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Abstract

Cognitive reappraisal has been associated with increased activation in prefrontal cortex (PFC) and
cingulate regions implicated in cognitive control and affect regulation. To date, neuroimaging
studies of reappraisal have primarily used emotionally evocative scenes, and it remains unclear
whether the same cognitive strategy applied to emotional facial expressions would involve similar
or different neural underpinnings. The present study used fMRI to examine brain activation during
cognitive reappraisal of negatively valenced facial expressions relative to passive viewing of
negative and neutral facial expressions. Twenty-two healthy adults completed a cognitive
reappraisal task comprised of three different conditions (Look-Neutral, Maintain-Negative,
Reappraise-Negative). Results indicated that reappraisal was associated with a decrease in
negative affect and engagement of PFC brain regions implicated in cognitive control and affect
regulation (DLPFC, mPFC, and VLPFC). Furthermore, individual differences in habitual
reappraisal use were associated with greater DLPFC and mPFC activation, while suppression use
was associated with greater amygdala activation. The present study provides preliminary evidence
that facial expressions are effective alternative ‘targets’ of prefrontal engagement during cognitive
reappraisal. These findings are particularly relevant for future research probing the neural bases of
emotion regulation in populations for whom aversive scenes may be less appropriate (e.g.,
children) and illnesses in which aberrant responses to social signals of threat and negative
feedback are cardinal phenotypes.
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Introduction

Emotion regulation refers to the processes involved in the evaluation and modification of
emotional experience and expression (Gross, 1998). While several different types of
emotion regulation strategies have been identified, reappraisal has been one of the most
widely studied and better understood approaches to volitionally modulate affect (Ochsner &
Gross, 2005). Reappraisal is a cognitive-linguistic approach that involves consciously
reinterpreting or re-framing the meaning of a stimulus with the intention of modifying its
initial emotion-eliciting characteristics and response (Gross, 2001). The ability to effectively
reappraise negative emotion has been associated with better physical, psychological, and
social outcomes (Gross, 2002; Gross & John, 2003) and is the foundation of most forms of
cognitive therapy (Barlow, 2007). In contrast, difficulties with cognitive reappraisal have
been associated with several psychopathological conditions (Kring & Werner, 2004) and
suggested to be a core mechanism of mood and anxiety disorders (Gross, 2007).

Over the past decade imaging neuroscience research has begun to identify the neural
substrates of cognitive reappraisal. These studies have consistently reported that reappraisal
involves increased activation of specific areas within the prefrontal cortex (PFC) and
anterior cingulate cortex (ACC) (Ochsner & Gross, 2008; see Ochsner et al., 2012 for
review). Specifically, reappraisal has been posited to engage a network of regions associated
with several important ‘cognitive’ functions, including allocation of attention and working
memory implemented by dorsolateral PFC (DLPFC), interpretation of internal and external
emotional states implemented by medial PFC (mPFC), response inhibition and selection of
information from memory implemented by ventrolateral PFC (VLPFC), and performance
monitoring implemented by dorsal ACC (Kim & Hamann, 2007; Ochsner et al., 2002; Phan
et al., 2005; see Buhle et al., 2013 and Diekhof et al., 2011 for meta-analyses). Reappraisal
has also been shown to decrease activation in limbic regions, such as the amygdala (Buhle et
al., 2013; Diekhof et al., 2011)

Neuroimaging studies on emotional processing in general have used several different types
of emotional stimuli. Initial studies on the neural correlates of emotional processing often
used emotional facial expressions (Gur et al., 2002; Hariri et al., 2000, Phan et al., 2002),
which were associated with increased activation in a number of prefrontal (ACC, MPFC),
limbic (amygdala, insula) and visual regions (inferior occipital gyrus, fusiform gyrus)
(Fusar-Poli et al., 2009). A parallel line of research has used complex emotionally evocative
scenes taken from the International Affective Picture System (IAPS; Lang et al., 2008). A
meta-analysis of studies examining the processing of emotionally-valenced (both positive
and negative) scenes and facial expressions identified increased activation in several
overlapping regions, including the amygdala, mPFC, inferior frontal cortex, inferior
temporal cortex, and extrastriate occipital cortex (Sabatinelli et al., 2011).

