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The neural bases of uninstructed negative emotion
modulation
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Although numerous neuroimaging studies have examined what happens when individuals are instructed to regulate their emotions, we rarely receive
such instruction in everyday life. This study sought to examine what underlies uninstructed modulation of negative affect by examining neural responses
when ‘responding naturally’ to negative stimuli—and for comparison—during instructed reappraisal of negative stimuli as well. Two analyses were
conducted to identify how variability in negative affect related to neural responses when responding naturally. First, in a within-participant analysis,
lower levels of self-reported negative affect on a given trial were associated with recruitment of dorsolateral and dorsomedial prefrontal cortex
(PFC)—brain regions also active during instructed reappraisal—whereas higher levels of negative affect were associated with recruitment of the amyg-
dala—a region that responded more strongly overall to negative than neutral stimuli. Second, in a between-participant analysis, lower levels of average
self-reported negative affect were associated with recruitment of ventromedial PFC. These results suggest that uninstructed modulation of emotion
involves a combination of two types of regulatory processes, with moment-to-moment modulation depending on prefrontal regions that support re-

appraisal and individual differences in modulation depending on ventromedial PFC, a region involved in fear extinction.
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INTRODUCTION

In the past decade, there has been a surge of neuroimaging studies
examining the psychological and neural bases of emotion regulation.
To date, the modal approach to studying emotion regulation has been
to examine participants’ neural and behavioral responses to emotional
stimuli during an instructed regulation condition (e.g. participants are
told to reappraise affective stimuli) in comparison to an uninstructed
viewing condition (e.g. Beauregard et al., 2001; Ochsner et al., 2002;
Levesque et al., 2003). The basic premise behind such an approach is
that only by directing participants to modulate their emotional re-
sponses can we clearly identify the neural and psychological mechan-
isms that underlie emotion regulation.

In our everyday lives, however, our natural responses to emotional
stimuli are not driven by external instructions or goals. Yet, even when
‘responding naturally’, our reactions to emotional events can vary sig-
nificantly according to transient cognitive and contextual factors as
well as stable individual differences (Kim et al., 2004; Drabant et al.,
2009; Somerville et al., 2013). At the neural level, this variability in
negative affect could be supported by differential recruitment of at
least three types of neural systems, each of which reflects the contri-
bution to emotional responding of a different kind of process.

The first possibility is that differences in the strength of one’s initial
negative affective response are supported by structures involved in the
bottom-up generation of emotional reactions. Emotional reactions are
supported by a host of subcortical and cortical brain regions that to-
gether coordinate physiological, affective and behavioral responses
(Kober et al., 2008; Lindquist et al, 2012). Among the most commonly
implicated regions is the amygdala, which is involved in the detection
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and recognition of affectively salient stimuli (Whalen, 1998; Morris
et al., 1999; Anderson and Phelps, 2001), coordinating relevant physio-
logical and behavioral responses (LeDoux, 2007), and may correlate
with the intensity of affective experience (Canli et al., 2000; Williams
et al., 2001; Anderson et al., 2003; Cunningham ef al., 2004; Phan et al.,
2004a; Ochsner et al., 2009). Given this, we would expect that increases
in the strength of affective responding might involve bottom-up emo-
tional processes supported by structures like the amygdala.

The second possibility is that modulation of negative affect is related
to recruitment of prefrontal systems that support deliberate and effort-
ful top-down control of emotion. Effortful control of emotion has
been studied most commonly by instructing participants to engage
in cognitive reappraisal, which involves reinterpreting a stimulus’s
meaning so as to alter its emotional impact. Such studies have found
that instructed reappraisal tends to recruit dorsal and lateral PFC and
posterior parietal cortex (Kalisch, 2009; Diekhof et al., 2011; Buhle
et al., 2013), regions commonly implicated in working memory
(Wager and Smith, 2003), response inhibition (Robbins, 2007;
Simmonds et al., 2008), self-monitoring (Botvinick et al., 2001) and
mentalizing (Amodio and Frith, 2006; Olsson and Ochsner, 2008).
When regulating emotion, these regions are thought to support the
generation, manipulation and selection of appropriate reappraisals
with the goal of altering one’s affective response. Reappraisal is also
known to modulate activity in brain regions that support emotion
generation such as the amygdala (Diekhof ef al, 2011; Buhle et al,
2013). If the processes underlying uninstructed emotion modulation
are similar to those underlying instructed regulation strategies like
reappraisal, then we would expect that negative affect and amygdala
responses will be weaker to the extent that dorsal and lateral PFC are
activated.

A third possibility is that brain regions such as ventromedial PFC
(VMPFC) that are not typically involved in reappraisal (Buhle ef al.,
2013)—but are critical for other types of regulatory processes—may
support uninstructed modulation of negative affect. Prior work has
suggested that VMPFC integrates affective appraisals formed by sub-
cortical structures (e.g. the amygdala) with memorial and semantic
information stored in the temporal cortex and inputs from other
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regions that provide information about current behavioral and motiv-
ational goals (Ochsner ef al., 2002; Ongur et al., 2003; Davachi, 2006;
Murray et al., 2007; Cunningham et al, 2011). As such, VMPFC ac-
tivity has been linked with numerous types of affective learning where
the affective value of a stimulus is altered and updated based on feed-
back, including fear extinction and reversal learning, and more gener-
ally appears to scale with the affective value one attributes to a stimulus
in a situational and goal-dependent manner (Hare et al, 2009;
Schoenbaum et al., 2011; Roy et al., 2012). In the context of negative
emotion specifically, it has been suggested that VMPFC activity may
serve as a ‘safety signal’ that attenuates amygdala responses (Schiller
and Delgado, 2010; Etkin et al., 2011) and anxiety (Wager et al, 2009a;
Somerville et al., 2013). If uninstructed emotion modulation relies on
these kinds of contextual regulatory process, then we would expect that
negative affect and amygdala responses would be weaker to the extent
that VMPFC is activated.

