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Abstract

The cognitive regulation of emotion is impaired in major depressive disorder and has been linked to an imbalance of pre-
frontal–subcortical brain activity. Despite suggestions that this relationship represents a neurodevelopmental marker of
depression, few studies have examined the neural correlates of emotion regulation in depressed youth. We combined a
‘cognitive reappraisal’ paradigm with functional magnetic resonance imaging to study the neural correlates of emotional
regulation in a large sample of non-medicated depressed adolescents and young adults (n¼53) and healthy controls
(n¼64). As compared with healthy controls, young people with depression were less able to reduce negative affect during
reappraisal, which corresponded to blunted modulation of amygdala activity. While in healthy individuals amygdala activa-
tion was modulated by age, no such relationship was observed in depressed individuals. Heightened activation of the
ventromedial pre-frontal cortex (vmPFC) and reduced activation of the dorsal midline cortex was also found for the
depressed group. Overall, these findings suggest that brain systems that support cognitive reappraisal are functionally
altered in youth depression. We argue that excessive engagement of the vmPFC in particular, may be central to understand-
ing how the process of putting a ‘positive spin’ on negative emotional material may be altered in depressed youth.
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Introduction

Impaired emotion regulation is recognized as a characteristic
feature of major depressive disorder (MDD; Rive et al., 2013;
Berking et al., 2014; Joormann and Vanderlind, 2014; Lei et al.,
2014; Millgram et al., 2015). Depressed individuals are less likely
to use adaptive emotion regulation strategies like cognitive re-
appraisal: a form of regulation that involves re-interpreting the
meaning of a negative stimulus or event in order to improve
one’s mood (Garnefski et al., 2002; Ochsner and Gross, 2005;
D’Avanzato et al., 2013; Gross, 2013). It has been hypothesized

that neurodevelopmental processes that contribute to improved
emotion regulation across adolescence and young adulthood
(i.e. youth) may be particularly affected in depression (McRae
et al., 2012; Ahmed et al., 2015; Ho et al., 2015)—which typically
has its first onset during this life period (Dahl, 2004; Nelson
et al., 2005; Giedd et al., 2008; Casey et al., 2010; Powers and
Casey, 2015)—although this hypothesis requires more direct
examination.

In adults with depression, neuroimaging studies have con-
sistently implicated functional alterations of pre-frontal cortical
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regions that mediate ‘top-down’ emotional control—in particu-
lar the dorsolateral pre-frontal cortex—as well as alterations of
‘bottom up’ limbic-subcortical regions (including the amygdala)
which contribute to the generation of negative emotional re-
sponses (Mayberg, 1997; Siegle et al., 2007; Phillips et al., 2008;
Carter, 2009; Price and Drevets, 2010). When performing cogni-
tive reappraisal tasks, unmedicated depressed adults have
demonstrated heightened engagement of lateral pre-frontal
and dorsal midline cortical regions (Beauregard et al., 2006;
Johnstone et al., 2007; Sheline et al., 2010), which has been sug-
gested to index greater difficulty in applying reappraisal strat-
egies (Beauregard et al., 2006). In parallel, these studies have
also reported weaker modulation of amygdala activity to nega-
tive stimuli during reappraisal (Beauregard et al., 2006; Erk et al.,
2010; Greening et al., 2014), with amygdala down-regulation
being a robust correlate of successful emotion regulation in
non-depressed individuals (Schaefer et al., 2002; Ochsner et al.,
2004; Phan et al., 2005; Buhle et al., 2014; Frank et al., 2014).

The period from adolescence to young adulthood has long
been cited as a difficult period for the regulation of emotion,
and likely related to this, it is when most first episodes of de-
pression emerge (Lewinsohn et al., 1998; Lee et al., 2014; Giedd
et al., 2008). Yet, despite an increased focus on the neurobiology
of MDD in youth (Kerestes et al., 2014), few neuroimaging stud-
ies have examined reappraisal processes in these populations.
Studying reappraisal processes in depressed youth is however
important, because at this early stage symptoms are less likely
to be entrenched (via the natural course of illness) and potential
confounds from treatment interventions are likely to be mini-
mized (Hulvershorn et al., 2011). Further, as many of the neural
substrates relevant to emotion regulation undergo substantial
development during this period (Giedd et al., 1999; Cunningham
et al., 2002; Ahmed et al., 2015), examination of the pathophysi-
ology of depression in youth may reveal a role for abnormal de-
velopmental processes in the emergence of depressive
pathology.

