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Abstract

Most of our social interaction is naturally based on emotional information derived from the perception of faces of other
people. Negative facial expressions of a counterpart might trigger negative emotions and initiate emotion regulatory efforts to
reduce the impact of the received emotional message in a perceiver. Despite the high adaptive value of emotion regulation in
social interaction, the neural underpinnings of it are largely unknown. To remedy this, this study investigated individual
differences in emotion regulation effectiveness during the reappraisal of angry faces on the underlying functional activity
using functional magnetic resonance imaging (fMRI) as well as the underlying functional connectivity using resting-state
fMRI. Greater emotion regulation ability was associated with greater functional activity in the ventromedial prefrontal cortex.
Furthermore, greater functional coupling between activity in the ventrolateral prefrontal cortex and the amygdala was associ-
ated with emotion regulation success. Our findings provide a first link between prefrontal cognitive control and subcortical
emotion processing systems during successful emotion regulation in an explicitly social context.
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Introduction

Due to our highly social environment, the human brain is speci-
alized in the processing of others’ emotional facial expressions
(Palermo and Rhodes, 2007; Tamietto and de Gelder, 2010).
However, the perception of emotional facial expressions in
others does not automatically trigger emotional responses in a
perceiver; cognitive control mechanisms support appropriate
and flexible emotional responding according to a given social
context (Blechert et al., 2012). Thus, successful emotion regula-
tion plays a fundamental role in interpersonal functioning and
social interaction. However, surprisingly the ability to

successfully regulate one’s emotions in response to a socio-
emotional stimulus like emotional facial expressions has been
understudied so far.

Previous neuroimaging studies primarily focused on the
down-regulation of emotion using reappraisal in response to
complex emotionally evocative scenes taken from the interna-
tional affective picture system (IAPS) (Bradley and Lang, 2007)
(for an overview please see Ochsner et al., 2012; Buhle et al., 2013;
Kohn et al., 2014). Reappraisal refers to the cognitive re-
evaluation of a potentially emotionally arousing event by altering
its emotional impact (Gross and Thompson, 2007). The emotional
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impact of an event on our emotional state can either be
increased or decreased, e.g. one could emotionally engage to
great extent with an arousing situation and feel more anxious or
one could try to distance oneself from the emotional situation by
framing it in another (e.g. more positive) way. This up- or down-
regulation of affective responses represents two distinct re-
appraisal goals (McRae et al., 2012a; Ochsner et al., 2012; Gross,
2013); however, most studies have focused on down-regulation.
Based on numerous neuroimaging studies a well-established
network of brain regions has been associated with reappraisal
(Ochsner and Gross, 2005; Phillips et al., 2008; Kalisch, 2009;
Diekhof et al., 2011; Ochsner et al., 2012; Buhle et al., 2013; Frank
et al., 2014; Kohn et al., 2014). Emotion regulation involves frontal
[dorsolateral prefrontal cortex (DLPFC), ventrolateral prefrontal
cortex (VLPFC)], temporal [temporal pole, superior and middle
temporal gyrus (STG and MTG), temporo-parietal junction], med-
ial [dorsomedial and ventromedial PFC (VMPFC), medial orbito-
frontal cortex, anterior cingulate cortex (ACC), posterior cingulate
cortex (PCC)], parietal [inferior and superior parietal lobe (IPL and
SPL)] as well as subcortical regions (ventral striatum, amygdala)
and the insula.

Only few studies so far investigated explicit emotion regula-
tion, i.e. reappraisal, in response to facial expressions or dy-
namic social stimuli (Goldin et al., 2009; Blechert et al., 2012;
McRae et al., 2012b; Ziv et al., 2013; Otto et al., 2014; Nelson et al.,
2015). These studies either found an increase in response
(McRae et al., 2012b; Nelson et al., 2015) or no significant changes
in response (Goldin et al., 2009; Ziv et al., 2013; Otto et al., 2014)
in the amygdala during reappraisal. Furthermore, enhanced ac-
tivity was reported in the DLPFC, VLPFC and medial PFC in some
studies (Goldin et al., 2009; Nelson et al., 2015), while others re-
port more widespread activity in parietal as well as temporal re-
gions, ACC and PCC in addition to frontal areas (Ziv et al., 2013;
Otto et al., 2014). These inconsistent findings might be related to
individuals’ reappraisal ability (i.e. task-related regulation suc-
cess), which has not been considered in these studies.

Individual differences in the ability to reappraise one’s emo-
tions are likely to change the neural responses during emotion
processing: previous studies demonstrated that such abilities go
along with increased activity in prefrontal cognitive control re-
gions (Ochsner et al., 2002, 2004b; Phan et al., 2005; Urry et al.,
2006; Wager et al., 2008) and in the amygdala (Eippert et al., 2007).
Furthermore, individuals who are more successful in emotion
regulation demonstrate greater effective connectivity between
the amygdala and lateral and medial PFC (Banks et al., 2007).
Recently, a link between emotion regulation ability and intrinsic
functional brain architecture was found: successful reappraisal
was correlated with greater activity in medial and lateral pre-
frontal regions and lesser resting-state functional connectivity
(rsFC) between right amygdala and both medial prefrontal and
PCCs as well as between bilateral DLPFC and posterior visual cor-
tices (Uchida et al., 2015). These findings suggest that individual
differences in reappraisal success might not only affect func-
tional activity within emotion regulation related brain regions
during active task engagement but also its intrinsic functional
connectivity at rest.

In this study, we investigated individual differences in emo-
tion regulation effectiveness during the reappraisal of negative
faces (anger expression) using functional magnetic resonance
imaging (fMRI) and rsFC analysis. To probe the regulatory flexi-
bility, i.e. the ability to adopt different regulatory goals, partici-
pants were asked to either engage with the depicted emotion
(Increase) or to down-regulate their emotion (Decrease). In the
control condition, participants were asked to passively view the

faces (Observe). After each trial, participants rated their emo-
tional state, which was used as measure for reappraisal success.
On a behavioural level, emotional state ratings are expected
to follow regulation goals: up-regulation leads to an increase of
negative feelings, while down-regulation is associated with a de-
crease in negative affect. On a neural level, we hypothesized an
increase in activity in prefrontal cognitive control regions such
as DLPFC and VLPFC including inferior frontal gyrus (IFG), medial
PFC, ACC as well as temporal regions (STG, MTG) during
the down-regulation of emotions in response to negative facial
expressions. Similar regions might be recruited during up-regu-
lation; however, no study has so far examined this, precluding
firm predictions. Neither did the pervious literature warrant dir-
ectional hypothesis for amygdala responding during the down-
regulation of emotions in response to faces.