In considering these three possibilities, the question arises of
whether different types of uninstructed modulation are supported by
different neural systems. For example, dorsal and lateral prefrontal
systems known to support reappraisal may be associated with transient
changes in negative affect within individuals whereas VMPFC may
support more general differences in negative affect between individ-
uals. Although it is difficult, if not impossible, to conclude with cer-
tainty that uninstructed emotion modulation has occurred, two types
of evidence were considered: (i) patterns of brain activity that were
associated with less negative affect, and (ii) overlap between brain re-
gions showing such patterns and those known to support other forms
of regulation (e.g. instructed reappraisal). With this in mind, this study
used four analyses to determine what types of neural responses predict
differences in negative affect both within and between individuals.
First, we identified patterns of brain activity associated with emotion
generation and instructed regulation via reappraisal. Second, we exam-
ined what neural responses were associated with transient changes in
self-reported negative affect within participants while they responded
naturally to aversive stimuli. Third, we examined what neural re-
sponses positively or negatively predicted differences in the average
levels of negative affect reported between individuals. Finally, we com-
pared neural responses during the uninstructed viewing period with
those observed during emotion generation and instructed regulation.

METHODS
Participants

Thirty healthy adults (13 females, mean age =21.97) took part in the
experiment.

All participants gave informed consent, were right-handed, had
normal or corrected vision and had no history of diagnosed psychiatric
or medical illness as indicated by self-report on a general health ques-
tionnaire. A subset of the participants in the present dataset were also
included in studies reported elsewhere that focused on instructed re-
appraisal only (Wager et al., 2008; Denny et al., 2013).

Training procedures

Prior to scanning, participants were told that they would see a series of
images preceded by instructional cues that would inform them about
the type of stimuli they were about to see and what they were supposed
to do while viewing the stimuli. Instructional cues came in the form of
geometric shapes and the particular instruction paired with each cue
was counterbalanced across participants. In accordance with the in-
structional cue, participants did one of the following on each trial: (i)
look at a neutral image and respond naturally (‘look/neutral’ condi-
tion), (ii) look at a negative image and respond naturally (‘look/nega-
tive’ condition) or (iii) reappraise a negative image (‘reappraise/

SCAN (2015) I

negative’ condition). The instructions for look trials were intentionally
kept as open-ended as possible and it was assumed that, in responding
naturally, participants might respond in a variety of ways. For example,
participants may have consciously reappraised images on the look
trials, or engaged in ‘reality checking’ by reminding themselves they
were inside of a scanner, or they could have simply thought about the
images in an entirely unregulated way. The unconstrained nature of the
look condition was necessary for examining variability in emotional
responding. If participants had been told to respond uniformly on all
look trials, there would likely be too little intra- and inter-individual
variability to assess uninstructed modulation. In keeping with numer-
ous prior studies (Ochsner et al., 2002, 2004; Urry et al., 2006; Kim and
Hamann, 2007; van Reekum et al, 2007a; McRae et al., 2010), on
reappraisal trials participants were told to, ‘re-interpret the possible
antecedents, outcomes and/or reality of the events you see in such as
way that your emotional response is decreased’. Prior to scanning,
participants (i) were quizzed on cue-task condition associations (e.g.
a triangle cue means a look/negative trial is coming), (ii) completed
seven sample trials with the experimenter present to ensure they
understood the instructions, and (iii) completed 18 practice trials
without receiving feedback from the experimenter. No images used
during training were also used during scanning. Participants were
asked to not look away from images or to distract themselves with
irrelevant or positive thoughts during the task. Participants’ eye
motion was monitored live during scanning by experimenters viewing
a projected image of the right eye in the scanner control room
(I-SCAN, Inc.). No participants averted or closed their eyes during
image viewing.

Task design

Participants completed six functional runs, each of which contained 36
trials, for a total of 108 trials. Equal numbers of each condition (look/
neutral, look/negative, reappraise/negative) were shown and trials were
presented in an event-related fashion. Basic trials began with a 2s
instructional cue followed by a 4 s anticipatory interval during which
a fixation cross was presented on the screen. The image stimulus was
then presented for 8s. After image presentation, a fixation cross was
presented for a jittered inter-stimulus interval (47 s) and then a rating
screen appeared for 2.1s. On the rating screen, participants were asked
to rate how strongly negative they felt on a scale of 0—4 (0 =not nega-
tive at all, 4 = very negative). The trial concluded after the rating screen
with a fixation cross that lasted 47 s (the duration was jittered). Self-
report was chosen as the primary dependent variable of interest be-
cause it provides a unique and relatively direct window into emotional
experiences that other measures cannot provide (Gilbert, 2006; Larsen
and Prizmic-Larsen, 2006). Peripheral physiological measures have the
advantage of being resistant to demand characteristics (e.g. Quirk and
Beer, 2006), yet because they only measure gross changes in autonomic
arousal, their significance can be ambiguous. For example, changes in
skin conductance or pupil dilation may represent shifts in arousal,
cognitive effort, or something else altogether (Lang et al, 1993;
Siegle et al, 2003; Bradley et al, 2008; Geva et al, 2013; van
Steenbergen and Band, 2013).