Neuroimaging research on cognitive reappraisal noted above has primarily used aversive,
negatively valenced scenes (e.g., IAPS images) to probe the neural correlates of reappraisal,
and less often employed emotional faces as ‘target’ stimuli which may have different
properties, utility, and advantages. For example, facial expressions can engage attention and
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cognitive processes without over-activating autonomic and somatic reactions indicative of
intense emotional responding (Wangelin et al., 2012). In addition, facial expressions may be
more suitable for child and adolescent populations relative to the more vivid, complex, and
provocative content (e.g., violent scenes) often depicted in IAPS stimuli to evoke negative
affect. Indeed, late childhood and early adolescence is a high risk period for the emergence
of psychopathology (Costello et al., 2003, 2006), and future investigations may prefer to use
more age-appropriate emotional stimuli (e.g., facial expressions). Lastly, emotional faces
that convey threat and/or negative social feedback may have more ecological validity for
certain forms of psychopathology (e.g., social phobia, schizophrenia) and future studies
examining the neural bases of reappraisal in illnesses in which aberrant responses to
aversive social signals are cardinal phenotypes. Thus, it is important to understand the neural
correlates of cognitive reappraisal of facial expressions.

To our knowledge, only two studies examining the neural substrates of cognitive reappraisal
have used facial expressions. McRae, Misra, and colleagues (2012) found that, relative to
passive viewing, reappraisal of negative faces was associated with increased amygdala
activation. Goldin and colleagues (2009) compared individuals with social anxiety disorder
(SAD) and healthy controls on the neural correlates of cognitive reappraisal using social
(“harsh’ facial expressions) and physical (violent scenes) threat, and the authors reported that
healthy control participants exhibited activation of ACC, DLPFC, mPFC, and VLPFC when
reappraising harsh facial expressions (and to a greater degree in controls relative to SAD
participants). However, there were important limitations to these studies. Specifically,
McRae et al. used an ROl-approach and only examined neural activity in the amygdala, and
Goldin et al. did not report results for the neural correlates of reappraisal in controls only
and used neutral scenes (rather than neutral faces) as a comparison condition, precluding any
definitive conclusions about cognitive reappraisal of facial expressions.

The present study used functional magnetic resonance imaging (fMRI) and examined the
neural substrates of cognitive reappraisal to negatively valenced facial expressions. Twenty-
two healthy adults completed a cognitive reappraisal task of facial expressions, adapted from
a prior task that employed evocative scenes (Ochsner et al., 2002; Phan et al., 2005; Urry et
al., 2006) and self-report affect was measured after every block of trials. Based on prior
research, we hypothesized that, similar to negative scenes, there would be decreased
negative affect and increased activation in prefrontal regions implicated in cognitive control
(ACC, DLPFC, mPFC, and VLPFC) during reappraisal of negative facial expressions.
Several investigations have reported decreased amygdala activation during cognitive
reappraisal of negative scenes (Ochsner et al., 2002; Urry et al., 2002). Thus, it is likely that
reappraisal of negative facial expressions will also be accompanied by a decrease in
amygdala activation. However, the only other study to specifically examine emotion
regulation of negative facial expressions found increased amygdala activation during
cognitive reappraisal (McRae, Misra, et al., 2012). Therefore, it is also possible that
reappraisal of negative facial expressions will be associated with an increase in amygdala
activation. Given these conflicting results, we did not make specific hypotheses regarding
amygdala activation during reappraisal of negative facial expressions, but the present study
may provide further support for either of these perspectives.
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Finally, the present study also examined the association between individual differences in
habitual emotion regulation strategy use and brain activation during the cognitive reappraisal
of negative facial expressions. As previously mentioned, reappraisal is one of the most
widely studied approaches to volitionally modulate affect (Ochsner & Gross, 2005);
however, there are other strategies available. For instance, expressive suppression is another
form of emotion regulation that is associated with poor physical and psychosocial outcomes
(Butler et al., 2003; Forkmann et al., 2014). To examine individual differences in typical
emotion regulation strategy use, participants completed the Emotion Regulation
Questionnaire (ERQ; Gross & John, 2003), which provides separate indices of the tendency
to use cognitive reappraisal and expressive suppression when regulating emotions. We
hypothesized that greater use of reappraisal (and not suppression) would be associated with
increased activation in prefrontal cognitive control regions (ACC, DLPFC, mPFC, and
VLPFC) during reappraisal of negative facial expressions

The sample included 22 right-handed adults (50% female, 81.8% Caucasian) between the
ages of 18 and 55 (M = 25.2, SD = 5.8) recruited via community advertisements.
Participants were interviewed by a licensed clinician using the Structured Clinical Interview
for DSM-1V (First et al., 2002) and examined by a board-certified psychiatrist. Exclusion
criteria included current use of psychoactive medications, a history of any Axis | diagnosis,
or history of major medical or neurological illnesses. No participant tested positive for
alcohol or illegal substances as screened by breathalyzer and urine drug screen at the time of
scanning. All participants provided written informed consent as approved by the local
Institutional Review Board.