To date, the vast majority of neuroimaging research examin-
ing reappraisal has been focused on adults with MDD. In one of
the only reappraisal studies of adolescents to date, Perlman
et al. (2012) examined depressed participants aged between
13 and 17 years. They reported a group difference between pa-
tients and controls in amygdala response in their task.
However, this was driven by greater amygdala response to
negative stimuli among patients during a ‘maintain’ (i.e. non-
emotion regulation) condition, rather than impaired amygdala
down-regulation during reappraisal, per se. The lack of obvious
alteration in this group with respect to reappraisal ability and
regulation of amygdala activity converges with results in child/
pre-adolescent populations (Belden et al., 2015) and appears
contrary to the idea that core deficits in emotion regulation
underlie depressive vulnerability in youth (Garnefski et al., 2002;
Silk et al., 2003; Waller et al., 2014). However, considering the
modest sample size of this study (14 patients), further investiga-
tions are needed to examine the neural correlates of emotion
regulation in depressed youth. In addition, more research is
needed to determine the impact of depression on developmen-
tally mediated improvements in reappraisal ability and top-
down regulation of the amygdala previously reported to occur
across this age period (Pitskel et al., 2011; Silvers et al., 2012,
2015; Vink et al., 2014; Martin and Ochsner, 2016; Stephanou
et al., 2016).

In this study, we recruited a large sample of unmedicated
adolescents and young adults (which we refer to as ‘youth’)
with moderate-to-severe MDD, who completed a cognitive

reappraisal fMRI task that focused on social-affective imagery.
Most reappraisal tasks have used a mixture of social and non-
social imagery, but we focused on social images given the sali-
ency of such contexts for youth depression (Casey et al., 2008;
Burnett et al., 2011; Marroqu�ın, 2011; Crone and Dahl, 2012) and
our broader interest in the maturation of social–emotional proc-
esses in young people (Davey et al., 2011; Whittle et al., 2016).
Depressed participants were included from an age range that
extended from the middle teenage years to early adulthood
(15–25 years), which accords with a clinical focus on youth men-
tal health (McGorry, 1998) and is consistent with our current
understanding of the continuities in brain and social develop-
ment through this period (Giedd et al., 1999; Davey et al., 2008).
On the basis of our recent work with the reappraisal paradigm
in healthy youth (Stephanou et al., 2016), we were interested to
examine the impact of MDD on activation of the amygdala and
pre-frontal cortex as they were found to be robustly implicated
by our task and have been linked to developmentally mediated
changes in reappraisal ability across this age period (McRae
et al., 2012; Silvers et al., 2015). Consistent with studies of de-
pressed adults, we anticipated that young people with depres-
sion would show impaired pre-frontal cortical modulation of
amygdala activity during reappraisal, and that typical age-
related improvements in the regulation of amygdala activity—
previously demonstrated in healthy adolescents (Stephanou
et al., 2016)—would be specifically adversely impacted by the
illness.

Materials and methods
Participants

Sixty-two medication-free outpatients with a primary diagnosis
of MDD were recruited from specialized youth mental health
clinics in Melbourne, Australia. All patients were experiencing a
major depressive episode, as determined by the Structured
Clinical Interview for the Diagnostic and Statistical Manual of
Mental Disorders Fourth Edition (SCID-IV; First et al., 2002).
Depression severity was moderate-to-severe (� 20) as confirmed
with the Montgomery–Åsberg Depression Rating Scale (MADRS;
Montgomery and Asberg, 1979) (Table 1 contains further patient
information). Patients with a current or past diagnosis of a
psychotic disorder, bipolar disorder, substance dependence dis-
order, acute or unstable medical disorder or intellectual disabil-
ity were excluded, as were those who had received treatment
with psychoactive or antidepressant medication in the last
4 weeks. Of the 62 participants who completed the full neuroi-
maging protocol, seven were subsequently excluded due to ex-
cessive head movement during scanning (see below); one other
due to an incidental MRI finding; and another due to a technical
problem during scanning.