Basic trials, ‘anticipation only’ trials (trials that did not include
image presentation) and ‘stimulus only’ trials (trials that did not in-
clude the 4s anticipation period) were shown with equal frequency.
Different trial types were included so as to examine the effects of an-
ticipation on reappraisal and have been reported elsewhere. The focus
of this study was on reappraisal of aversive images and therefore, the
present analyses exclusively used trial types that included the presen-
tation of an image as well as a rating period (basic and stimulus only
trials). Thus, a total of 72 trials were contributed to the present
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analyses with 24 trials contributing to each condition of interest (look/
neutral, look/negative, reappraise/negative). These 48 negative images
(mean normative valence = 2.24; mean normative arousal = 6.28) and
24 neutral images (mean normative valence =5.27; mean normative
arousal = 3.51) came from the International Affective Picture Set (Lang
et al., 2008).

Imaging acquisition

Whole-brain functional MRI (fMRI) data were acquired on a 1.5T GE
Signa Twin Speed Excite HD scanner (GE Medical Systems). Functional
images were acquired with a T2*-sensitive EPI BOLD sequence. Twenty-
four axial slices were collected with a repetition time (TR) of 2000 ms
(Echo time of 40 ms, flip angle of 60°, field of view of 22cm and
3.44 x 3.44 x 4.5mm voxels). Stimuli were presented using E-Prime.
Stimuli were displayed using an LCD projector and a back-projection
screen mounted in the scanner suite. Participants made their responses
using a five-finger-button-response unit with a molded hand brace
(Avotec Inc. and Resonance Technologies).

fMRI analysis
Preprocessing and first and second-level analyses

Preprocessing was performed using FSL (FMRIB Center, University of
Oxford) and SPM2 (Wellcome Department of Cognitive Neurology,
UCL). Functional images were slice-time and motion corrected using
FSL. Structural images were coregistered to the first functional image
for each subject using an iterative procedure of automated registration
using mutual information coregistration in SPM2. Structural images
were normalized (spatially warped) to a standard template brain (the
MNI avgl5T1.img) using SPM2’s default options (7 x 8 x 7 nonlinear
basis functions) and warping parameters were applied to functional
images for each subject. Normalized functional images were interpo-
lated to 3 x 3 x 3mm voxels and spatially smoothed with a 6 mm
Gaussian filter.

First and second-level analyses were implemented in NeuroElf
(http://neuroelf.net). Cue, anticipation, stimulus-viewing and response
portions of each trial were modeled as boxcar regressors convolved
with a canonical hemodynamic response function. Separate regressors
were made for the three trial types: reappraise/negative, look/negative
and look/neutral trials. Motion parameters and high-pass filter param-
eters were included as regressors of no interest. Head motion did not
exceed 3 mm in any direction for any participant. Next, a second-level
random effects analysis was performed to identify regions of activation
at the group level. Results were masked using a gray matter mask
created through segmentation of the MNI-T1 template (the ‘Colin’
brain). Significant voxels were identified using joint height
(P<0.005) and extent thresholds determined by AlphaSim, as imple-
mented in NeuroElf so as to control the family-wise-error-rate (FWE)
at a<0.05. AlphaSim was computed for each map separately so as to
accurately estimate the inherent smoothness of each contrast, rather
than to rely on the size of the Gaussian kernel used during prepro-
cessing which can lead to errors in thresholding (Bennett et al., 2009).
Extent thresholds for each contrast are reported in each of the subse-
quent paragraphs detailing specific analyses. For the neuroimaging,
analyses focused on the portion of the trials when the picture was
on the screen and participants were implementing the ook’ or ‘re-
appraise’ strategy.

Identifying regions involved in emotion generation and
instructed regulation

To identify brain regions that support the generation of emotional
responses, the look/negative condition was contrasted with the look/
neutral condition (the ‘emotion generation contrast’; thresholded at
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277 voxels). To identify brain regions that support instructed emotion
regulation, the reappraise/negative condition was contrasted with
the look/negative condition (the ‘emotion regulation contrast’; thresh-
olded at 290 voxels). To identify brain regions that supported trial-by-
trial changes in negative affect for the instructed regulation condition,
trial-by-trial reports of negative affect were used as a modulation par-
ameter for reappraise/negative trials (the ‘instructed regulation para-
metric analysis’; thresholded at 160 voxels). Given that results
identified in this analysis could be somewhat ambiguous to inter-
pret—for example, more negative affect coupled with more neural ac-
tivity could reflect the generation of stronger negative emotions or
failed emotion regulation—a second parametric analysis was conducted
that was intended to isolate neural activity associated with greater re-
appraisal success or failure (i.e. more or less negative affect relative to a
normative baseline). In this second analysis, International Affective
Picture System (IAPS) normative ratings were rescaled so as to be
on the same 04 scale used in the task and the difference score between
a participant’s self-reported negative affect for a given image and the
normative IAPS rating was calculated for each reappraisal trial and
used as a parametric modulator. Activation in this second analysis
did not yield any clusters that survived FWE correction.