Subsequent functional connectivity analyses focused on re-
gions identified during the emotion regulation task (contrasting
Decrease vs Observe-angry) that correlated with task-related re-
appraisal success including the VMPFC. In addition, we used the
left and right amygdala as seed regions as both have consist-
ently been implicated in emotion generative processes, the pro-
cessing of social information in faces (Phan et al., 2002; Sergerie
et al., 2008; Adolphs, 2010; Ray and Zald, 2012; Murray et al.,
2014) as well as emotion regulation (Diekhof et al., 2011; Buhle
et al., 2013; Frank et al., 2014). We expected less resting-state
connectivity between right amygdala and medial PFC and PCC
based on a recent study (Uchida et al., 2015).

Materials and methods
Participants

Sixty healthy, right-handed participants with normal or cor-
rected to normal vision gave written, informed consent and par-
ticipated in the fMRI experiment (30 females, mean age¼ 30.48
years, s.d.¼ 11.10, range¼ 18–57). Due to technical problems
with data acquisition, 12 participants did not participate in the
resting-state experiment. The final sample for the resting-state
experiment consisted of 48 participants (25 females, mean
age¼ 29.70 years, s.d.¼ 11.08). All participants reported no his-
tory of neurological or psychiatric disorders based on the
German version of the structural clinical interview (Wittchen
et al., 1997). To control for potential differences based on neuro-
cognitive abilities, participants were administered neuropsy-
chological tests tapping verbal intelligence (Wortschatztest,
WST) (Schmidt and Metzler, 1992) and executive functions
(trail-making test, TMT-A/B) (Reitan, 1956).

To assure that our sample did not differ from the popula-
tion average, we obtained several questionnaires relating to
emotion processing and regulation, which were not used as
covariates for further analyses. Participants rated their state
and trait anxiety using the State Trait Anxiety Inventory(STAI)
(Spielberger et al., 1970; Laux et al., 1981), and we also tested for
severity of depressive symptoms [Becks Depression Scale (BDI
2)] (Hautzinger et al., 2006). Alexithymia, the inability to de-
scribe and regulate one’s emotions, was assessed using the
Toronto Alexithymia Scale (TAS)-20 (Bach et al., 1996).
Individual differences in habitual emotion regulation strat-
egies (suppression and reappraisal) was assessed using the
emotion regulation questionnaire (Gross and John, 2003; Abler
and Kessler, 2009) and the emotion regulation inventory
(König, 2011). Details on sample characteristics are listed in
Table 1. The study was approved by the ethics committee of
the Medical Faculty of the RWTH Aachen University.
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Experimental design

Stimuli. Stimuli consisted of 140 images from the FACES set
(60 angry male, 60 angry female, 10 neutral male, 10 neutral
female facial expressions) (Ebner et al., 2010). In a behavioural
pre-test, the stimuli were evaluated by a different group of 31
participants (16 females, mean age¼ 31.00 years, s.d.¼ 14.41).
Participants rated the faces on valence and arousal on a nine-
point Likert scale from 1 (very positive/calm) to 9 (very negative/
highly arousing). The results showed a main effect of valence
[F(1,30) ¼ 67.24, P< 0.001] and arousal [F(1,30) ¼ 631.63, P< 0.001]
but no significant interaction effect [F(1,30) ¼ 1.77, P¼ 0.193].
Angry faces were rated as more negative [t(30) ¼ 19.80, P< 0.001]
and arousing [t(30) ¼ 15.75, P< 0.001] than neutral faces.

During the fMRI experiment, images were presented in the
centre of the screen with an 800 � 600 pixel display subtending
32� � 24� visual angle on dual display goggles (VisuaStim, MR
Research, USA) using the stimulation software Presentation
(Version 14.1, Neurobehavioural Systems, USA).

Reappraisal task. The task design has been adapted from previ-
ous studies on emotion regulation using reappraisal (Ochsner
et al., 2004b; Eippert et al., 2007; Kim & Hamann, 2007; Domes
et al., 2010; Morawetz et al., 2016a). Three task conditions were
implemented in the experiment (Figure 1). In the Observe condi-
tion, participants were presented with either angry (Observe-
angry) or neutral (Observe-neutral) faces and were asked to view
the stimuli attentively and allow to experience/feel any emo-
tional responses, which these might elicit without trying to ma-
nipulate them. In the Increase condition, participants were asked
to imagine that the depicted person was associated and angry/
upset with them, because they had done something wrong (Ziv
et al., 2013). In contrast, in the Decrease condition, participants
were instructed to imagine that the depicted person was un-
known to them and just had a bad day (Blechert et al., 2012; Ziv
et al., 2013). All participants received a training session to prac-
tice the reappraisal strategies before scanning. The training ses-
sion consisted of 1 Observe-neutral, 1 Observe-angry, 3 Increase
and 3 Decrease trials and lasted �5–10 min.

A mixed block/event-related design was used implementing
the three task conditions in a fixed order to allow for the simul-
taneous modelling of the transient, trial-related and the sus-
tained, task-related blood-oxygen level dependent (BOLD) signals
(Petersen and Dubis, 2012). Each block started with an auditory
instruction via headphones indicating the experimental condi-
tion (first block: Observe; second and third block: Increase/
Decrease). The experimental conditions of the second and third
block were counterbalanced across participants, i.e. either start-
ing with Increase followed by Decrease or vice versa. Each trial
started with a face displayed for 3 s, followed by an emotional
state rating (4 s). Participants were asked to rate their current
emotional state with regard to the depicted person on a scale
from 1 (unpleasant/bad) to 8 (pleasant/well) by pressing a button
on a button fibre optic response pad (Cambridge Research
Systems Ltd, England), providing a measure of trial-by-trial emo-
tional state. Finally, a fixation cross presented in the centre of
the screen for 5–9 s concluded the trial.

