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Emotion Suppression and Depression Severity in Adolescent
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Hipwell4, Kate Keenan®, and Amanda E. Guyerl:2

1Center for Mind and Brain, University of California, Davis
2Department of Human Ecology, University of California, Davis
SDepartment of Psychology, San Diego State University
4Department of Psychiatry, University of Pittsburgh

SDepartment of Psychiatry and Behavioral Neuroscience, University of Chicago

Abstract

The present study used cross-lagged panel analyses to test longitudinal associations among
emotion regulation, prefrontal cortex (PFC) function, and depression severity in adolescent girls.
The ventromedial and dorsomedial PFC (vmPFC; dmPFC) were regions of interest given their
roles in depression pathophysiology, self-referential processing, and emotion regulation. At ages
16 and 17, 78 girls completed a neuroimaging scan to assess changes in vmPFC and dmPFC
activation to sad faces, and measures of depressive symptom severity and emotion regulation. The
one-year cross-lagged effects of dmPFC activity at age 16 on expressive suppression at age 17 and
depressive symptomatology at age 17 were significant, demonstrating a predictive relation
between dmPFC activity and both suppression and depressive severity.

Depression onset progressively increases across adolescence into early adulthood, and
affects more adolescent girls than boys (Rohde, Beevers, Stice, & O’Neil, 2009). The
marked biological, cognitive, and social changes of adolescence, such as puberty and brain
maturation, are also linked to an uptick in negative emotionality, greater self- and other-
awareness, and heightened focus on social experiences (Guyer, Silk, & Nelson, 2016).
Etiological theories of depression propose that maladaptive aspects of emotional expression
and regulation lead to depression in youths (Hyde, Mezulis, & Abramson, 2008; Kovacs,
Joormann, & Gotlib, 2008). Neurodevelopmental models of adolescent depression further
posit that the prefrontal cortex (PFC), which is implicated in depression pathophysiology
and undergoes significant development in adolescence, plays a role in depression because of
how medial regions of the PFC come to process and represent social-emotional information
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with maturation (Davey, Yucel, & Allen, 2008; Kilford, Garrett, & Blakemore, 2016).
Guided by these models of depression, the present study examined longitudinal and joint
contributions of emotion regulation strategies and medial PFC (mPFC) function in a social-
emotional context to the development of depression in adolescent girls. Taking a
longitudinal, multi-level approach in this way may help inform developmental theories of
depression by accounting for both brain and behavior over time during a period in
development when girls are vulnerable to depression onset.

Past work indicates that depressed vs. non-depressed adolescents draw on a more limited
repertoire of emotion regulation strategies, use less effective strategies, and are less likely to
trust their ability to use their strategies effectively (Garber, Braafladt, & Weiss, 1995, Yap,
Allen, & Sheeber, 2007). The development and course of depression in adolescents has been
associated further with less frequent use of cognitive reappraisal and increased use of
expressive suppression (Hughes, Gullone, & Watson, 2011; Larsen et al., 2012), two widely
studied types of strategies. Cognitive reappraisal is an antecedent-focused emotion
regulation strategy by which an individual tries to cognitively re-evaluate the meaning of an
emotional stimulus (Gross, 1998). Expressive suppression, on the other hand, is a response-
focused strategy used after a situation has elicited an emotional response to hide overt
expressions of affect, but also requires an element of cognitive control (Gross, 1998).

Developmental studies indicate that adolescents use reappraisal significantly less frequently
when compared to adults (Garnefski, Legerstee, Kraaij, Van Den Kommer, & Teerds, 2002),
although the frequency of reappraisal use shows no difference across adolescence (Gullone,
Hughes, King, & Tonge, 2010). Variability in age-related changes have been found in
expressive suppression, however. While no changes have been found during early
adolescence (Sullivan, Helms, Kliewer, & Goodman, 2010), decreased expressive
suppression usage has been reported for girls during mid-adolescence (Gullone et al., 2010)
and increased expressive suppression usage for sadness has been found in youth during
middle versus early and late adolescence (Zeman & Shipman, 1997). Furthermore, the use of
emotion regulation strategies across adolescence may vary by the type of emotion
experienced (Silk, Steinberg, & Morris, 2003). For example, age differences in expressive
suppression usage were found for feelings of sadness and fear, but not anger (Zimmermann
& lwanski, 2014). The same study also reported considerable fluctuations in expressive
suppression usage for sadness across adolescence and early adulthood, highlighting the
transient nature of emotion regulation in adolescence and its potential varying influence on
vulnerability for depression during this period.