The Emotion Regulation Questionnaire (ERQ; Gross & John, 2003) is a 10-item self-report
measure of the habitual use of cognitive reappraisal and expressive suppression. Each item
is rated on a 7-point Likert scale range from 1 (Strongly disagree) to 7 (Strongly agree), with
higher scores indicating a greater tendency to use the particular emotional regulation
strategy. The ERQ produces a six-item Reappraisal factor (M = 30.24 SD = 6.66, Cronbach's
a=.82) and a four-item Suppression factor (M = 12.67, SD = 4.07, Cronbach's a =.79) that
are orthogonal, r(21) = .02, ns.

Cognitive Reappraisal Task and Stimuli

Participants completed a face-variant of a well-established cognitive reappraisal task that
employed evocative scenes (Ochsner et al., 2002; Phan et al., 2005; Urry et al., 2006). The
task employed active, voluntary regulation of negative emotion using cognitive reappraisal
(Ochsner & Gross, 2005), and involved three conditions of interest: Look-Neutral (Look-
Neut), Maintain-Negative (Maintain-Neg), and Reappraise-Negative (Reappraise-Neg).
Neutral facial expressions were shown during the Look-Neut condition and participants
were instructed to simply look at the neutral face. Negative facial expressions were shown
during the Maintain-Neg and Reappraise-Neg conditions. During the Maintain-Neg
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condition, participants were instructed to attend to, be aware of, and experience naturally
(without trying to change or alter) the emotional state elicited by the negative facial
expression. During the Reappraise-Neg condition, participants were instructed to use
cognitive reappraisal (reinterpret, reframe) and voluntarily decrease the intensity of any
evoked negative emotion (Gross, 1999; Lazarus, 1991). Prior to the scan, participants were
provided with extensive instruction on reappraisal, and participant-generated strategies were
reviewed and practiced with faces not used in the actual fMRI experiment to confirm
understanding of task instructions.

For reappraisal training, two well-validated examples were provided to facilitate
understanding of the strategy: 1) conceptualizing the depicted facial expression in a less
negative or more positive way (e.g., anger facial expression could be interpreted as getting
pumped up for a sporting event); and 2) objectifying the content of the facial expression
(e.g., interpreted as a model practicing an expression). These types of reappraisal strategies
have been found to be successful in the volitional regulation of the negative emotions and
neural response evoked by aversive stimuli (Ochsner et al., 2002; Phan et al., 2005). We
provided these examples for illustrative purposes, but also explained to participants that no
single type of reinterpretation strategy would likely be applicable to every stimulus. Thus,
participants were instructed to use the most effective reframing strategy they could think of
for each facial expression. Participants were also instructed to not look away from the
stimuli, close their eyes, or think about other things as a means of reducing their emotional
response.

The reappraisal task was completed across three runs. During each run, participants viewed
two 20-s blocks of each condition (Look-Neut, Maintain-Neg, Reappraise-Neg) interspersed
with 20-s baseline blocks consisting of an image of a white fixation cross on a black
background to allow the fMRI signal to return to baseline. During the baseline blocks,
participants were asked to stop maintaining or reappraising and attend to the fixation cross.
Each block consisted of four images, presented for 5-s each -consecutively, without an
interstimulus interval. Prior to each block of images, the instruction to ‘Look’, ‘Maintain’, or
‘Reappraise’ appeared in white text at the center of a black screen for a duration of 5-s.
Immediately following each Look-Neut, Maintain-Neg, and Reappraise-Neg block, a black
screen with a rating scale appeared for 5-s asking participants to rate “How negative do you
feel?” on a 5-point scale (1 = not at all, 5 = extremely) via button response. The order of
Look-Neut, Maintain-Neg and Reappraise-Neg blocks was presented in a fixed order across
the three scans (Scan 1 — Look-Neut, Maintain-Neg, Reappraise-Neg, Maintain-Neg, Look-
Neut, Reappraise-Neg; Scan 2 — Maintain-Neg, Reappraise-Neg, Look-Neut, Reappraise-
Neg, Maintain-Neg, Look-Neut; Scan 3 — Reappraise-Neg, Look-Neut, Maintain-Neg,
Look-Neut, Reappraise-Neg, Maintain-Neg).