Identifying regions involved in uninstructed emotion modulation

Two analyses were performed to examine the neural bases of differ-
ences in negative affect. First, to identify brain regions supporting
dynamic, within-participant changes in negative affect, participants’
trial-by-trial self-reports of negative affect were used as a modulation
parameter for look/negative trials (the ‘within-participants contrast’;
thresholded at 65 voxels). To determine whether trial-by-trial changes
in self-reported negative affect were related to normative ratings and
whether this may explain differences in neural activation, correlations
were calculated for each participant between published normative data
on stimulus valence and self-reported negative affect (Lang et al.,
2008). The degree to which normative valence predicted self-reported
negative affect varied widely between participants (mean r
value =0.35, s.d.=0.22), but was unrelated to the recruitment of
brain regions identified in the within-participants contrast
(Ps>0.34). This suggests not only that participants vary in the
degree to which they conform to normative affective data but also
that this variability does not drive patterns of activation identified in
the within-participants contrast. In a second analysis, neural responses
identified in the look/negative > look/neutral fMRI contrast were ro-
bustly correlated (a method that reduces the influence of outliers) with
participants’ average difference in self-reported negative affect on look/
negative and look/neutral trials (the ‘between-participants contrast’;
thresholded at 77 voxels).

Finally, exploratory analyses were conducted to characterize the
extent of overlap between the within-participants and between-partici-
pants contrasts and the emotion generation and emotion regulation
contrasts. Specifically, the within-participants and between-partici-
pants maps were masked by the emotion generation and regulation
contrasts as well as the emotion regulation within-subjects contrast.
This was done through a double-masking approach that isolated voxels
that were highly significant for both the uninstructed modulation ana-
lysis as well as the task-based analysis. For example, to identify brain
regions that predicted changes in negative affect within participants
that also responded during instructed regulation, the within-subjects
contrast map was first masked by itself and then masked by the voxels
from the instructed regulation contrast. The extent threshold for the
within-subjects map masked by the emotion regulation contrast was
set at 16 voxels, whereas the extent threshold for the within-subjects
map masked by the emotion generation contrast was set at 7 voxels.
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No voxels showed any overlap between the between-subjects map and
the instructed regulation contrast nor did any voxels show any overlap
between the between-subjects map and the emotion generation con-
trast and thus there were no data to threshold. The extent threshold for
the within-subjects map masked by the emotion regulation within-
subjects contrast was set at 23 voxels.

RESULTS
Behavioral results

Participants reported significantly stronger negative affect for when
responding naturally to negative stimuli (M =2.62, s.d. =0.55; min-
imum, maximum=0.74, 3.58; skew=s.e.=—1.2140.43; kur-
tosis£s.e.=3.72+0.83) than neutral (M=0.34, s.d.=0.17;
minimum, maximum = 0.05, 0.63; skew +s.e.=0.37+0.43; kur-
tosists.e.=—0.99+0.83) stimuli  [#(29) =22.51, P<0.001].
Participants reported significantly less negative affect when reapprais-
ing negative stimuli (M=1.68, s.d.=0.56; minimum, max-
imum=0.58, 2.83; skew=s.e.=—0.1640.43; kurtosis=+s.e.=
—0.2140.83) than when responding naturally to negative stimuli
[#(29) =8.10, P<0.001].

Individual differences in trait anxiety

A subset of participants (N=9, five females, mean age =24.6 years)
completed the trait portion of the State-Trait Anxiety Inventory (STAL
Spielberger et al, 1983) and reported anxiety levels comparable to
published norms (M =34.11, s.d. =9.75). Anxiety scores did not cor-
relate with self-reported negative affect in any of the task conditions,
nor did it correlate with the difference scores between the reappraise/
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negative and look/negative conditions or the look/negative and look/
neutral conditions Ps>0.25.

Brain regions involved in emotion generation

Relative to neutral stimuli, responding naturally to negative stimuli
recruited brain regions involved in both emotional and sensory pro-
cessing including the amygdala, anterior insula, midbrain and visual
cortex. A full list of brain regions identified in the emotion generation
contrast can be seen in Table 1.

Brain regions involved in emotion regulation

Instructed regulation of negative stimuli recruited large swaths of
VLPFC, dorsolateral PFC (DLPFC) and dorsomedial PFC (DMPFC).
Although these activations were observed bilaterally, they were more
extensive in nature on the left side. Additional activations were
observed in left superior temporal cortex and posterior parietal
cortex. A full list of brain regions identified in the emotion regulation
contrast can be seen in Table 2. Trial-by-trial decreases in negative
affect on instructed reappraisal trials were supported by enhanced re-
cruitment of bilateral inferior frontal gyrus (Table 2).