Healthy control participants were recruited from the com-
munity and had no current or past diagnosis of a psychiatric or
neurological disorder, and were not taking psychoactive medi-
cation. Control participants represent a subsample of a larger
group included in our previous study of emotion regulation
(Stephanou et al., 2016). Controls were selected to match pa-
tients on the variables of age, gender, years of education and
estimated IQ. The final sample was composed of 53 depressed
patients (Mage¼ 19.7, s.d.¼ 2.7, range¼ 15–25 years; 31 females)
and 64 healthy controls (Mage¼ 19.0, s.d.¼ 2.4, range¼ 15–25
years; 40 females), all with normal or corrected-to-normal vi-
sion. All participants (and their parents if< 18 years of age) pro-
vided written informed consent to complete this study, which
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was approved by the Melbourne Health Human Research Ethics
Committee.

Experimental task

Our block-design cognitive reappraisal task (Stephanou et al.,
2016) consisted of three experimental conditions: one contain-
ing neutral imagery (‘look-neutral’) and two containing negative
imagery (‘look-negative’ and ‘reappraise’)—with each condition
presented in eight blocks. Each block consisted of four consecu-
tive image presentations (each 6 s) and at the beginning of each
block, a word appeared for 2 s instructing participants to either
‘look’ or ‘reappraise.’ If the instruction was to ‘look,’ participants
were required to attend to images of neutral or negative content
without trying to alter their emotions in any way. If the instruc-
tion was to ‘reappraise,’ participants were instructed to use
reappraisal strategies (see below) to attenuate their emotional
response to the negative images. A total of 64 negative and 32
neutral pictures were presented. Characteristics of our picture
stimuli have been reported previously (Stephanou et al., 2016):
briefly, images depicted complex social scenes and were taken
from the International Affective Picture System (IAPS) database
(Lang et al., 2008), the Empathy Picture System (EPS) database
(Geday et al., 2003) and online sources. At the end of each block
the question ‘How bad do you feel?’ appeared on screen to
which participants responded by pressing 1–4 on a button box
with their dominant hand (1¼not at all bad; 4¼very bad). This
was followed by a rest period in which participants viewed a fix-
ation cross (10 s). The task was presented with Paradigm soft-
ware (http://www.paradigmexperiments.com) on an LCD screen
visible via a reverse mirror mounted to the participants’ head
coil.

Participants received intensive training in reappraisal strat-
egies 30 min prior to their scan. During training, participants
demonstrated their ability to reappraise by narrating aloud their
re-interpretation of several example images (not appearing in
the experiment). In accordance with previous research, three
types of re-interpretations were emphasized: (i) it is not real
(e.g. it is just a scene from a movie); (ii) things will improve with
time (e.g. whatever is going wrong will resolve over time); (iii)
things are not as bad as they appear to be (e.g. the situation
looks worse than it is, it could be a lot worse) (McRae et al.,
2012). Once the participant’s narration indicated that they were
able use reappraisal strategies quickly and effectively (within
6 s), participants independently performed several practice
blocks that mimicked the task in preparation for the scan.

Following the scan a brief questionnaire was administered
to assess the perceived frequency with which participants used
the three reappraisal strategies, as well as their use of avoid-
ance strategies (i.e. looking away or closing their eyes), which
participants rated on a scale from 1 to 5 (1¼Never, to
5¼Always). With this data, we sought to determine whether
perceived use of the different reappraisal or avoidance strat-
egies was different in patients (as compared with controls) and
if any group differences were associated with activation effects
observed during fMRI.

Image acquisition and pre-processing

A 3T General Electric Signa Excite system equipped with an
eight-channel phased-array head coil was used in combination
with ASSET parallel imaging (Sunshine Hospital, Western
Health, Melbourne). The functional sequence consisted of a sin-
gle shot gradient recalled EPI sequence in the steady state (repe-
tition time, 2000 ms; echo time, 35 ms; and pulse angle, 90�) in a
23 cm field of view, with a 64� 64-pixel matrix and a slice thick-
ness of 3.5 mm (no gap). Thirty-six interleaved slices were
acquired parallel to the anterior–posterior commissure line
with a 20� anterior tilt to achieve more optimal coverage of ven-
tral pre-frontal cortical brain regions. The total sequence time
was 16 min, corresponding to 485 whole-brain echoplanar imag-
ing volumes and was acquired in a single run. The first four vol-
umes from each run were discarded to allow for T1
equilibration effects. Additionally, a T1-weighted high-reso-
lution anatomical image was also acquired for each participant
to assist with functional time-series co-registration using the
following 3D BRAVO sequence: 140 contiguous slices; repetition
time, 7900 ms; echo time, 3000 ms; flip angle, 13�; in a 25.6 cm
field of view, with a 256� 256 pixel matrix and a slice thickness
of 1 mm (no gap). To assist with noise reduction, all participants
used foam insert earplugs. To assist with head immobility,
foam-padding inserts were placed around the participants’
head inside the coil.