Emotional facial expressions were 72 unique images selected from the NimStim Set of
Facial Expressions (http://www.macbrain.org/resources.htm), which consists of naturally
posed photographs of professional actors, displaying angry, fearful/afraid, and neutral
expressions.® Stimuli were classified into negative (n = 48) and neutral categories (n = 24),
and negative stimuli were equally divided between fear (n = 24) and anger expressions (n =
24). Neutral, negative-fear, and negative-anger stimuli were balanced on gender, ethnicity,
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and mouth-open vs. mouth-closed expressions. In addition, negative stimuli used in the
Maintain-Neg vs. Reappraise-Neg conditions were balanced for the number of fear vs. anger
expressions, gender, ethnicity, and mouth-open vs. mouth-closed expressions.

fMRI Data Acquisition

Functional imaging was performed with blood-oxygen-level-dependent (BOLD) sensitive
whole-brain fMRI on a 3.0 Tesla GE Signa System (General Electric; Milwaukee, WI) using
a standard head coil. Images were acquired with 30 axial, 5 mm thick slices using a standard
T2*-sensitive gradient echo reverse-spiral sequence (2-s TR; 25-ms TE; 64 x 64 matrix; 24
cm FOV; 77¢ flip angle; 3.75 x 3.75 x 5 mm final voxel size) optimized for minimal signal
loss in susceptibility-prone areas (amygdala, orbitofrontal cortex). A high-resolution, T1-
weighted anatomical scan was also acquired in the same axial orientation (9-ms TR, 1.8-ms
TE; 256 x 256 matrix; 256 mm FOV; 15° flip angle; 124 1.2 mm thick slices).

fMRI Data Processing and Analyses

One participant was excluded from analyses due to excessive head movement (> 3 mm),
leaving a final N = 21. Conventional preprocessing steps were completed using Statistical
Parametric Mapping software (SPM8; Wellcome Trust Centre for Neuroimaging, London,
http://www.fil.ion.ucl.ac.uk/spm). Images were temporally corrected for differences in slice
time collection, spatially realigned to the first scan, normalized to the Montreal Neurological
Institute (MNI) template, and smoothed with a 8 mm isotropic Gaussian kernel.

The general linear model was applied to the time series, convolved with the canonical
hemodynamic response function and with a 128-s high-pass filter. Condition effects were
modeled with box-car regressors representing the occurrence of each block type, and effects
were estimated at each voxel and for each participant. The 5-s instruction and negative affect
rating were not included in the model. In addition, the six movement parameters obtained
during realignment were included in the model as regressors to account for motion-related
effects in BOLD. Contrasts of interest (Maintain-Neg vs. Look-Neut and Reappraise-Neg
vs. Maintain-Neg) were generated for each participant; these individual statistical parametric
maps were then analyzed at the second level in a random-effects statistical model.
Consistent with prior fMRI studies of cognitive reappraisal employing whole-brain analyses
(see Diekhof et al., 2011 for meta-analysis) and to strike suitable balance between Type |
and Type Il errors (Lieberman & Cunningham, 2009), significance was set at p < .005
(uncorrected) with cluster extent threshold greater than 20 contiguous resampled voxels
(volume > 160 mm3) for activations falling within a priori regions of interest (ACC,
DLPFC, mPFC, and VLPFC). For completeness and to obviate bias and generate new
hypotheses for subsequent studies, we report all activations that survived this statistical
threshold. The software xjView (http://www.alivelearn.net/xjview) was used to identify
anatomical labels for whole-brain findings based on the WFU Pickatlas (Maldjian et al.,
2003).

LFacial expressions consisted of stimuli from the NimStim Set of Facial Expressions and consisted of neutral, fear, and anger
expressions from actors 1, 2, 3, 6, 7, 8, 9, 10, 11, 13, 16, 17, 22, 23, 24, 25, 27, 33, 36, 38, 39, 41, 42, and 45.
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Given our strong a priori hypotheses about the role of the ACC, DLPFC, mPFC, and
VLPFC, cluster-based significance thresholding was performed via simulation using the
3dClustSim utility (10,000 iterations) (Analysis of Functional Neurolmages, 2005). Given
smoothness estimates of this data (8.5 x 9.9 x 7.4 mm3) across the ACC/DLPFC/mPFC/
VLPFC ROI mask with volume of 469 cm?3, a family-wise error correction at a < .05 was
realized with a voxel threshold of p <.005 and minimum cluster size of 121 voxels (968
mm3).