Neural bases of within-participant differences in negative affect

While responding naturally to negative stimuli, relatively lower reports
of negative affect on a trial-by-trial basis were associated with increased
recruitment of right DLPFC and DMPFC (Table 3; Figure 1). In con-
trast, relatively greater reports of negative affect were associated with
enhanced recruitment of the right medial temporal lobe, including the
amygdala (Table 3; Figure 1). The majority of voxels in DMPFC and

Less negative affect
pecos [ -

More negative affect

p<.005 p<10®

Less negative affect and regulation
More negative affect and generation

Fig. 1 Brain regions associated with within-participant changes in negative affect. Aqua represents brain regions associated with less negative affect and mauve represents brain regions associated with more
negative affect. Dark blue represents brain regions associated with less negative affect that also fell within the emotion regulation mask. Red represents brain regions associated with more negative affect that

also fell within the emotion generation mask.
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Table 1 Brain regions associated with emotion generation (look negative > look neutral)

MNI coordinates

Region Side Extent t X y z
Midbrain Medial 949 5.61 0 —26 -7
Anterior insula Right LM 5.19 39 25 -7
Dorsal amygdala Right LM 5.18 24 -5 —10
Caudate Right LM 3.18 15 19 5
Globus pallidus Right LM 3.57 9 -2 —-10
Globus pallidus Right LM 3.30 24 -1 2
Globus pallidus Right LM 3.60 15 -2 8
Globus pallidus Right LM 414 30 —17 -7
Putamen Right LM 418 27 7 -1
Hippocampus Right LM 3.83 30 -29 —1
Temporal pole Right LM 4.08 39 22 —40
Superior temporal gyrus Right LM 3.79 48 19 =25
Middle occipital gyrus Right 1518 9.73 54 —65 8
Middle occipital gyrus Right LM 9.47 51 —77 8
Fusiform gyrus Right LM 6.46 Ly} —47 -2
Middle occipital gyrus Left 1446 9.01 —42 —80 2
Middle occipital gyrus Left LM 6.99 —45 —65 8
Fusiform gyrus Left LM 5.83 -39 —65 -7
Cerebellum Left LM 4.44 —36 -7 -22
Inferior occipital gyrus Left LM 3.48 —24 —98 —16
Posterior insula Left 862 —5.72 -39 —41 23
Posterior insula Left LM =571 —45 -29 5
Posterior insula Left LM —4.43 —36 —14 17
Superior temporal gyrus Left LM —4.63 —63 —17 —1
Superior temporal gyrus Left LM —5.06 —51 —20 5
Middle temporal gyrus Left LM -3.73 —66 —26 -7
Superior temporal gyrus Right 801 —5.99 57 —26 8
Superior temporal gyrus Right LM —5.61 60 -2 2
Superior temporal gyrus Right LM —531 69 —-17 2
Inferior temporal gyrus Right LM —4.00 72 —26 —19
Posterior insula Right LM —3.40 Ly —26 20
Posterior insula Right LM —4.86 4 —14 5
Posterior insula Right LM —4.86 4 —14 5

LM, local maxima. t-values are given for peak voxels in each cluster. Negative t-values indicate brain
regions that responded more strongly to neutral stimuli than negative stimuli.

DLPFC (268/356; 75%) identified as being associated with lower levels
of negative affect fell within the emotion regulation mask (Table 4;
Figure 1). The dorsal half of the amygdala cluster that was associated
with greater levels of negative affect fell within the emotion generation
mask (11/26 amygdala voxels; 42%). No brain regions that were asso-
ciated with lower trial-by-trial reports of negative affect fell within the
emotion generation mask nor did any brain regions associated with
greater reports of negative affect fall within the emotion regulation
mask. In no brain regions did activity track trial-by-trial changes in
negative affect on both ‘look’ and ‘reappraise’ trials.

Neural bases of between-participant differences in
negative affect

Participants who on average strongly recruited VMPFC when respond-
ing to negative vs neutral stimuli reported lower levels of average nega-
tive affect (Table 5; Figure 2). No brain regions were associated with
relatively greater reports of negative affect in this analysis. No clusters
obtained in this analysis fell within the emotion generation or regula-
tion masks, nor within the emotion regulation within-subjects mask.
VMPEC responses did not correlate with trait anxiety (r=0.04,
P=.92)

DISCUSSION

In our everyday lives, we typically encounter emotion-eliciting stimuli
and events without being instructed about how to respond to them.

J. A.Silversetal.

Table 2 Brain regions associated with instructed regulation (reappraise negative > look
negative) and trial-by-trial changes in negative affect on instructed regulation trials