The first run (Observe condition) consisted of 60 trials and
lasted 15 min (Observe-angry: 40 trials, Observe-neutral: 20 trials).
The second and third run (Increase/Decrease condition) consisted
of 40 trials each, lasting 10 min. Resting-state data were col-
lected prior to the fMRI experiment.

MRI procedures

fMRI data acquisition. Whole-brain functional and anatomical
images were acquired using a 3.0 T Magnetom TimTrio MRI
scanner (Siemens, Erlangen, Germany) and a 12-channel head
coil. A high-resolution 3D T1-weighted dataset was acquired for
each participant (176 sagittal sections, 1 � 1 � 1 mm3; 256 � 256
data acquisition matrix). Functional images were acquired using
a T2*-weighted, gradient-echo echo planar imaging (EPI) pulse
sequence recording 36 sections oriented parallel to the anterior
and posterior commissure at an in-plane resolution of 3.2 � 3.2
� 3.2 mm3 (interslice gap¼ 3.84; echo time (TE)¼ 30 ms; repeti-
tion time (TR)¼ 2.2 s; flip angle (FA)¼ 77�; FoV¼ 192 � 192 mm2;
64 � 64 data acquisition matrix). For the first experimental run
430 whole-brain volumes and for the second/third run 291
whole-brain volumes were recorded.

rsFC data (rs-fMRI) were acquired using single-shot GR-EPI
(TE¼ 30 ms; TR¼ 2.2 s; FA¼ 77�) resulting in 36 axial slices at
an in-plane resolution of 3.1 � 3.1 � 3.2 mm3 aligned to the an-
terior and posterior commissure (slice gap). Participants were in-
structed to relax in the scanner, stay awake with eyes closed (at
low-level illumination) and ‘allow thoughts to come and go

Table 1. Sample description

Females (s.d.) Males (s.d.)

N 30 30
Age 31.66 (12.62) 29.30 (9.42)
Verbal intelligence (WST) 32.83(2.19) 33.06 (2.76)
TMT-A 20.55 (8.78) 22.17 (7.84)
TMT-B 36.18 (13.52) 37.88 (20.10)
BDI 2 2.23 (3.24) 1.37 (2.35)
Trait anxiety 33.83 (8.78) 30.67 (4.47)
State anxiety 35.60 (7.99) 32.20 (5.45)
ERQ suppression 3.29 (0.94) 3.36 (1.22)
ERQ reappraisal 4.85 (0.96) 4.74 (1.02)
ERI negative 46.33 (7.51) 44.13 (5.77)
ERI positive 28.23 (5.65) 26.07 (5.91)
ERI total 74.53 (11.73) 70.13 (9.73)
TAS difficulty identifying feelings 10.33 (3.52) 10.27 (3.24)
TAS difficulty describing feelings 12.47 (3.07) 12.23 (3.24)
TAS externally oriented thinking 17.43(3.76) 19.60 (4.52)

s.d., standard deviation; WST, Wortschatztest; TMT, trail-making test; BDI,

Becks Depression Scale; ERQ, emotion regulation questionnaire; ERI, emotion

regulation inventory; TAS, Toronto Alexithymia Scale.

Fig. 1. Task design. Each block started with an instruction, introducing the experi-

mental condition. (Increase, Decrease, Observe). Each trial started with the pres-

entation of a neutral or angry face for 3 s. During this time period, participants

were supposed to either up-regulate (Increase) or down-regulate (Decrease) their

emotions or observe the image and not regulate their emotions (Observe-angry/

Observe-neutral). Subsequently, participants were asked to rate their current

emotional state (‘What are your feelings concerning this person?’) on a scale

from 1 (unpleasant/bad) to 8 (pleasant/well) followed by a fixation phase of 5–9 s.
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freely’. Two hundred and ten whole-brain volumes were re-
corded for the rs-fMRI.

Data analyses. Behavioural data. As we were interested in suc-
cessful emotion regulation, we calculated reappraisal success
scores based on the affect ratings acquired after each trial.
Reappraisal success was defined as either a decrease or increase
in reported emotion when applying a cognitive reappraisal
strategy relative to the individual’s mean affect ratings of the
Observe-angry condition representing the ‘natural’ emotional re-
sponse to the stimuli. On this basis, each reappraisal trial
(Increase or Decrease) was categorized as either successful or un-
successful by subtracting the affect rating from the mean base-
line (Observe-angry) (Wager et al., 2008; Morawetz et al., 2016a,b).
Hence, negative values during Increase represent successful tri-
als (participant reported stronger negative affect) while positive
values represent unsuccessful trials (participant reported
weaker negative affect) and vice versa for Decrease. Reappraisal
success scores were calculated as the total number of successful
reappraisal trials for each participant for both reappraisal condi-
tions separately.

fMRI data. Functional imaging data analysis was performed
using SPM8 (Statistical Parametric Mapping, Wellcome Institute
for Cognitive Neurology, London, UK) and Matlab 8.0.0
(MathWorks, Natick, MA, USA).

For all task-based analyses, preprocessing of fMRI data
included slice time correction, realignment to the mean image,
co-registration to the individual T1-weighted anatomical
images as well as spatial normalization to the standard EPI tem-
plate, reslicing to 3 � 3 � 3 mm voxels (Montreal Neurological
Institute, MNI template, as implemented in SPM8). Spatial

smoothing was performed using a 8 mm full-width at half-
maximum (FWHM) isotopic Gaussian kernel.

The first-level fixed effects model consisted of a set of five
regressors (Increase, Decrease, Observe-angry, Observe-neutral and
Rating) convolved with the haemodynamic response function
and six regressors describing head motion. In a second-level,
random effects group analyses effects of (i) emotional reactivity
(Observe-angry>Observe-neutral), (ii) reappraisal condition
(Observe-angry vs Increase, Observe-angry vs Decrease, Observe-
angry vs IncreaseþDecrease) and (iii) reappraisal success were
tested using reappraisal success scores for each reappraisal goal
separately as covariates. To assess random-effects across par-
ticipants, one-sample t-tests were computed.