To clarify magnitude and direction of findings in regions of interest and conduct
correlational analyses with subjective ratings of negative affect and individual differences in
emotion regulation tendencies, BOLD signal responses (parameter estimates, 3-weights in
arbitrary units [au] of activation) averaged across all ‘activated’ voxels were extracted from
each participant using spherical (10 mm diameter) volumes of interest centering on peak
group activations from a priori regions of interest. Separate parameter estimates were
extracted for Maintain-Neg vs. Look-Neut and Reappraise-Neg vs. Look-Neut contrasts.

There are several different ways to calculate change between conditions (Nelson, Shankman,
Olino, & Klein, 2011). For the correlational analyses, we elected to use residual scores
rather than subtraction-based difference scores, which are less effective at isolating variance
unique to a particular condition, primarily because the resulting difference score remains
correlated with both initial values (Cronbach, & Furby, 1970; DuBois, 1957). Residuals
reflect the difference between an individual's observed average response to Reappraise-Neg
(vs. Look-Neut) and the average that would be predicted from Maintain-Neg (vs. Look-
Neut). The residuals will be independent from the average response to Maintain-Neg but
correlated with the average response to Reappraise-Neg. Thus, linear regressions were
conducted for each a priori ROI and subjective ratings of negative affect, predicting
Reappraise-Neg from Maintain-Neg. Standardized residuals representing variance unique to
Reappraise-Neg after controlling for the response to Maintain-Neg were saved for each
participant and from each regression and submitted to correlational analyses using Statistical
Package for the Social Sciences (SPSS; Version 22).

Behavioral Ratings

A repeated-measures analysis of variance (ANOVA) indicated that negative affect ratings
differed between conditions, F(1, 20) = 21.44, p < .001, np? = .52, such that negative affect
was greater during Maintain-Neg (M = 2.34, SD = 0.97) relative to Look-Neut (M = 1.33,
SD = 0.41), F(1, 20) = 24.02, p < .001, np? = .55, and Reappraise-Neg (M = 1.43, SD =
0.51), F(1, 20) = 27.09, p < .001, np? = .58, while Reappraise-Neg and Look-Neut did not
differ, F(1, 20) = 0.78, ns. These results indicate that participants were able to decrease their
negative affect during the reappraisal of negative facial expressions to a comparable level as
the passive viewing of neutral facial expressions.

Behav Brain Res. Author manuscript; available in PMC 2016 February 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Nelson et al. Page 8

Neuroimaging Results

Viewing of negative facial expressions—A direct contrast between Maintain-Neg and
Look-Neut was conducted to identify which regions were uniquely activated for viewing
negative relative to neutral facial expressions (see Table 1). Results indicated that for
Maintain-Neg facial expressions there was greater activation in right VLPFC, left occipital
lobe, and right cerebellum.

Reappraisal of negative facial expressions—A direct contrast between Reappraise-
Neg and Maintain-Neg was conducted to identify regions that were activated during
cognitive reappraisal of negative facial expressions (see Table 1). Reappraise-Neg (relative
to Maintain-Neut) elicited greater activation in several a priori areas of interest, including
left DLPFC, left mPFC, and bilateral VLPFC. Furthermore, Reappraise-Neg was also
associated with greater bilateral amygdala activation.?

Change in amygdala activation and prefrontal cognitive control regions
during reappraisal—Correlational analyses were conducted to examine the association
between reappraisal-based changes in amygdala activation and a priori prefrontal cognitive
control regions (DLPFC, mPFC, and VLPFC). Partial correlations were conducted
(controlling for age and sex)3 between these regions using residual scores (Reappraise-Neg
independent of Maintain-Neg) calculated from the extracted parameter estimates. There was
a positive association between amygdala activation and neural response in left DLPFC,
pr(21) = .52, p < .05 (see Figure 2), such that increased amygdala activation during
reappraisal was accompanied by increased activation in left DLPFC.

Change in negative affect and brain activation during reappraisal—Partial
correlations were also conducted to examine the association between change in negative
affect and brain activation during reappraisal in a priori cognitive control (DLPFC, mPFC,
and VLPFC) and limbic regions (amygdala). Residual scores were used for the change in
negative affect and brain activation. There was a positive association between negative
affect and brain activation in left DLPFC, pr(21) = .47, p < .05, and bilateral amygdala,
pr(21) = .61, p < .01 (see Figure 3). Thus, decreased negative affect during reappraisal was
associated with decreased activation in these specific cognitive control and limbic regions.

