectivity dynamics between the right anterior insula and the anterior
cingulate cortex during anticipation of interoceptive response. The 59th Annual Meeting of Society for
Psychophysiological Research, Washington, S40, Sept. 2019.

6. Kotani Y, Ohgami Y, Yoshida N, et al.: Activation in the amygdala in a simple and short picture viewing task for
clinical application. The 59th Annual Meeting of Society for Psychophysiological Research, Washington, Sept. 2019.
7. Kotani Y, Ohgami Y, Yoshida N, et al.: Activation in the amygdala in a simple and short picture viewing task.
Annual Meeting of the Organization of Human Brain Mapping, Rome, June 2019.

8. Ohgami Y, Kotani Y, Yoshida N, et al.: Connectivity dynamics between the right anterior insula and the anterior
cingulate cortex. Annual Meeting of the Organization of Human Brain Mapping, Rome, June 2019.

9. Ohgami Y, Kotani Y, Yoshida N, et al.: Neural substrates of early and late SPN before face, word and symbol
stimuli, The 58th Annual Meeting of Society for Psychophysiological Research, Quebec, Oct. 2018.

10. Kotani Y, Ohgami Y, Yoshida N, et al.: Different roles of left and right anterior insula in anticipation of behavioral
information and reward information, The 58th Annual Meeting of Society for Psychophysiological Research, Quebec,
Oct. 2018.

11. Kotani Y, Ohgami Y, Yoshida N, et al.: fMRI constrained source analysis on stimulus-preceding negativity before
face, word and symbol. Annual Meeting of the Organization of Human Brain Mapping, Singapore, June 2018.

12. Ohgami Y, Kotani Y, Yoshida N, et al.: Functional dissociation of left and right anterior insula in anticipation,

Annual Meeting of the Organization of Human Brain Mapping, Singapore, June 2018.

19
DH19103 SH Hi&



13. Ohgami Y, Kotani Y, Yoshida N, et al.: The contents of auditory stimulus affect brain regions involved in
anticipation: An fMRI study. The 57th Annual Meeting of Society for Psychophysiological Research, Vienna, Oct.
2017.

14. Kotani Y, Ohgami Y, Yoshida N, et al.: Components of Stimulus-preceding negativity prior to voice, beep, and
rhythmic sound. The 57th Annual Meeting of Society for Psychophysiological Research, Vienna, S75, Oct. 2017.
15. Kotani Y, Ohgami Y, Yoshida N, et al.: Hemispheric difference in anticipation process of voice, beep, and rhythmic
sound. Annual Meeting of the Organization of Human Brain Mapping, Vancouver, June 2017.

16. Ohgami Y, Kotani Y, Yoshida N, et al.: Anticipation process for voice is faster than anticipation process for
rhythmic sound. Annual Meeting of the Organization of Human Brain Mapping, Vancouver, June 2017.

17. Ohgami Y, Kotani Y, Yoshida N, et al.: Stimulus-preceding negativity prior to voice, beep, and rhythmic sound.
The 56th Annual Meeting of Society for Psychophysiological Research, Seattle, Sept. 2016.

18. Kotani Y, Ohgami Y, Yoshida N, et al.: Activation in the right anterior insular cortex in anticipation of reward
information. The 56th Annual Meeting of Society for Psychophysiological Research, Seattle, Sept. 2016.

19. Kb cE, /v AL EWE CERE, —6.0 5 A IO T HIRITESET IRV EAL(SPN) O i A4y A 1
IESES. B38A H AL FLLE R, IR, 2020.8.

20. Kb REE, /v RAL EHOCETE, —5. AR BUE LA HRRBUEIC B T DG A PE DR RIZEAL.
3700 A BLOE R KRR, BT, 2019.3.

21 /v AN KB IREE, BHOCETE, —H. BARRE R RIS T D RAMAOIRTE. #3710 A
ARAEFOLETRRE, BiAR, 2019.3.

22, KRB HEE, /vy WAL EHE CETE, —b. IMRIFIBRY — 2534712 &5 SPNRTHI R 43 & 1% 1 55y D FE LR
DIFRE. F36hl A ALFLLIRRE, /N, 2018.3.

23. /0y AN KRB REE, HHOEIE, —b. BEVERS IO TENEISIZ B DR S BB OB RERY /A 2.
g6 B ALEBLE A RS, /A, 2018.3.

24, KRB WCE, s R/AL GER BT, —6. BRI T2 MEENL (SPN) ORI Aoy &2 1K
4y, B5350E] HARABLO B R4y, JiEil, 2017.8.

25. M OCHIE, ML R, =R H”*‘*EB —5.: BB TR R DT D OB INBI S AT LOKE. 273
[A] B AT BREIN F A 2 TR Bl 2017.4.

26, K b lEE, /g RAIL HH OEWE, —b. BF - ART 5 BT E O LR ST e TR

fr 5340 A ARAFLLH AR RS, 440, 2016.8.

27. HH CEWE, M4 R, ORI RZ1T, —5. CTREFEHG O FAERIRHTI @ L 72~ 7o hA DR ER T O,
7200 A AR R RTINS, ik, 2016.4.

28. /NP E B @il BREL JIE B SRV RIS T 20 131 1-MIBGAEFEHE T O -
VD AIZLDIREE H2500] H ABZE PRI AR R RE, i, 2005.6.

29. HHIL ARSE, /hEBr R BUK, El BEEZ, —B. 6-OHDAFEH /X —F L VU PiET LTy MIB T 51311
MIBGORNENTE. 5524[0] H AL R AT A28 R AR R, T3, 2004.6.

=

20
DH19103 SH Hi&