Functional connectivity analysis. Functional connectivity analysis
was carried out by using the Data Processing Assistant for
Resting-State fMRI (DPARSF) toolbox (Chao-Gan and Yu-Feng,
2010). In addition to standard preprocessing (slice time correc-
tion, realignment, spatial normalization to the standard EPI
template), resting-state data were corrected using linear regres-
sion to correct for changes in cerebrospinal fluid and white mat-
ter using the CompCor method (Behzadi et al., 2007) (as
implemented in DPARSF, Chao-Gan and Yu-Feng, 2010) rather
than global signal regression, a widely used preprocessing
method known to mathematically generate negative correl-
ations and systematically alter network structure (Murphy et al.,
2009; Saad et al., 2012). Data were band-pass filtered (0.01–0.08 Hz)
to eliminate low frequency fluctuations and smoothed with 6 mm
FWHM isotopic Gaussian kernel. The first 10 volumes of the rs-
fMRI run were discarded to allow for equilibrium effects.

Seed definitions. Functional connectivity analysis was performed
by applying a seed-region approach (Biswal et al., 1995). We

Fig. 2. Effect of reappraisal. Whole-brain analysis for the contrast Observe-angry> IncreaseþDecrease. LH, left hemisphere; RH, right hemisphere.
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selected left and right amygdala as defined in the Anatomy
Toolbox (Eickhoff et al., 2005) (left amygdala: �23, �4, �20; 1546
voxels; right amygdala: 27, �4, �20, 1424 voxels). The amygdala
has previously been implicated in emotion generative processes
as well as in the processing of social information in faces (Phan
et al., 2002; Sergerie et al., 2008; Derntl et al., 2009, 2012; Adolphs,
2010; Ray and Zald, 2012; Murray et al., 2014) and thus has been
used as seed region in our analyses. In addition, we defined one
more seed region, namely the VMPFC (7, 25, �6), based on the
results of the fMRI analysis using a 10 mm sphere around the
peak voxel of the fMRI group contrast Decrease>Observe-angry
correlated with Decrease success.

rsFC and reappraisal. For each participant, time-courses of all
voxels within the seeds were extracted and expressed as the
first eigenvariate. Linear (Pearson) correlation coefficients were
computed between the ensuing characteristic time series of the
seed regions and the time series of all other grey matter voxels

Table 2. Reappraisal effects: IncreaseþDecrease

Brain region Hemisphere x y z T k

Observe-angry > Increase þ
Decrease (yellow � red)
Postcentral gyrus (BA 2) RH 62 �22 30 6.65 921

IFG (BA 9) RH 58 5 26 5.21 LM
Postcentral gyrus (BA 2) LH �49 �29 36 6.42 5135

Precentral gyrus (BA 6) LH �29 �12 56 6.28 LM
Postcentral gyrus (BA 3) LH �41 �19 55 6.10 LM
Precentral gyrus (BA 6) LH �57 �2 33 5.73 LM
Amygdala LH �19 1 �7 5.15 LM
Amygdala RH 19 �3 �8 5.12 LM
Thalamus RH 11 �26 �4 5.06 LM
medFG (BA 6) LH �4 �6 53 4.64 LM
SPL (BA 7) LH �27 �50 56 4.60 LM
SPL (BA 7) LH �12 �62 54 4.56 LM
Thalamus RH 6 �3 2 4.27 LM
Hippocampus RH 30 �25 �5 4.24 LM
Midbrain Substania Nigra LH �14 �20 �8 4.21 LM
Thalamus LH �8 �28 0 4.08 LM
Thalamus LH �3 �12 14 3.85 LM
Insula (BA 13) LH �33 13 13 3.77 LM
Insula (BA 13) LH �36 18 �1 3.75 LM
IFG (BA 45) RH 33 24 4 3.73 LM
Precentral gyrus (BA 44) LH �55 11 4 3.50 LM
Thalamus (ventral anterior nucleus) RH 13 �7 14 3.47 LM
Cingulate gyrus (BA 24) LH �11 6 44 3.46 LM
IFG (BA 47) RH 48 16 �2 3.45 LM
Insula (BA 13) LH �40 �9 15 3.43 LM
MFG (BA 9) LH �46 23 28 3.38 LM
Cingulate gyrus (BA 32) LH �4 20 39 3.28 LM
IFG (BA 47) RH 36 20 �9 3.25 LM
Precuneus (BA 7) LH �19 �69 40 3.13 LM
Cuneus (BA 18) LH �20 �70 16 2.89 LM

Precentral gyrus (BA 6) RH 32 �14 56 4.84 202
MTG RH 53 �31 2 3.66 54
MTG (BA 37) LH �53 �65 7 3.58 111

Increase þ Decrease >
Observe-angry (green � blue)
Angular gyrus (BA 39) LH �45 �68 30 �4.56 82
Precuneus (BA 31) LH �3 �60 25 �3.63 123

Peaks are identified with MNI coordinates. K, cluster size; BA, Brodmann area; LM, local maxima; LH, left hemisphere; RH, right hemisphere. Significance level of

P<0.01, FWE corrected P< 0.05 at 178 voxels.

Fig. 3. Brain activations correlating with reappraisal success. Correlation be-

tween success in decreasing emotion (Decrease success scores) and activity dur-

ing down-regulating emotion compared with the control condition

(Decrease>Observe-angry).
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of the brain to quantify rsFC. The voxel-wise correlation coeffi-
cients of each participant and seed were transformed into
Fisher’s Z-scores. Then, the Z-scores for the different seeds
were fed into a second-level general linear model (GLM) incor-
porating regressors for the within-participant coupling of activ-
ity between the seed region and other brain areas. To examine
the neural correlates of individual differences in reappraisal
success, we performed a whole-brain regression between re-
appraisal success scores and rsFC with the anatomically defined
amygdala and functionally defined VMPFC seed regions.
Following GLM estimation, random-effects analyses were per-
formed, as described earlier for the task-related whole-brain
analyses, with contrasts for regions showing significant cou-
pling with the seed region that correlates with reappraisal suc-
cess. This analysis resulted in three regression models.