Individual differences in emaotion regulation and brain activation during
reappraisal—Finally, we examined whether individual differences in the habitual
tendency to use reappraisal or expressive suppression were associated with brain activation
during reappraisal in a priori cognitive control (DLPFC, mPFC, and VLPFC) and limbic
regions (amygdala). Residual scores were used for change in brain activation. There was a
positive association between ERQ-Reappraisal and brain activation in left DLPFC, pr(21)

= .46, p < .05, and mPFC, pr(21) = .46, p < .05. In addition, ERQ-Suppression was
positively associated with brain activation in bilateral amygdala, pr(21) = .49, p < .05. These

2\We also compared the neural correlates of cognitive reappraisal of anger and fear emotional expressions. Results indicated there
were no differences between anger and fear stimuli in any a priori prefrontal or limbic region.

Age and sex were included as covariates given their association with emotion regulation abilities (Domes et al., 2010; McRae et al.,
2008; Urry & Gross, 2010).
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results indicate that the more participants reported using reappraisal, the greater their left
DLPFC and MPFC activation, whereas the more they reported using suppression, the greater
their bilateral amygdala activation during reappraisal of negative facial expressions.

Discussion

The present study found that cognitive reappraisal of negatively valenced, aversive faces
was associated with a decrease in negative affect and engaged several prefrontal brain
regions. Specifically, relative to viewing negative faces, reappraisal of negative faces was
associated with increased activation in several cognitive control regions, including left
DLPFC, hilateral VLPFC, and mPFC. These results are consistent with previous
neuroimaging studies of reappraisal-based cognitive strategies using emotional scenes
(Diekhof et al., 2011; Phan et al., 2005) and replicate the finding of increased DLPFC and
mPFC activation in one of the few studies that has examined the neural substrates of
reappraisal using facial expressions (Goldin et al., 2009). Interestingly, reappraisal was not
associated with ACC activation. However, research has been mixed regarding ACC
involvement during cognitive reappraisal (Ochsner & Gross, 2008), and some evidence
suggests that ACC activation may be more related to emotional suppression than reappraisal
(Goldin et al., 2008).

Cognitive reappraisal is a multifaceted process encompassing a number of different
cognitive functions. The present study suggests that DLPFC, mPFC, and VLPFC regions
might constitute a common, shared PFC module used to implement cognitive reappraisal
regardless of stimulus type. Specifically, cognitive reappraisal of negative stimuli appears to
involve selective attention and working memory implemented by DLPFC, response
selection and inhibition implemented by VLPFC, and semantic and reflective processes
relevant to modifying stimulus meaning implemented by mPFC (Ochsner & Gross, 2008;
see Ochsner et al., 2012). Furthermore, a recent meta-analysis of neuroimaging studies on
cognitive reappraisal of emotion indicated that reappraisal consistently activated DLPFC,
mPFC, and VLPFC regions and deactivated amygdala (Buhle et al., 2013)* and further
supports these regions as comprising a common reappraisal neural network. However, it is
important to note that several of these regions have been implicated in other emotion
regulation strategies (e.g., distancing; Koenigsberg et al., 2010) and may not necessarily be
unique to cognitive reappraisal.

There was an association between change in self-reported negative affect and neural
response during reappraise relative to maintain conditions. Specifically, decreased negative
affect was associated with decreased activation in left DLPFC and bilateral amygdala. The
association between negative affect and amygdala activation is consistent with previous
research (Phan et al., 2005), and supports the notion that cognitive reappraisal of negative
affect can attenuate both neural response during evaluation and experience of negative
affect. However, the association between negative affect and DLPFC activation contradicts
previous research demonstrating an inverse relationship and supporting the effectiveness of

4Buhle et al. (2013) only included amygdala voxels for which reappraisal < baseline and did not include voxels for which reappraisal
> baseline. Thus, based on this approach increased amygdala activation during reappraisal cannot be definitively ruled out.
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emotion regulation (Phan et al., 2005; Wager et al., 2008). It is possible though that as
negative affect decreased, the need to utilize regulatory abilities implemented by cognitive
control regions decreased as well. Of note, these correlations were between-subjects, and
future research using alternative techniques, such as psychophysiological interaction, is
needed to better understand the dynamic relationship between changes in negative affect and
neural response during reappraisal within-subjects.