One possible pathway linking difficulties in emotion regulation and depression is through
increased experiences of negative affect, such as sad feelings, that may ultimately lead to
depression. Poor or inefficient emotion regulation has been associated with excessive,
inappropriate, or insufficient emotional responses (Aldao, Nolen-Hoeksema, & Schweizer,
2010; Etkin, Buchel, & Gross, 2015). Research in adults has shown that those who
habitually seek to hide their emotions experience less positive affect (Gross & John, 2003),
increased sympathetic nervous system activation (Campbell-Sills, Barlow, Brown, &
Hofmann, 2006b), poorer memory performance (Hayes et al., 2010), disruptions in social
relationships (Gross & John, 2003), and greater intensity and duration of negative emotions
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(Campbell-Sills, Barlow, Brown, & Hofmann, 2006a), all indicators of depression.
Establishing whether specific emotion regulation strategies are simply symptoms of
depression, a consequence of previously experienced depression or, alternatively, whether
some strategies are risk factors that precede the onset of depression is necessary for
determining precursors and trajectories of adolescent depression to inform intervention
efforts. While evidence suggests that less reappraisal and more suppression are both
associated with concurrent symptoms of depression in youth (e.g. Joormann & Gotlib,
2010), at least one study has shown that depression preceded increased use of suppression in
adolescence (Larsen et al., 2012). Due to excessive negative affect or focus on negative
information during a major depressive episode, individuals may rely more frequently on
suppression as a strategy; or, are less able to recruit a reappraisal strategy. Equally so,
individuals with major depressive disorder (MDD) tend to process information more
negatively, leading to greater occurrence and intensity of negative mood and affect and in
turn to less efficient emotion regulation strategies (Beck, 2008).

Emotion regulation may also confer risk for later depression through an increase in self-
focus. Self-focus is multifaceted and includes the process by which one engages in self-
referential processing, i.e., the appraisal of stimuli as strongly related to one’s own person
(Northoff et al., 2006). Excessive self-focus may manifest in increased rumination, self-
blame, negative emotional bias, and sense of failure in youth, and disrupts active
engagement with the environment (Miller, 2007), thereby reducing attention to exogenous
stimuli and diminishing cognitive control. This mechanism aligns with cognitive theories of
depression that implicate negative cognitive schemas in biasing social-affective information
processing (Beck, 2008). Children and adolescents with depression perform worse on
executive function and attention tasks, particularly in the context of negatively valanced
stimuli such as sad facial affect (Jacobs, Reinecke, Gollan, & Kane, 2008; Vilgis, Silk, &
Vance, 2015). Memory for negative emotional stimuli is also affected; early adolescent girls
with higher levels of depression are less accurate at recognizing sad faces (Guyer, Choate,
Grimm, Pine, & Keenan, 2011) and show over-general autobiographical memory biases
(Hipwell, Sapotichne, Klostermann, Battista, & Keenan, 2011).

Given that brain maturation continues and self-focus is heightened during adolescence,
vulnerability to depression may relate to underlying neural mechanisms of self-focus. Yet,
little is known about how these neural mechanisms relate to emotion dysregulation and
depression in adolescents, particularly from a developmental perspective. To probe
underlying neural mechanisms of the social-cognitive divergence of depression, emotional
faces tasks paired with functional magnetic resonance imaging (fMRI) have been used
widely and reliably (e.g. Stuhrmann, Suslow, & Dannlowski, 2011). The present study
aimed to elicit neural response during self-focus by having adolescents explicitly assess their
own state of sadness when viewing others depicting sadness. This self-referential process
entails mentalizing about another’s emotional state and reflecting on one’s own internal state
(Immordino-Yang, 2011). Three brain regions are predominantly involved in the processing
of self-referential material: the dorsomedial PFC (dmPFC), ventromedial PFC (vmPFC), and
posterior cingulate cortex comprising the default mode network (Northoff et al., 2006). In
adults with MDD versus healthy controls, these medial regions show greater activation and
are less well suppressed by more lateral PFC regions during cognitive tasks including
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reappraisal (Sheline et al., 2009), suggesting greater self-focus disrupts effective cognitive
emotion regulation (Lemogne, Delaveau, Freton, Guionnet, & Fossati, 2012). This may be
particularly relevant in the face of negative information such as mood congruent sad stimuli.

The current investigation focused on the vmPFC and dmPFC as both regions are relevant in
the context of self-referential processing, emotion regulation, and depression. Several meta-
analyses identify the dmPFC as having a role in effective emotion regulation during both
suppression and reappraisal in adults (Buhle et al., 2014; Ochsner, Silvers, & Buhle, 2012).
The role of the dmPFC in emotion regulation has been speculated to include emotional
awareness and self-monitoring processes (Amodio & Frith, 2006). The dmPFC also reliably
activates during self-referential processing (Northoff et al., 2006) and is abnormally active in
adults with MDD, although both hyper- and hypo-activation have been observed (Lemogne
etal., 2011). The role of the vmPFC in emotion regulation is less obvious, but due to its
direct anatomical connections with the amygdala it is thought to control negative affect (Kim
& Whalen, 2009). Greater severity of depressed mood correlates with increased vmPFC
responses to negative emaotional faces in children (Killgore & Yurgelun-Todd, 2006) and
adolescents (Henderson et al., 2014). Although cross-sectional studies verify a correlation
between mPFC response and behavior, they cannot address associations among brain
function, behavior, and psychopathology over time.