Imaging data were transferred and processed on a Linux
platform running MATLAB version 8.2 (The MathWorks Inc.,
Natick, MA, USA). Pre-processing was performed with Statistical
Parametric Mapping software (SPM8; Wellcome Trust Centre for
Neuroimaging, UK). Motion correction was performed by align-
ing each participant’s time series to the first image using least
squares minimization and a six-parameter (rigid body) spatial
transformation. Participants were excluded from the analysis if
their gradual or frame to frame movement in the translational
or rotational planes exceeded 2 mm or 2�, respectively.

Table 1. Clinical characteristics of depressed and healthy control participants

MDDa (n¼ 53) HCb (n¼64) Statistics P value two-tailed

Age (years) (S.D.)c 19.72 (2.68) 19.03 (2.45) t(115)¼ 1.43 0.16
Female, % (n) 58.5 (31) 62.5 (40) v2(1)¼ 0.19 0.66
Education, mean years (S.D.)c 12.15 (1.74) 12.79 (2.09) t(115)¼ 1.79 0.11
FSIQd, mean years (S.D.)c 105.06 (8.63) 107.65 (6.86) t(115)¼ 1.81 0.13
MADRSe score, mean (S.D.)c 32.80 (4.80) 2.14 (2.99) t(115)¼ 41.92 0.00**

aMDD, Major Depressive Disorder.
bHC, healthy controls.
cS.D., standard deviation.
dFSIQ, Full Scale Intelligence Quotient.
eMADRS, Montgomery–Åsberg Depression Rating Scale.

**P< 0.001.
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Realigned functional images were then co-registered to each
participant’s respective T1 anatomical scan. Using the unified
segmentation method, anatomical scans were segmented and
spatially normalized to the International Consortium for Brain
Mapping template, and the normalization parameters were
applied to the co-registered functional images, which were then
resliced to 2 mm isotropic resolution. Functional images were
smoothed with a 6 mm (full-width, half maximum) Gaussian
filter.

Behavioral analysis

Mean in-scanner negative affect ratings were derived for each
participant corresponding to the ‘look-negative,’ ‘look-neutral’
and ‘reappraise’ conditions. Emotional reactivity and re-
appraisal success scores were estimated for each participant by
computing simple differences between mean condition ratings
(i.e. look-negative> look-neutral for emotional reactivity, and
look-negative> reappraise for reappraisal success). We as-
sessed for group differences between patients and controls on
behavioral indices of emotional reactivity and reappraisal suc-
cess in Statistical Package for the Social Science version
20 (SPSS; Chicago, IL, USA). For our patient group, we assessed if
symptom severity (i.e. MADRS score) correlated with these be-
havioral indices. In addition, we assessed for age effects (linear
or quadratic) on reported emotional reactivity and reappraisal
success within participants and tested for age� group inter-
actions using multiple regression in SPSS. Finally, with respect
to our post-scan measure, we utilized t-tests in SPSS to examine
group differences in the perceived frequency with which partici-
pants used the various reappraisal or avoidance strategies,
with results corrected for multiple comparisons using the
Benjamini–Hochberg procedure (FDR, P< 0.05).