Changes in neural response during reappraisal were also associated with changes in
amygdala activation. Interestingly, there was a positive association between change in
bilateral amygdala activation and left DLPFC. These results are consistent with the
amygdala signaling the need to reappraise and being accompanied by increased engagement
of prefrontal regions implemented in cognitive control. There was also increased amygdala
activation during reappraisal relative to viewing negative faces. There is a common
theoretical view that reappraisal should decrease brain activation in regions associated with
emotion representation (e.g., amygdala). However, this literature has almost exclusively
relied on the use of evocative emotional scenes, and it is less clear whether reappraisal of
facial expressions will also reduce amygdala activation. Consistent with our results, the one
previous study to examine facial expressions found that reappraisal of negative faces
(relative to look) actually increased amygdala response (McRae, Misra, et al., 2012). The
authors suggest that facial expressions are more likely to elicit bottom-up emation
generation, which involves more inherent emotional perceptual properties of a stimulus
(e.g., an open mouth). The process of identifying these properties, creating a context, and
transforming them into a linguistic representation (i.e., the appraisal) may have contributed
to increased amygdala activation. In contrast, emotional scenes often present a contextual
foundation and allow the individual to more readily engage in reappraisal. Nonetheless,
several of studies using emotional scenes have found no change in amygdala activation
during reappraisal (Johnstone et al., 2007; Phan et al., 2005; Urry et al., 2006).

There were also methodological limitations that may have contributed to increased
amygdala activation during reappraisal. For example, the present study used a block design
that combined both initial appraisal and subsequent reappraisal of negative stimuli, and
increased amygdala activation during reappraisal could have been due to increased attention
and evaluation required to reinterpret negative stimuli. In other words, the neural response
measured during reappraisal trials always contained the initial appraisal and evaluation of
the negative stimulus, but may not have always included successful reappraisal. This
hypothesis is further supported by the finding of greater activation in the left fusiform gyrus
during the reappraise relative to maintain condition, and suggests that participants may have
initially viewed more negative/threatening aspects of the stimuli (e.g., eyes) in order to
effectively modulate their emotional state.

Interestingly, there was no difference in amygdala activation during the viewing of negative
relative to neutral facial expressions. Indeed, previous studies have reported increased
amygdala activation during the processing of negative relative to neutral facial expressions
(Williams et al., 2004). However, several studies have indicated that the amygdala is not
uniquely associated with emotional facial expressions (Winston et al., 2003; Yang et al.,
2002). Furthermore, Fitzgerald et al. (2006) found that fearful, angry, disgusted, sad, happy,
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and neutral facial expressions all elicited increased amygdala activation relative to color
photographs of portable radios, and none of the emotional facial expressions elicited greater
amygdala activation relative to neutral facial expressions. The authors suggest that the
amygdala may have a broader role in emotional salience or relevance detection during the
perception and processing of faces and is better defined as a general-purpose processor of all
forms of salient social information.

Individual differences in the habitual use of different emotion regulation strategies were
associated with prefrontal and limbic activation during cognitive reappraisal of negative
facial expressions. Reappraisal use was positively associated with brain activation in left
DLPFC and mPFC, whereas suppression use was positively associated with brain activation
in bilateral amygdala. These results are consistent with previous research indicating
individual differences in reappraisal use predicts prefrontal engagement during reappraisal
(Drabant et al., 2009), while expressive suppression increases amygdala activation (Goldin
et al., 2008). Furthermore, these results may at least partially explain the finding of
increased amygdala activation during reappraisal of negative facial expressions—that is,
individuals who tend to suppress their emotional reaction may have inadvertently done so
when attempting to engage in cognitive reappraisal.

The present study has several important research implications. The results suggest that
emotional faces are effective alternative ‘targets’ of prefrontal engagement during cognitive
reappraisal in functional imaging studies on the neural substrates of reappraisal. Indeed,
there are many different types of emotion-eliciting stimuli (e.g., movie clips, electric shocks,
imagery), and it remains unclear whether the neural substrates for reappraisal of those (and
other) stimuli are comparable. Moreover, emotionally evocative images and aversive
experiences may be less appropriate in certain vulnerable populations (e.g., children) in the
context of fMRI studies. Facial expressions may be less likely to produce residual negative
affect after completion of a cognitive reappraisal task. Finally, faces may have more
ecological validity for certain forms of psychopathology (e.g., social phobia, schizophrenia)
and future studies examining the neural bases of reappraisal in in illnesses in which aberrant
responses to social signals of threat and negative feedback are cardinal phenotypes.

It is important to note that despite the potential advantages of using facial expressions to
examine cognitive reappraisal, there are some precautions to consider. Most importantly, the
present study and prior research (McRae, Misra, et al., 2012) indicates that reappraisal of
negative facial expressions may be accompanied by increased amygdala activation, and the
nature of the association between cognitive control regions, limbic activation, and negative
affect may differ from that typically found using emotional scenes. In addition, the present
study did not directly compare prefrontal engagement during reappraisal of negative facial
expressions to that during reappraisal of emotional scenes. Therefore, it is unclear whether
both types of stimuli elicit comparable prefrontal and limbic activation during cognitive
reappraisal.