MNI coordinates

Region Side Extent t X y z

Reappraise/negative > Look/negative

Middle frontal gyrus Left 6111 7.84 —42 10 47
Inferior frontal gyrus Left LM 5.70 —60 28 8
Inferior frontal gyrus Left LM 5.00 —57 37 -1
Inferior frontal gyrus Left LM 5.02 —54 37 —13
Inferior frontal gyrus Left LM 6.39 —51 28 14
Inferior frontal gyrus Left LM 3.92 —48 25 —19
Inferior frontal gyrus Left LM 429 —45 22 —4
Inferior frontal gyrus Left LM 3.82 -33 34 -13
Inferior frontal gyrus Right LM 442 48 22 17
Inferior frontal gyrus Right LM 3.56 48 19 -7
Inferior frontal gyrus Right LM 4.76 57 28 —-10
Inferior frontal gyrus Right LM 3.57 60 31 2
Middle frontal gyrus Left LM 441 -33 52 8
Middle frontal gyrus Right LM 421 24 52 29
Middle frontal gyrus Right LM 4.15 24 58 20
Middle frontal gyrus Right LM 3.69 30 16 47
Middle frontal gyrus Right LM 5.07 45 25 32
Superior frontal gyrus Left LM 5.02 —24 61 n
Superior frontal gyrus Left LM 4.07 =21 28 35
Superior frontal gyrus Left LM 3.30 —15 58 38
Superior frontal gyrus Left LM 3.59 —12 49 38
Superior frontal gyrus Left LM 7.80 —6 28 53
Superior frontal gyrus Right LM 475 12 37 50
Superior frontal gyrus Right LM 3.41 2 7 68
Superior frontal gyrus Right LM 3.92 24 46 38
Anterior cingulate cortex Left LM 514 -9 28 32
Medial frontal gyrus Left LM 3.92 —6 52 26
Medial frontal gyrus Medial LM 3.70 0 55 n
Anterior insula Left LM 3.66 -33 19 —4
Anterior insula Right LM 3.26 36 22 —4
Middle temporal gyrus Left LM 3.81 —66 —41 5
Middle temporal gyrus Left LM 4.63 —63 —14 —10
Middle temporal gyrus Left LM 4.42 —63 -4 —4
Middle temporal gyrus Left LM 410 —63 1 —19
Middle temporal gyrus Left LM 4.44 —54 -2 —16
Middle temporal gyrus Left LM 3.61 —54 1 —40
Middle temporal gyrus Left LM 425 —51 10 =31
Superior temporal gyrus Left LM 4.82 —69 -29 -1
Superior temporal gyrus Left LM 447 —66 —56 17
Superior temporal gyrus Left LM 4.07 —57 19 —10
Superior temporal gyrus Left LM 4.65 —48 —26 —4
Inferior parietal lobule Left LM 5.10 —51 —68 44
Inferior parietal lobule Left LM 6.42 —48 —56 35
Superior parietal lobule Left LM 3.20 —27 —77 47

Regions associated with less negative affect during reappraisal

Inferior frontal gyrus Left 196 -3.17 —42 7 29
Middle frontal gyrus Left LM —-2.29 —42 31 23
Middle frontal gyrus Left LM —3.08 -39 -2 41
Middle frontal gyrus Left LM —2.86 —33 40 n

Inferior frontal gyrus Right 363 —3.51 54 13 14
Inferior frontal gyrus Right LM —241 Y] 16 29
Inferior frontal gyrus Right LM —240 48 1 29
Inferior frontal gyrus Right LM -3 63 13 35
Inferior frontal gyrus Right LM —-341 66 13 n

Regions associated with more negative affect during reappraisal

Cerebellum Right 168 3.00 9 —83 -25
Cerebellum Right LM 241 27 —77 —28
Cuneus Right LM 2.57 12 —95 —16
Cuneus Right LM 2.50 15 —104 5
Cuneus Right LM 2.44 18 —98 —4

LM, local maxima. No brain regions responded more strongly for the reverse contrast. t-values are
indicated for peak voxels.
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Table 3 Brain regions associated with within-subject changes in negative affect

MNI coordinates

Region Side Extent t X y z

Regions associated with less negative affect

Superior frontal gyrus Right 133 —3.74 21 46 38
Medial frontal gyrus Medial LM —3.49 0 28 50
Medial frontal gyrus Right LM —345 9 34 47
Middle frontal gyrus Right LM —332 24 52 20

Middle frontal gyrus Right 152 —431 30 10 56
Superior frontal gyrus Right LM —-3.19 15 10 65

Inferior frontal gyrus Right Ul —390 54 28 29

Regions associated with more negative affect

Middle temporal gyrus Right 155 486 48 7 —28
Temporal pole Right LM 4.26 36 13 =31
Amygdala Right LM 3.63 27 -5 -2

t-represents peak t-values for each cluster, negative values indicate regions associated with less
negative affect. LM, local maxima.

Yet, in ‘responding naturally’ to emotional triggers, our emotional
experiences may vary significantly in their intensity. To our knowledge,
this study is the first to examine how patterns of neural activity in
systems implicated in emotion generation or regulation predict less
negative affect during uninstructed viewing of aversive stimuli using
analyses to identify both within and between-individuals effects.

Drawing from prior work, we hypothesized that lower levels of
negative affect could be associated with (i) less activity in circuitry
implicated in affect generation (i.e. amygdala), (ii) more activity in
prefrontal regions implicated in effortful regulatory strategies like re-
appraisal (i.e. dorsal and lateral PFC), and/or (iii) more activity in
prefrontal regions that support affective learning, decision making
and regulatory processes that do not require explicit regulatory goals
(i.e. VMPFC). When examining within-participant variations in nega-
tive affect across trials, we found support for our first and second
hypotheses: activity in dorsomedial and dorsolateral prefrontal regions
associated with reappraisal predicted less negative affect on a trial-by-
trial basis whereas activity in an amygdala region associated with emo-
tion generation showed reduced activity. When examining average
differences in negative affect between individuals, we found that only
activity in VMPFC predicted lower levels of negative affect.