Overlap of default mode network and intrinsic connectivity networks
related to emotions with our amygdala seeded clusters. Previous
resting-state studies (Banks et al., 2007; Johnstone et al., 2007;
Uchida et al., 2015) demonstrated an association between the
amygdala and major nodes (PCC and medial PFC) of the default
mode network (DMN) and suggested an important role for
these regions in emotion regulation. Thus, we calculated the
mean DMN rsFC for all participants and overlaid it with the
amygdala seed based clusters that significantly correlated with
reappraisal success. For this analysis, we defined the three
DMN seeds as 10 mm spheres around the peak coordinates of
the medial PFC, PCC and parietal cortex obtained from the lit-
erature (Fox et al., 2005). For each participant, time-courses of
all voxels within the seeds were extracted and expressed as the
first eigenvariate. Linear (Pearson) correlation coefficients were
computed between the ensuing characteristic time series of
the seed regions and the time series of all other grey matter
voxels of the brain to quantify rsFC. The voxel-wise correlation
coefficients of each participant and seed were transformed
into Fisher’s Z-scores. Then, the Z-scores for the different seeds
were fed into a second-level GLM incorporating regressors for
the within-participant coupling of activity between the seed re-
gion and other brain areas resulting in three resting-state
DMN maps. The mean of these three seed-based maps was cal-
culated to define one overall group DMN. In a final step,
the amygdala seed based clusters that significantly correlated
with reappraisal success were overlaid onto the mean group-
based DMN.

Furthermore, we overlaid the amygdala seed based clusters
that correlated with reappraisal success onto intrinsic connect-
ivity networks (ICNs) related to emotion processing and intero-
ception obtained from the literature (Laird et al., 2011a). We
used the first five (ICNs 1–5) out of 20 spatially co-occurring
maps of ICNs as these have been described to be strongly
related to a collective range of emotional and autonomic proc-
esses (brainmap.org/icns). This analysis was performed to serve
for interpreting the functional significance of our resting-state
connectivity results.

Statistical thresholds. Data were visualized and statistically
thresholded using NeuroElf. Whole-brain family-wise error
(FWE) multiple-comparison correction thresholds were deter-
mined using AlphaSim (Forman et al., 1995) and significance was
set at FWE P< 0.05. This technique controls for the FWE by simu-
lating null datasets with the same spatial autocorrelation found
in the residual images and creates a frequency distribution of
different cluster sizes. Clusters larger than the minimum size
corresponding to the a priori chosen FWE are then retained for
additional analysis. This cluster-based method of thresholding
is often more sensitive to activation when one can reasonably
expect multiple contiguous activated voxels (Forman et al., 1995;
Petersson et al., 1999) and is widely used in fMRI research.
Clustering thresholds were estimated for each contrast separ-
ately and are reported in the tables. Anatomical labels were
determined by converting MNI coordinates to Talairach space
(Talairach and Tournoux, 1988) and using the Talairach Daemon
brain atlas (Lancaster et al., 2000). Reported coordinates are in
MNI space. The same procedure was used for the task-related
and resting-state analysis. All trials were included in the task-
related analysis regardless whether it was a successful or unsuc-
cessful trial.

Results
Behavioural results

Reappraisal task. Participants reported significantly greater
negative affect during the Increase (Mean¼ 2.92, s.d.¼ 0.86) com-
pared with the Decrease (M¼ 4.71 6 1.05) [t(59) ¼ �11.67,
P< 0.001, Cohen’s d¼ 1.86] and the Observe-angry
(M¼ 3.19 6 0.85) [t(59) ¼ �2.43, P¼ 0.02, Cohen’s d¼ 0.31] as well
as the Observe-neutral (M¼ 5.28 6 1.00) condition [t(59) ¼ �16.30,

Table 3. Correlation between reappraisal success and reappraisal-related activity

Brain region Hemisphere x y z T k

Decrease > Observe-angry correlated with Decrease success
VMPFC/anterior cingulate (Brodmann area 32)a RH 7 25 �6 3.96 614

Anterior cingulate (Brodmann area 32) RH 7 25 �6 3.96 LM
Anterior cingulate (Brodmann area 10) LH �13 31 �7 3.48 LM
MFG (Brodmann area 10) LH �29 43 12 3.16 LM
Frontal lobe RH 0 57 3 3.02 LM
Anterior cingulate (Brodmann area 32) RH 11 44 5 2.72 LM
medFG (Brodmann area 10) LH �15 52 10 2.72 LM
MFG (Brodmann area 10) LH �32 60 13 2.72 LM
medFG (Brodmann area 11) RH 4 51 �11 2.66 LM

Increase > Observe-angry correlated with Increase success
no significant results

Peaks are identified with MNI coordinates. K, cluster size; BA, Brodmann area; LM, local maxima; LH, left hemisphere; RH, right hemisphere. Significance level of

P<0.05, FWE corrected P< 0.05 at 337 voxels.
aIndicates ROI used for rs-fMRI analyis.

C. Morawetz et al. | 1985

Deleted Text:  (DMN)
Deleted Text: posterior cingulate cortex
Deleted Text: resting-state functional connectivity
Deleted Text: posterior cingulate cortex
Deleted Text: seed 
Deleted Text: -
Deleted Text: twenty 
Deleted Text: visualised 
Deleted Text: p
Deleted Text: ,
Deleted Text: SD
Deleted Text: to
Deleted Text: &plusmn;
Deleted Text: (
Deleted Text: -
Deleted Text: p
Deleted Text: ) 
Deleted Text: &plusmn;
Deleted Text: (
Deleted Text: -
Deleted Text: p
Deleted Text: ) 
Deleted Text: &plusmn;
Deleted Text: (
Deleted Text: -


P< 0.001, Cohen’s d¼ 2.53] condition. During Decrease, partici-
pants reported that reappraisal significantly reduced negative
affect compared with the Observe-angry condition [t(59) ¼ 12.38,
P< 0.001, Cohen’s d¼ 1.59]. The Observe-neutral condition signifi-
cantly differed from the Decrease [t(59) ¼ �4.40, P< 0.001,
Cohen’s d¼ 0.55] and the Observe-angry [t(59) ¼ 20.27, P< 0.001,
Cohen’s d¼ 2.25] condition indicating least negative affect.

To test for gender effects, we performed a 2 (gender) * 4 (task
conditions) repeated measures analysis of variance (ANOVA)
and observed a significant main effect of task [F(1,29) ¼ 37.20,
P< 0.001] but no significant gender effect [F(1,29) ¼ 0.17, P¼ 0.67]
and no significant task-by-gender interaction [F(1,29) ¼ 0.08,
P¼ 0.77].