Imaging analysis

First-level (single-subject) SPM contrast images were estimated for
the following primary effects of interest: (i) look-negative> look-
neutral to identify brain regions associated with emotional
reactivity to aversive social-affective images; (ii) reappraise> look-
negative to identify brain regions activated during reappraisal of
aversive images and (iii) look-negative> reappraise to identify
brain regions that showed reduced activation (or were down-
regulated) by reappraisal. For these analyses, the BOLD response
at each voxel was convolved with a canonical hemodynamic re-
sponse function and its temporal derivative (using a 128 s high-
pass filter). In second-level analyses, for the main task effects,
within-group activation maps were estimated separately for pa-
tients and controls thresholded at PFDR< 0.05 (false-discovery rate
corrected for the whole-brain volume) with a minimum cluster
size extent (KE) of 10 contiguous voxels. To identify brain regions
that were significantly down-regulated by reappraisal, within-
group results corresponding to the look-negative> reappraise
contrast were inclusively masked to only include voxels that were
significantly activated by negative imagery (i.e. look-nega-
tive> look-neutral), PFDR< 0.05, whole-brain corrected.

Between-group differences between patients and controls
for the three primary contrasts of interest were assessed with
two-sample t-tests. To accurately interpret the direction of
between-group differences across the different contrasts, we
have used global conjunction masking to constrain these tests.
That is, for a given contrast (e.g. reappraise> look-negative), we
masked the between-group test by regions that were activated
to this contrast at the within-group level in one group and/or

the other (PFDR< 0.05, whole-brain corrected). Although within-
group activations for patients and controls were highly overlap-
ping, masking group differences using this global conjunction
method ensured that all regions activated by the task in either
group were assessed for potential group differences. This mask-
ing method also ensured that group differences identified for
the reappraise> look-negative contrast were only in regions
that were activated by reappraisal in either patients or controls
(i.e. we did not detect deactivation differences), and that group
differences for the look-negative> reappraise contrast were
only in regions that were down-regulated during reappraisal
(Contreras-Rodr�ıguez et al., 2014; Kerestes et al., 2015). Within
this activation mask, significant group differences were identi-
fied using a whole-brain uncorrected voxel threshold of
P< 0.001 with at least 10 contiguous voxels per cluster, which
allowed us to compare current results to studies from others
that have used comparable significance thresholds (Erk et al.,
2010; Fitzgerald et al., 2017; Rive et al., 2013) and which has been
recommended as producing a desirable balance between Type I
and Type II error rates (Lieberman and Cunningham, 2009). As
our a priori region of interest (ROI) was the amygdala, activation
in the amygdala was small-volume corrected for multiple com-
parisons (PFWE-SVC< 0.05) using a bilateral anatomically defined
mask derived from the SPM Anatomy toolbox (Version 2.0,
Eickhoff et al., 2005) that consisted of amygdala maximum prob-
ability maps recommended by Eickhoff et al. (2006).

The relationship between brain activation and variables of
interest—age, reappraisal success and symptom severity
(i.e. MADRS score for the patient group)—was assessed at the
whole-brain level, by repeating the above group level analyses
with these variables specified as covariates of interest. We
examined the effect of covariates only within regions identified
in the former analyses as significantly activated or down-
regulated during reappraisal. For example, to identify the influ-
ence of age and age� group effects on brain activation
associated with the reappraise > look-negative contrast, we in-
clusively masked age-effects by the estimated reappraise > look-
negative main effect (as determined above). For reappraisal
success, we sought to assess if our behavioral measure of regu-
lation success would account for any group differences in
reappraisal-related brain activation observed. Lastly, we sought
to assess if depression symptom severity (i.e. MADRS score)
influenced reappraisal-related brain activation within our pa-
tient group. These covariates were entered as regressors in the
corresponding second-level analysis, voxel thresholded at
P< 0.001 uncorrected (KE� 10). As in the between-group ana-
lysis, associations with amygdala activation were corrected for
multiple comparisons (PFWE-SVC< 0.05) and where significant ef-
fects were found, mean beta values from the clusters were ex-
tracted (using the first eigenvariate) to generate scatterplots for
visual inspection in SPSS, in order to clarify effects within our
sample (i.e. patients and controls).