The present study had several limitations that warrant consideration. First, the sample size
was relatively small (N = 21) and that may have limited our ability to detect other regions
implicated in cognitive reappraisal of negative faces (e.g., ACC). Second, participants were
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allowed to use two different reappraisal strategies (e.g., ‘reinterpretation” and
‘objectification”), and it is unclear whether these approaches are associated with similar or
different neural substrates. Third, there were no behavioral (e.g., eye tracking) or self-report
measures of reappraisal fidelity during the task, and it is possible that participants may have
used other regulation strategies (e.g., suppression). Fourth, behavioral ratings were made
retrospectively at the end of each block and may have been influenced by recall biases or
demand characteristics. Lastly, we did not collect peripheral psychophysiological measures
(e.g., skin conductance, heart rate) of emotion expression and regulation.

In conclusion, the present study found that cognitive reappraisal of negatively valenced,
aversive faces was associated with a decrease in negative affect and engaged a network of
prefrontal brain regions. Reappraisal was associated with increased neural response in
regions implicated in cognitive control (left DLPFC, bilateral VLPFC, and mPFC) which
serve as core processes implemented during cognitive reappraisal. Overall, the present study
provides preliminary evidence suggesting that facial photographs are effective targets for
cognitive reappraisal and have utility in functional neuroimaging studies on the neural
substrates of cognitive regulation. These findings prompt their use in young children and
clinical populations characterized by aberrant processing and response to social signals that
convey threat and/or negative feedback.
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Figure 1.
Voxel-wise statistical t-map on a canonical brain displaying differences in neural responses

for Reappraise-Neg vs. Maintain-Neg. All voxels were significant at p < .005 (uncorrected)
with cluster extent threshold greater than 20 contiguous voxels. Bar graphs illustrate
extracted parameter estimates from the left DLPFC (top) and mPFC (bottom) for
Reappraise-Neg vs. Look-Neut and Maintain-Neg vs. Look-Neut contrasts. AU = arbitrary
units; DLPFC = dorsolateral prefrontal cortex; L = Look-Neut; M = Maintain-Neg; mPFC =
medial prefrontal cortex; R = Reappraise-Neg.
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Figure 2.
Scatterplot depicting the association between DLPFC and amygdala activation during

Reappraise-Neg. Residual scores were calculated by regressing Reappraise-Neg on
Maintain-Neg. DLPFC = dorsolateral prefrontal cortex.
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Figure 3.
Scatterplots depicting the association between DLPFC (top) and amygdala activation

(bottom) and negative affect during Reappraise-Neg. Residual scores were calculated by
regressing Reappraise-Neg on Maintain- Neg. DLPFC = dorsolateral prefrontal cortex.
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Whole-Brain Analysis of the Viewing and Reappraisal of Negative Facial Expressions

Table 1

MNI Coordinates

Contrast Region Hemisphere  Voxels X y z Z Value

M>L

Cerebellum R 140 20 -72 -34 4.06

Occipital Lobe 29 -42 -88 -8 3.14

VLPFC R 35 54 28 -8 3.12
R>M

DLPFC L 1939 -42 2 46 4.56

-62 6 26 3.79

MPFC L 688 -4 26 52 3.17

Amygdala L 670 -16 -8 -18 4.55

R 52 26 4 -18 3.69

Temporal Pole L 110 -40 10 -30 4.10

VLPFC R 1648 66 12 12 3.98

44 28 34 3.43

56 30 6 3.09

L 145 -50 32 -6 3.68

Occipital Lobe R 344 38 -82 22 3.75

Fusiform Gyrus L 172 -46 -48 -20 3.68

Cuneus L 685 -8 -78 12 3.45

Page 20

Note. Bolded regions indicate a priori areas of interest. All findings were significant at p < .005 (uncorrected) with cluster extent threshold greater
than 20 contiguous voxels. All prefrontal clusters for R > M also survived 3dClustSim family wise error correction at a < .05 (voxel threshold of p
<.005 and a cluster size of at least 121 voxels). Coordinates with no reported voxel size indicate sub peaks within the larger cluster. DLPFC =

dorsolateral prefrontal cortex; L = Look-Neut; M = Maintain-Neg; MNI = Montreal Neurological Institute, MPFC = medial prefrontal cortex; R =

Reappraise-Neg; VLPFC = ventrolateral prefrontal cortex.
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