Neuroimaging results

Emotional reactivity. Observe-angry > Observe-neutral. The direct
comparison resulted in a widespread network of regions includ-
ing prefrontal cortex [right medial frontal gyrus (medFG), right
middle frontal gyrus (MFG)], temporal regions [bilateral MTG,
left STG], parietal regions (left angular gyrus), bilateral insula,
cingulate cortex, bilateral caudate and left postcentral gyrus
(Supplementary Material, Figure S1 and Table S1).

Observe-neutral > Observe-angry. The reverse contrast revealed
increased activity in the occipital cortex, prefrontal regions (left
medFG, left MFG), parietal regions [left SPL, left IPL], temporal
regions (right STG), subcortical areas [left amygdala, left para-
hippocampal gyrus, putamen, thalamus], left insula, bilateral
precentral gyrus, cingulate cortex, right cuneus and right fusi-
form gyrus.

Reappraisal effects. Decrease vs Observe-angry. The down-
regulation of emotion compared with the control condition re-
sulted in enhanced activity in the left angular gyrus, left medFG
and right PCC (Supplementary Material, Figure S2 and Table S2).

Observe-angry vs Decrease. The reverse contrast demonstrated
increased activity in a number of regions including prefrontal
areas [right IFG, left MFG, right medFG], bilateral pre- and post-
central gyrus, parietal regions (right IPL, left SPL), temporal re-
gions (right STG, left MTG), left cingulate gyrus, bilateral
amygdalae, bilateral thalamus and left insula (Supplementary
Material, Figure S2 and Table S2).

Increase vs Observe-angry. Similar results to the down-regulation
of emotion were obtained during up-regulation of negative af-
fect: increased activity was found for the left angular gyrus,
right postcentral gyrus and left precuneus (Supplementary
Material, Figure S3 and Table S3).

Observe-angry vs Increase. During Observe-angry (compared with
Increase) stronger activation of the prefrontal areas (bilateral
IFG, left MFG, left medFG), bilateral pre- and postcentral gyrus,
left MTG, right supramarginal gyrus, right hippocampus, left
cingulate cortex and left insula emerged (Supplementary
Material, Figure S3 and Table S3).

Increase 1 Decrease vs Observe-angry. Finally, we tested for re-
appraisal effects in general independent of reappraisal goal.
Reappraisal was associated with higher activity in the left angu-
lar gyrus and left precuneus. In contrast, the Observe-angry con-
dition elicited stronger activation in frontal regions such as
right IFG, left MFG and left medFG, in left SPL, bilateral pre- and
postcentral gyrus, subcortical regions (bilateral amygdalae, left
thalamus, right hippocampus), left insula, left cingulate gyrus
and left precuneus than the reappraisal conditions (Figure 2,
Table 2).

Gender effects. To test for gender effects, we repeated the previ-
ous analysis with respect to gender. These analyses revealed no
significant clusters. Thus, data were collapsed across gender.

Correlation between reappraisal success and reappraisal-related
activity. Across all participants, greater success in down-
regulating emotions correlated significantly and positively with
greater activity in VMPFC during decreasing emotions compared
with the control condition (Figure 3, Table 3). Thus, this region
has been used as seed region for further rsFC analyses. The cor-
relation between Increase success and activity during the up-
regulation of emotion compared with the control condition did
not reveal any significant results.

Correlation between down-regulating success and rsFC. Amygdala
seed. Across participants, greater success in down-regulating
emotions correlated significantly and positively with func-
tional connectivity between the right amygdala seed and clus-
ters in left IPL, left insula and left IFG (Figure 4, Table 4) (there
was no correlation with the left amygdala). The clusters of the
left IFG and left insula overlapped with an ICN associated with
a complex set of functions including language, executive func-
tion, affective and interoceptive processes (ICN 4 obtained
from brainmap.org/icns) (Figure 5). None of these regions over-
lapped with the groups’ mean DMN (Supplementary Material,
Figure S4).

Fig. 4. Right amygdala rsFC correlated with Decrease success.

Fig. 5. Overlap (yellow) of the ICN involved in emotion processing obtained from

the literature (Laird et al., 2011) (ICN 4) (red) and the clusters that significantly

correlated with reappraisal success using the amygdala as seed region for the

rsFC analysis (green). (A) Overlap with left IFG and (B) left insula.
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VMPFC seed. The correlation between Decrease success and func-
tional connectivity between the VMPFC seed and the rest of the
brain did not reveal any significant results applying our
threshold.

Discussion

Previous research on emotion regulation primarily focused on
the down-regulation of negative emotions in response to highly
aversive and complex scene images. Based on these findings,
several models on emotion regulation evolved, supporting the
idea that prefrontal regions, especially the DLPFC, down-
regulate activity in subcortical regions implicated in the process-
ing of emotions, such as the amygdala (Ochsner and Gross, 2005;
Quirk and Beer, 2006; Urry et al., 2006; Johnstone et al., 2007;
Phillips et al., 2008; Wager et al., 2008; Kober et al., 2010). However,
it remains unclear if such a top–down model of emotion regula-
tion also applies to socially relevant stimuli such as emotional
facial expressions.

This study investigated the individual differences in emotion
regulation ability during the reappraisal of angry faces and its
underlying functional activity as well as connectivity. During
scanning, participants performed a reappraisal task in which
they had to either up- or down-regulate their emotions. On the
behavioural level, emotion regulation was successful: partici-
pants rated their emotional state more negatively after the up-
regulation and less negatively after the down-regulation com-
pared with the control condition.

Reappraisal of negative emotions in faces

On a neural level, reappraisal, i.e. up- and down-regulation of
emotions in response to negative faces went along with activity
in left angular gyrus and precuneus. The angular gyrus as part of
the emotion regulation system has been implicated in repre-
senting the perceptual and semantic features of a stimulus
(Ochsner et al., 2012), in social cognition (Kohn et al., 2014) and
semantic processes (Messina et al., 2015). Both regions have been
shown to be involved in theory of mind, i.e. reasoning about and

attributing mental states (Schurz et al., 2014), which may be par-
ticularly triggered through the instructed reappraisal strategy.