Results
Behavioral analysis

Within groups, both patients and controls reported significantly
greater negative affect to negative vs neutral stimuli; (i.e. pa-
tients, MDIFF¼ 1.60 (s.d.¼ 0.80), t52¼ 14.44, P< 0.001; controls,
MDIFF¼ 1.82 (s.d.¼ 0.66), t63¼ 22.02, P< 0.001). Reduced negative
affect during reappraisal (vs look-negative trials)—an index of
reappraisal success—was also significant for both patients
(MDIFF¼ 0.43 (s.d.¼ 0.44), t52¼ 6.89, P< 0.001), and controls
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(MDIFF¼ 0.82 (s.d.¼ 0.59), t63¼ 11.06, P< 0.001). There was no sig-
nificant difference in the magnitude of emotional reactivity to
aversive stimuli between patients and controls (F1, 115¼ 2.59,
P¼ 0.110). There was, however, a significant difference between
the groups in terms of reappraisal success: reappraisal was
associated with greater reductions in negative affect in controls
relative to patients (F1, 115¼ 15.20, P< 0.001; Supplementary
Figure S1). Further, within the patient group symptom severity
(i.e. MADRS score) was inversely associated with reappraisal
success (F1, 51¼ 6.93, P¼ 0.011, R2¼ 0.13), but was not associated
with emotional reactivity. There were no significant age effects
(linear or quadratic) on reported emotional reactivity or re-
appraisal success within participants, nor were there any
age� group interactions. Finally, there were no significant dif-
ferences between the groups in reported use of reappraisal and
avoidance strategies as assessed by our post-scan measure.

Imaging results

In response to negative imagery (look-negative > look-neutral),
both groups showed significant activation bilaterally across a
large expanse of visual association cortex, including the fusiform
gyrus and lateral occipital cortex; the intraparietal sulcus and pri-
mary somatosensory cortex; the hippocampus–amygdala com-
plex, dorsal midbrain, medial thalamus, caudate (head) and
ventral anterior insula; and the ventrolateral pre-frontal cortex,
lateral pre-motor cortex, pre-supplementary motor cortex and
dorsomedial pre-frontal cortex (at PFDR< 0.05, whole-brain cor-
rected; see Supplementary Table S1 and Supplementary Figure
S2). Between-group analysis identified significantly reduced acti-
vation in patients, as compared with controls, bilaterally in the
anterior temporal cortex, extending to the right-sided anterior
insula, putamen and pallidum; the right-sided ventrolateral
and dorsolateral pre-frontal cortex; and the bilateral orbitofrontal
cortex (P< 0.001, uncorrected, KE� 10; see Supplementary Table
S2 and Supplementary Figure S2).

During cognitive reappraisal (reappraise > look-negative),
both groups exhibited significant activation in pre-dominately
left-lateralized regions including the pre-supplementary motor
area (which in the control group extended to the dorsal anterior
cingulate cortex and dorsomedial frontal cortex); the dorsolat-
eral pre-frontal cortex, and ventrolateral pre-frontal cortex, ex-
tending to the ventral anterior insula and caudate body; and
bilaterally in the angular gyrus, posterior superior temporal
gyrus and fusiform gyrus (PFDR< 0.05, whole-brain corrected; see
Supplementary Table S3 and Figure 1). Compared with controls,
patients showed significantly greater activation in the bilateral
medial and lateral regions of the anterior pre-frontal cortex ex-
tending to the right ventromedial pre-frontal cortex (vmPFC);
the left fusiform gyrus extending to the parahippocampal gyrus;
and in left cerebellar-pontine regions (P< 0.001, uncorrected,
KE� 10). In addition, patients showed significantly weaker acti-
vation in the left pre-supplementary motor area (P< 0.001, un-
corrected, KE� 10; Table 2 and Figure 1).

Examination of the look-negative > reappraise contrast re-
vealed that reappraisal led to significant reductions in activa-
tion (i.e. down-regulation) of brain regions previously identified
to be responsive to the negative imagery. This included the left
primary somatosensory cortex in both controls and patients.
In controls, additional down-regulation was observed in the left
primary somatosensory cortex (area 1, 2 and 3b) and bilateral
supramarginal gyrus; the right putamen, extending to the right
dorsal amygdala, ventral pallidum and posterior insula; and the
right ventrolateral pre-frontal cortex (PFDR< 0.05, whole-brain

corrected; see Supplementary Table S4). Analysis of group dif-
ferences indicated that down-regulation of the right amygdala
was significantly reduced in patients, as compared with con-
trols (PFWE-SVC< 0.05; Table 2 and Figure 2).