Implications for neural models of emotion regulation

This study has both methodological and conceptual implications for
models of emotion generation and regulation. Methodologically speak-
ing, this study points to the value of integrating neuroimaging research
on the neural bases of uninstructed emotional responding and in-
structed emotion regulation. Several studies have examined what
brain regions track with increasing emotional intensity during unin-
structed emotional responding (Canli et al., 2000; Anderson et al,
2003; Phan et al, 2004b), but few studies have examined what brain
regions track with ‘decreasing’ emotional intensity. One exception to
this point is work by Heinzel et al. (2005) that examined neural re-
sponses that tracked with stimulus valence, as indicated by published
normative rating data. However, this study differs from this prior work
by (i) using participants own ratings rather than published normative
data, (ii) looking at how affective responses vary ‘within’ the context of
negative emotion rather than across different types of emotional re-
sponses (negative, positive and neutral), and (iii) examining what
neural responses are associated with both within and between subject
variability in affective experience.
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Table 4 Brain regions associated within-subject changes in negative affect, masked by
brain regions associated with emotional regulation (reappraise > look negative) and
emotion generation (look negative > look neutral)

MNI coordinates

Region Side Extent t X y z

Regions associated with less negative affect, masked by emotion regulation map

Superior frontal gyrus Right 133 —3.74 21 46 38
Medial frontal gyrus Medial LM —349 0 28 50
Medial frontal gyrus Right LM —345 9 34 47
Middle frontal gyrus Right LM -332 24 52 20

Middle frontal gyrus Right 7 —431 30 10 56
Superior frontal gyrus Right LM -3.19 15 10 65
Superior frontal gyrus Right LM —3.44 27 19 59

Inferior frontal gyrus Right 64 —3.90 54 28 29
Middle frontal gyrus Right LM —3.40 45 31 4

Regions associated with more negative affect, masked by emotion generation map

Amygdala Right n 3.60 24 =5 —19

Superior temporal gyrus Right 5 3.3 39 19 —28

Superior temporal gyrus Right 6 3.68 51 13 -2

t represents peak t-values for each cluster, negative values indicate regions associated with less
negative affect. LM, local maxima. No brain regions associated with less negative affect were
revealed within the emotion generation map and no brain regions associated with more negative
affect were revealed within the emotion regulation map. No brain regions associated with more or
less negative affect fell within the emotion regulation within-subject map.

To our knowledge, no other study has directly compared neural
recruitment during instructed emotion regulation with neural recruit-
ment during uninstructed modulation of negative affect. In doing this,
the present study provides strong evidence to suggest that uninstructed
changes in affective experience are supported by recruitment of pre-
frontal regions that also support cognitive reappraisal. DLPFC and
DMPEFC are among the most consistently activated brain regions in
neuroimaging studies of reappraisal (Kalisch, 2009; Diekhof et al,
2011; Buhle et al, 2013). Given that DLPFC supports working
memory (Miller, 2000; Wager and Smith, 2003) and DMPFC supports
self-focused processing and mental state attribution (Amodio and
Frith, 2006; Olsson and Ochsner, 2008; Denny et al., 2012), it has
been suggested that during reappraisal DLPFC facilitates the mainten-
ance and manipulation of candidate reappraisals in working memory
whereas DMPFC supports monitoring of regulation success and one’s
changing affective states (Ochsner et al, 2012). Although we cannot
conclude with certainty whether or not participants were reappraising
on trials where they showed lower levels of negative affect, the present
data suggest that (i) uninstructed modulation of negative affect and
instructed cognitive reappraisal recruit highly overlapping portions of
prefrontal cortex, and (ii) uninstructed modulation of negative affect
involves recruitment of processes involved in cognitive control and
self-monitoring. In contrast to DLPFC and DMPEFC, negative affect
on look/negative trials tracked ‘positively’ with amygdala activation.
There are two potential explanations for this. The first is that amygdala
responses were lower on trials where participants simply did not per-
ceive the images to be that aversive in the first place. The second is that
amygdala activity was influenced in a top-down manner by recruit-
ment of DLPFC and DMPC, similarly to what has been suggested in
prior models and meta-analyses of reappraisal (Diekhof et al., 2011;
Ochsner et al., 2012; Buhle et al., 2013). Additional work is needed to
tease apart these two possibilities.

The present data also suggest that lateral prefrontal and ventro-
medial prefrontal regions play complementary roles in managing nega-
tive affect. Although dorsal and lateral PFC seemed to support
transient modulation of negative affect on given trials, only VMPFC
was associated with lower levels of cross-trial averaged negative affect.
VMPEC is consistently recruited in placebo, reversal learning and fear
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extinction paradigms wherein negative affect is reduced because of
changes in the contextual meaning of stimuli, or contingencies or
expectances about the relationship between behavior and the affective
value of stimuli (Schiller and Delgado, 2010; Diekhof et al, 2011). In
decision-making and evaluation paradigms, VMPFC recruitment is
associated with increased perceived value and diminished perceptions
of risk (Wallis and Miller, 2003; Kable and Glimcher, 2007; Hare et al.,
2008; Rolls et al., 2008; Xue et al., 2009) whereas other studies exam-
ining responses to aversive stimuli have found that VMPFC responses
are reduced under stress and threat (Mobbs et al., 2007; Wager et al.,
2009b). Taken together, this suggests that VMPFC integrates affective,
semantic and contextual knowledge to support the appropriate affect-
ive valuation of stimuli for a given individual in a given context
(Schoenbaum et al., 2011; Roy et al., 2012).