Interestingly, in contrast to reappraisal studies using emo-
tional scenes, we did not observe increased activity in prefrontal
control regions, i.e. DLPFC or VLPFC, neither during the up- nor
the down-regulation of negative emotions. This might either be
explained by the stimulus material or by individual differences
in emotion regulation success. Indeed, using reappraisal success
scores as covariate in our analysis revealed increased activity in
VMPFC; a region involved in stimulus evaluation rather than cog-
nitive control per se (Ochsner et al., 2012). Although VMPFC has
been found to mediate diminished negative affect in a domain-
independent fashion (Diekhof et al., 2011), a recent meta-analysis
mainly based on reappraisal of emotional scenes did not find
consistent activation of VMPFC during reappraisal and suggested
that VMPFC is involved in processes related to emotion gener-
ation, such as self-reflection (Denny et al., 2012). Therefore, it
could be argued that the reappraisal of social stimuli, i.e. faces,
might engage different cognitive functions, e.g. theory of mind,
mentalizing and self-reflection to a greater extent as the re-
appraisal of emotional scenes, and thus involves different pre-
frontal cortex regions, i.e. VMPFC instead of DLPFC and VLPFC.
Furthermore, participants had explicit instructions how to re-
appraise the emotional stimuli leaving not much room for asso-
ciations and new interpretations. In contrast, in studies using
more complex aversive scenes, participants are given relative
freedom to enact reappraisal. This means that in our study par-
ticipants might have followed the instructions and used only
one specific tactic to reappraise whereas in studies of unre-
stricted reappraisal a variety of different reappraisal tactics
might be used depending on the content of the images, e.g. dis-
tancing, reality change, change future consequences (McRae
et al., 2012a). Thus, this might be associated with increased activ-
ity in prefrontal attention and memory systems due to an
enhanced recruitment of cognitive resources. This issue relates
to adaptation effects associated with stimulus content. In this
study, the ‘same’ stimulus content, i.e. angry faces, was pre-
sented during all reappraisal trials, though presented by different
actors, while studies using IAPS pictures provide much more

Table 4. Correlations of rsFC with reappraisal success

Brain region Hemisphere x y z T k

Right amygdala seed: positive correlation
with Decrease success
IPL (Brodmann area 40) LH �52 �27 29 4.17 205

IPL (Brodmann area 40) LH �52 �27 29 4.17 LM
Insula (Brodmann area 13) LH �42 �18 24 3.85 LM
Insula (Brodmann area 13) LH �47 �38 26 3.71 LM
IFG (Brodmann area 44) LH �50 10 23 3.18 LM

Right amygdala seed: negative correlation with Decrease success
no significant results

Left amygdala seed: positive correlation with Decrease success
no suprathreshold clusters

Left amygdala seed: negative correlation with Decrease success
no suprathreshold clusters

VMPFC seed: positive correlation with Decrease success
no suprathreshold clusters

VMPFC seed: negative correlation with Decrease success
no suprathreshold clusters

Peaks are identified with MNI coordinates. K, cluster size; BA, Brodmann area; LM, local maxima; LH, left hemisphere; RH, right hemisphere. Significance level of

P<0.01, FWE corrected P< 0.05 at 150 voxels.
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variety of stimulus content ranging from, e.g. car accidents, mu-
tilation, war scenes to operations and injuries. Therefore, the re-
stricted instructed reappraisal tactic and the rather consistent
stimulus content together might explain the reduced activity in
prefrontal regions during reappraisal. It is noteworthy that
we observed an effect of reappraisal in the amygdala, which has
been associated with the processing of emotion (Zald, 2003;
Sergerie et al., 2008) and has previously been shown to be modu-
lated by reappraisal (Buhle et al., 2013; Frank et al., 2014).
This indicates that emotion regulation was also successful on a
neural level.

Only few studies investigated reappraisal of negative emo-
tional facial expressions in an explicit emotion regulation task
providing inconsistent results. One study found increased amyg-
dala activity during reappraisal of negative faces using a region
of interest (ROI) approach (McRae et al., 2012b), while the whole-
brain analysis of the same study revealed increased activity in
prefrontal regions including the DLPFC, VLPFC, medial PFC, ACC,
PCC and temporal cortex (Otto et al., 2014). In line with that, a re-
cent study reported increased activity in the DLPFC, VLPFC, med-
ial PFC and amygdala during reappraisal of negative faces using
a priori ROIs (Nelson et al., 2015). Furthermore, Goldin et al. (2009)
observed enhanced activation of medial PFC, ACC, PCC, insula,
occipital, parietal and temporal regions in healthy controls com-
pared with individuals with social anxiety disorder during re-
appraisal of harsh facial expressions compared with passive
viewing of neutral non-social scenes. In line with this, Ziv et al.
(2013) demonstrated increased activity in dorsomedial PFC,
VLPFC, parietal and temporal regions during reappraisal of nega-
tive faces. Our results are partly in line with these studies, as we
also observed increased activity in parietal regions (Goldin et al.,
2009; Ziv et al., 2013) and in the VMPFC (Goldin et al., 2009; Otto
et al., 2014; Nelson et al., 2015). However, a direct comparison of
our findings with previous results is clearly limited due to meth-
odological differences between studies. Two of the studies used
a priori ROIs to investigate effects of reappraisal (McRae et al.,
2012b; Nelson et al., 2015), while another two studies used a
whole-brain analysis approach (Ziv et al., 2013; Otto et al., 2014).
However, Ziv et al. did not contrast reappraisal vs a control con-
dition (Observe) but rather compared different reappraisal goals
with each other. Goldin et al. did not report findings for healthy
controls alone and did not use neutral faces as baseline condi-
tion constricting a direct comparison of results. Furthermore,
previous studies used negative facial expressions including
anger, fear and contempt, while in our study we only used angry
faces. Another important aspect concerns the experimental de-
sign: we used a mixed block/event-related design, while the
other studies used event-related designs. Finally, we imple-
mented two different reappraisal goals in our study, the up- and
down-regulation of emotion.