No significant age effects were observed for the re-
appraise > look-negative contrast in a whole-brain analysis. For
the look-negative > reappraise contrast, we observed a signifi-
cant positive effect of age on down-regulation of the right amyg-
dala ROI (PFWE-SVC< 0.05, peak Z¼ 3.56, [x, y, z]¼ [18, 0, �20];
KE¼ 19 voxels; see Figure 3). When examining the groups separ-
ately, we observed that this association between age and amyg-
dala activation was significant in controls (PFWE-SVC< 0.05, peak
Z¼ 4.11; KE¼ 32 voxels), but not patients (PFWE-SVC> 0.05).
However, the age� group interaction for the amygdala failed to
reach significance. There was no significant effect of reappraisal
success on observed group differences in reappraisal-related ac-
tivation, nor was there any association between depression
symptom severity and reappraisal-related activation within our
patient group.

Discussion

The results of this study suggest that the use of cognitive re-
appraisal to reduce negative affect is impaired in young people
with depression, reflected by reduced down-regulation of amyg-
dala responses to aversive images. The absence of age-related
changes in amygdala modulation in depressed youth also sug-
gests a likely impact of the disorder on the maturation of
subcortical systems involved in affect generation. When reap-
praising aversive imagery, depressed participants instead dem-
onstrated greater engagement of the vmPFC. Activation in this
region, which has previously been implicated in elaboration of
context and self-relevance during reappraisal, may help explain
how the process of putting a ‘positive spin’ on negative affective
stimuli may be altered in depressed youth as compared with
controls.

It has been hypothesized that in depression over-activation
of subcortical systems linked to affect generation may both pre-
cede, and over time give rise to, the dysregulation of dorsal pre-
frontal systems that facilitate the cognitive regulation of
emotion (Ressler and Mayberg, 2007; Drevets et al., 2008).
Specifically, disturbed function of the amygdala—which is
broadly implicated in the processing of affective salience—is
thought to be centrally involved (Anderson and Phelps, 2001;
Siegle et al., 2002; Drevets, 2003; Barrett et al., 2007; Davey et al.,
2011; Mingtian et al., 2012). Several studies in adult populations
have reported a failure of depressed participants to down-
regulate amygdala responses during cognitive reappraisal
(Beauregard et al., 2006; Erk et al., 2010; Greening et al., 2014).
Ours is the first study to confirm this pattern of findings in
younger depressed participants, and our findings also suggest
that depression may interfere with the normative maturation of
subcortical affective systems (Guyer et al., 2008; Dahl and
Gunnar, 2009).

Patients’ difficulties in regulating negative affect during re-
appraisal were accompanied by a heightened activation of the an-
terior vmPFC. Dysfunction of this region has been broadly
emphasized in contemporary neural systems models of mood dis-
orders, including major depression (Price and Drevets, 2010; Farb
et al., 2011; Lemogne et al., 2012; Myers-Schulz and Koenigs, 2012).
One recent perspective, consistent with these models, is that the
vmPFC may specifically contribute to the higher-level computa-
tion of ‘affective meaning’: specifying it as the integrative hub of a
large scale pre-frontal–subcortical system mediating adaptive
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emotional responses (Urry et al., 2006; Roy et al., 2012; Motzkin
et al., 2015). In this capacity, vmPFC function may be specialized
for integrating conceptual information—regarding the self, others
and contextual knowledge—with affective sensory cues in order
to facilitate adaptive regulation of emotion (Price, 2007; Ochsner et
al., 2012; D’Argembeau, 2013; Viviani, 2014).

Applying this model to our current findings, one possibility
is that depressed participants become differentially engaged in
processes of reconceptualizing the meaning of aversive stimuli
in order to more positively reframe their immediate reactions
and feelings towards them. In other words, depressed partici-
pants may become engaged in the internalized process of

Fig. 1. (A) Patterns of significant within-group activation associated with reappraisal (reappraise> look-negative) in healthy control and depressed participants.