The present results suggest that VMPFC responses to affective sti-
muli can vary in meaningful ways between individuals. This notion is
supported by prior work demonstrating that individual differences in
VMPEC recruitment in response to aversive, stressful or anxiety-pro-
voking contexts scales negatively with self-reported experiences of
negative affect, anxiety and discomfort (van Reekum et al, 2007b;
Wager et al., 2009b; Eisenberger et al., 2011; Somerville et al., 2013).
Additionally, individuals with post-traumatic stress disorder (Etkin
and Wager, 2007), anxiety disorders (Etkin et al., 2010) and depression
(Johnstone et al., 2007) show dampened VMPEC responses and atyp-
ical VMPFC-amygdala connectivity when responding to aversive sti-
muli across a variety of tasks, including those involving an instructed

Table 5 Brain regions associated with between-subject differences in negative affect

MNI coordinates

Region Side  Extent r X y z

Regions associated with less negative affect
Medial frontal gyrus Right 127 —0.60 15 49 —7
Medial frontal gyrus Lleft LM —05 -3 49 -10
Subgenual anterior cingulate cortex  Left LM —055 —-12 37 -7

r-values represent correlation coefficients for the peak voxel identified in each cluster. These regions
were identified through a robust correlation between the look negative > look neutral contrast and
average self-reported negative affect on look negative vs look neutral trials. LM, local maxima. No
brain regions were associated with more negative affect. None of the regions listed below fell within
the emotion generation or regulation maps.

J. A.Silversetal.

regulation condition. Taken together, this suggests that greater sus-
tained VMPFC activity may assist in maintaining internalized repre-
sentations of safety that subsequently buffer individuals against
affective triggers that are likely to evoke fear or anxiety.

Limitations and future directions

The present data suggest a novel interpretation of how prefrontal and
subcortical regions involved in emotion generation and regulation sup-
port dynamic, within-individual changes in affect as well as average
differences in the ways that individuals respond to aversive events.
Although DLPFC and DMPFC recruitment was associated with less
negative affect and amygdala recruitment was associated with more
negative affect within individuals, only VMPFC activity was associated
with lower levels of average negative affect between individuals. In
considering these findings, it is important to consider limitations of
the present design as well as to identify important future directions for
this line of research.

First, future research may seek to investigate further what strategies
(if any) participants are engaging when they report experiencing less
negative affect on a trial-by-trial basis. For example, after completing
the paradigm, participants could be shown the emotional stimuli a
second time and asked to retrospectively report on what thoughts or
experiences they had for each one. Such an approach might help elu-
cidate whether the patterns of activation in this study were represen-
tative of participants implementing cognitive regulatory strategies or
some other type of as yet unidentified process that was incidentally
inversely correlated with negative affect.

Second, although VMPEFC activation differentiated individuals ac-
cording to their average negative emotionality on the present task,
additional work is needed to establish whether (i) the same pattern
would hold across other experimental contexts, and (ii) whether these
differences relate to mental health and wellbeing. With regards to the
first issue, follow-up work might examine whether individuals’
VMPFC responses to one type of aversive stimuli (e.g. negative
images) is predictive of responses to other types of aversive stimuli
(e.g. shock) as a means of testing how stable VMPFC activity is across
contexts. With regards to the second issue, an important direction for
future work will be to use this paradigm in conjunction with additional
laboratory and questionnaire measures to better characterize what in-
dividual differences relate to VMPFC responses (Bishop et al., 2004;
van Reekum et al., 2007b; Urry et al., 2009). Although this study did
not find evidence to suggest that trait anxiety levels correlated with

Less negative affect

p<.005

p<10®

Fig. 2 Brain regions associated with between-participant difference in negative affect. Activation for the look negative > look neutral contrast correlated with participants average self-reported negative affect
on look negative vs look neutral trials. None of these brain regions fell within the emotion generation or regulation masks.
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VMPEFEC responses, these results should be interpreted with caution
given that only a subset of participants contributed to this analysis.
Future work may seek to examine whether individual differences mod-
erate the relationship between VMPFC recruitment and self-reported
negative affect. For example, this brain—behavior relationship may be
weaker in individuals who are high in trait anxiety, as indexed by the
STAI or stronger in individuals who tend to reappraise more fre-
quently in their everyday lives, as indexed by a measure like the
Emotion Regulation Questionnaire.

Finally, it would be worthwhile for future work to attempt to rep-
licate the present findings without the inclusion of an instructed cog-
nitive reappraisal condition. Although the inclusion of this condition
in the present paradigm allowed for a direct comparison between un-
instructed modulation in negative affect and modulation supported by
instructed reappraisal, this methodological choice could also be seen as
a limitation given that reappraisal training may have influenced how
participants responded naturally to negative stimuli. Prior work has
suggested that trait tendencies to reappraise in every day life may
impact uninstructed responding to affective stimuli, but no prior
work has tested whether a relatively brief introduction to reappraisal
may also influence uninstructed responding (Drabant et al., 2009). To
address this issue, a follow-up study may adopt a between-subjects
design wherein half of the participants engage in reappraisal training
prior to completing the task whereas the other half of participants do
not.
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