Reappraisal success and its association with functional
activation and intrinsic connectivity

We observed a positive correlation between reappraisal success
during Decrease and activity in VMPFC. VMPFC has been shown
to play a key role in conceptually driven affect (Roy et al., 2012).
Reappraisal as a conceptually driven form of emotion regula-
tion, i.e. with the goal to generate positive (Decrease) or negative
(Increase) conceptual frames, has been linked to VMPFC activity
(Diekhof et al., 2011). Previous imaging studies also implicated
the VMPFC in the positive and negative valuation of stimuli in a
context- and goal-dependent manner (Hare et al., 2009;
Hutcherson et al., 2012).

Based on our resting-state correlations, we were able to iden-
tify intrinsically connected brain regions implicated in successful
emotion regulation. This means the higher the ability to regulate
one’s emotions, the higher the intrinsic functional coupling be-
tween these regions. We extend previous findings by demon-
strating a positive association between reappraisal success and
functional coupling of the right amygdala with left insular cortex,
left parietal regions and left IFG. The functional importance of
these regions in emotion regulation is further corroborated by
the link to previously described ICNs. Our findings overlap with
an ICN that has been proposed to represent a transitional net-
work linking cognition and emotion/interoception (Laird et al.,
2011b). This aligns well with the idea that the IFG plays an inter-
mediary role between PFC and the emotion generative system
thereby linking the cortical cognitive control system to the sub-
cortical affect processing system (Ochsner et al., 2012; Morawetz
et al., 2016b).

The insula, together with the amygdala and the ventral stri-
atum, have been proposed to constitute the emotion generative
system (Ochsner et al., 2012). The insula has been implicated in
the processing of negative affect and emotion regulation (Wager
and Barrett, 2004). More specifically, the anterior insula has
been associated with interoceptive awareness of the body and
in executive functions such as the control of attention (Wager
and Barrett, 2004). It has been involved in tasks that require the
manipulation of information in working memory (Wager and
Smith, 2003), response inhibition (Nee et al., 2007) and shifting
attention (Wager et al., 2004), which represent relevant proc-
esses in emotion regulation. The IPL along with the DLPFC plays
a key role in selective attention and working memory during
the reappraisal of emotional responses (Miller, 2000; Wager and
Smith, 2003; Wager et al., 2004). As previously shown, the
VLPFC, including the IFG, provides moderate projections to the
amygdala (Ray and Zald, 2012). These findings support the im-
portance of the IFG as relay node within the emotion regulation
network and corroborate its suggested intermediary role to link
the prefrontal cortex with the amygdala (Ochsner et al., 2004a,
2012; Morawetz et al., 2016a,b). In support of recent models of
emotion regulation (Ochsner et al., 2012; Etkin et al., 2015; Smith
and Lane, 2015) and in accordance with recent meta-analyses
highlighting the functional role of the IFG in emotion regulation
(Kohn et al., 2014; Messina et al., 2015), we propose that success-
ful emotion regulation is mediated by the functional interplay
between VLPFC and amygdala.

Limitations

It has to be noted that we only used angry faces in our study.
Thus, a generalization of our results to other basic emotions
such as sadness or fear is not possible. Although entirely dis-
tinct neural networks do not represent basic emotions in facial
expressions, they are at least partially separable (Fusar-Poli
et al., 2009). Thus, we cannot rule out that differences in pro-
cessing basic emotions in faces might be associated with differ-
ences in the recruitment of the emotion regulation network.
Furthermore, future studies using positive stimuli, such as
happy faces, could extend our present findings.

Moreover, it is important to note that the presented faces
were only static and not dynamic. Facial expressions are natur-
ally dynamic and vary rapidly in relation to situational require-
ments. Dynamic compared with static faces lead to more
activity in the face-processing system as well as the IFG (Kilts
et al., 2003; Trautmann et al., 2009) and might provide a more ap-
propriate approach to examine the processing of emotional face

1988 | Social Cognitive and Affective Neuroscience, 2016, Vol. 11, No. 12

Deleted Text: ,
Deleted Text: ; <xref ref-type=
Deleted Text:  
Deleted Text: to
Deleted Text:  (SAD)
Deleted Text: to
Deleted Text: ,
Deleted Text: ; Nelson <italic>et<?A3B2 show $146#?>al.</italic>, 2015
Deleted Text: ; Ziv <italic>et<?A3B2 show $146#?>al.</italic>, 2013
Deleted Text: versus
Deleted Text: ,
Deleted Text: -
Deleted Text: -
Deleted Text: ,
Deleted Text: intrinsic connectivity network
Deleted Text: intrinsic connectivity network
Deleted Text: ; Ochsner <italic>et<?A3B2 show $146#?>al.</italic>, 2012
Deleted Text: ,
Deleted Text: inferior parietal lobe
Deleted Text: ; Ochsner <italic>et<?A3B2 show $146#?>al.</italic>, 2012, 2004a
Deleted Text: Ochsner <italic>et<?A3B2 show $146#?>al.</italic>, 2012; 
Deleted Text: to


perception and its regulation than static stimuli thereby increas-
ing ecologic validity (Wiggert et al., 2015).

Another methodological limitation concerns the order of the
blocks that was fixed with respect to the Observe condition,
which always preceeded the reappraisal blocks. This might
have led to habituation effects and diminished neural activa-
tion, especially in the reappraisal blocks. This issue needs to be
addresses in future studies using a counterbalanced approach.

Since this was the first approach to examine intrinsic func-
tional connectivity with emotion regulation success, our data
are awaiting replication in independent samples, particularly
given multiple-comparison/detection threshold issues. Future
studies will have to further probe the link between prefrontal
cognitive control and subcortical emotion processing systems
to gain more insight on (successful) emotion regulation and the
neural mechanisms.

Conclusion

In summary, our study provides evidence that activation of the
medial prefrontal cortex, a region associated with stimulus
evaluation and mentalizing, during emotion regulation of nega-
tive facial expressions is correlated with individual differences
in reappraisal success. Furthermore, a set of intrinsically con-
nected brain regions implicated in successful emotion regula-
tion could be determined demonstrating enhanced connectivity
between the right amygdala and the VLPFC, parietal regions and
the insular cortex. Thus, our findings provide a first link be-
tween prefrontal cognitive control, e.g. VLPFC and subcortical
emotion processing systems, e.g. amygdala during successful
emotion regulation in an explicitly social context.

Supplementary data

Supplementary data are available at SCAN online.
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