(B) Between-group activation differences associated with reappraisal.
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meaning generation—including evaluation of the context or
self-relevance of a stimulus—at the expense of stimulus-
focused processing needed for effective reappraisal (Mathews
et al., 1996; Sheline et al., 2010; Diekhof et al., 2011; Roy et al.,
2012). Because the vmPFC has been specifically linked to posi-
tively vs negatively valanced affective processing (Lindquist
et al., 2016), one interpretation is that hyper-activation observed
in depressed participants represents abnormal processing asso-
ciated with generating more positive—or alternatively stated,
less negative—appraisals of negative imagery in particular.
Depressed participants also demonstrated reduced activation of
dorsal midline cortex, which in the context of other reappraisal
studies, has been shown to mediate the influence of lateral pre-
frontal cortex on reappraisal success (Wager et al., 2008), and
thus seems to play an intermediary role in engaging broader

cognitive control systems (Lau et al., 2004; Wager et al., 2004;
Sumner et al., 2007; Pizzagalli, 2011). Taken together, depression
in young people therefore seems to be characterized by disturb-
ances in both ventral pre-frontal–subcortical ‘generative’ as
well as dorsal ‘regulatory’ systems that contribute to adaptive
emotional processing. Thus, the results of this study suggest
that dysregulation of pre-frontal–subcortical systems previously
observed in reappraisal studies of depressed adults may also be
evident in the early stages of the disorder (Kerestes et al., 2014;
Miller et al., 2015), although further studies will be needed to
confirm this observation.

This study has several limitations. With the exception of our
amygdala ROI, the reported group differences would not survive
formal statistical correction for multiple comparisons. As such,
these findings should be considered exploratory and need to be

Fig. 2. Significantly greater down-regulation of amygdala responses during re-

appraisal (look-negative> reappraise) in healthy control vs depressed

participants.

Table 2. Group differences in regions activated during reappraisal
(reappraise> look-negative) and down-regulated during reappraisal
(look-negative> reappraise)

Anatomy Stats

Xc Yc Zc KE Zd

Reap> Look-Neg (Patient>Control)a

Left cerebellum �14 �32 �30 149 3.98
Left anterior medial pre-frontal cortex �4 70 �8 204 3.78
Right anterior medial pre-frontal cortex 16 66 �6 3.16
Right ventral medial pre-frontal cortex 8 60 �8 3.14
Left fusiform gyrus �32 �6 �34 38 3.48
Left parahippocampal gyrus �32 �10 �28 3.14

Reap> Look-Neg (Control>Patient)a

Left pre-supplementary motor area �8 14 46 53 3.61
Look-Neg>Reap (Control>Patient)b

Right amygdala 22 �2 �14 11 3.37

aP<0.001 uncorrected, KE�10 voxels.
bPFWE<0.05 small-volume corrected, KE�10 voxels.
cAnatomical co-ordinates (x, y, z) are given in MNI space (mm).
dZ values represent peak activation for cluster.

Fig. 3. (Left) Across participants, age predicted greater down-regulation of right amygdala responses during reappraisal (look-negative> reappraise). (Right) The associ-

ation between age and right amygdala activity was significant in healthy control but not depressed participants.
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confirmed in subsequent studies, particularly those utilizing
voxel-wise correction and permutation methods (Eklund et al.,
2016). Further, while the reappraisal strategies incorporated in
our task were influenced by cognitive theory and psychotherapy
for depression (Teasdale and Barnard, 1993; Gotlib and
Joormann, 2010; Berking et al., 2013; Beck and Haigh, 2014), they
are nonetheless only an approximation of real-life regulatory
processes, which limits the generalization of these results.

Notwithstanding these limitations, it is important to acknow-
ledge that the uncorrected P value used within our study exceeded
a threshold (P< 0.001) that previously has been found to optimize
the trade-off between type I and type II error (Lieberman and
Cunningham, 2009), and group differences in our amygdala ROI
are consistent with those previously reported in prior adult MRI
studies (Greening et al., 2014). Further, as the largest study in a
young unmedicated help-seeking sample to date, our findings re-
garding the vmPFC and amygdala, if corroborated, may help to re-
fine therapeutic strategies aimed at improving emotion regulation
in youth with MDD. For example, targeted therapy approaches
that reduce focus on internally generated affective meaning and
encourage greater external awareness and reasoned reflection—
such as mindfulness-based cognitive therapy—may be particu-
larly beneficial for young people with depression (Teasdale et al.,
2000; Modinos et al., 2010; Troy et al., 2013). Whether cause or con-
sequence of depression, we propose that impaired ability to adap-
tively regulate emotions and ‘put a more positive spin’ on
negative events during adolescence and young adulthood is likely
to have adverse effects on long-term developmental trajectories
and should be an important target for future research.
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