To better understand how mPFC activity relates to emotion regulation and depression
spanning middle adolescence, a critical period marked by high risk for depression, the
current study measured mPFC responses while youth reflected on their feelings of sadness.
Identifying whether contributions from the brain or from behavior precede one or the other
may help to inform early detection of vulnerability for depression. The majority of
neurobiological theories of adolescent development suggest that asynchronous maturation of
the PFC and limbic areas may contribute to the increased vulnerability to psychopathology
in adolescence, but this view has been challenged by another theory suggesting development
of the PFC itself plays a critical role specifically in risk for depression (Davey et al., 2008).
The present study was guided by this latter neurobiological theory of depression as well as
by Beck’s cognitive theory of depression in adults, implicating PFC development and
negative cognitive schemas that bias social-affective information processing and less
efficient emotion regulation strategies in depression. We tested these propositions
longitudinally in adolescent girls by modelling the relations of within-person change among
mPFC function during self-focus, depression, and emotion regulation to depict the influence
of each construct on the other and on brain function when making a self-referential
judgment about sad faces. Sad facial expressions bias attention in youth at high risk for and
with current depression (Hankin, Gibb, Abela, & Flory, 2010), and using a similar task
design to the present one we have previously shown that behaviorally, higher depressive
symptoms predicted difficulties encoding sad and happy faces (Guyer et al., 2011).

Our main research questions were as follows: 1) Do less effective emotion regulation
strategies (more suppression; less reappraisal) lead to greater depression severity or vice
versa?; 2) Does mPFC activity during self-referential processing of sadness predict greater
depression or does depression predict subsequent mPFC activity?; and 3) Does mPFC
activity predict subsequent emotion regulation strategies or vice versa? For each question,
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we tested the unique effects of vmPFC and dmPFC activity given the roles these regions
play in self-focus, depression, and emotion regulation. We used a cross-lagged panel
analysis (CLPA), which is a method of examining one-way or reciprocal causal inference
between longitudinally changing variables. Using a CLPA, we examined the one-way causal
relations among depression severity, emotion regulation, and mPFC activity over time in
adolescent girls after controlling for initial levels of these three variables. We expected
mPFC activity during self-referential processing of sadness to relate to aspects of emotion
regulation and depression severity. We also tested the temporality of these associations to
assess what precedes the other, but without existing longitudinal work, we lacked a basis for
hypothesizing a specific direction of effects.

The Pittsburgh Girls Study — Emotions (PGS-E) sub-study is part of the larger longitudinal
Pittsburgh Girls Study (PGS; Keenan et al., 2010) in which 2450 girls and their caregivers
have been interviewed annually beginning between the ages of 5 and 8 years. Girls in the
PGS-E sub-study were recruited from the youngest sample of girls (age 8 years) in wave 4
of the PGS. All girls who screened high (upper quartile) by their own or caregiver report on
a measure of depression symptoms were targeted for enroliment as well as a
demographically matched comparison group (lower 75%). PGS-E participants (N=232) and
their mothers underwent five yearly assessments from ages 9 to 13 years. Starting at age 16
(T6), 232 girls were invited to participate in further annual assessments of depression and
fMRI scans; 194 girls participated with 146 completing the fMRI scan. FMRI data quality
criteria resulted in 120 participants whose data passed quality control at T6. At T7, 78
participants met quality control at both time points and comprise the final study sample (see
Supplementary Material for details on exclusions and attrition). Data were collected from
November 2011-April 2014. All participants and their parents provided written assent or
consent to take part in this study. 61% of participants identified as African American, 28%
identified as Caucasian and 11% as multi-racial; 37% of participants’ households received
public assistance when girls were age 9 and initially enrolled into PGS-E. All study
procedures were approved by the study site’s Institutional Review Board.

Emotion regulation—Participants completed the Emotion-Regulation Questionnaire
(ERQ; Gross & John, 2003) to measure the habitual use of two different emotion regulation
strategies: cognitive reappraisal and expressive suppression. The ERQ consists of 10 items
rated on a scale from 1 (strongly disagree) to 7 (strongly agree). An example item from the
cognitive reappraisal reads ‘When | want to feel less negative emotion, | change the way I’m
thinking about the situation’ and from the suppression scale: “When | am feeling negative
emotions, | make sure not to express them’. Cronbach’s alphas for the six-item reappraisal
scale were .84 (age 16) and .83 (age 17) and for the four-item suppression scale were .64
(age 16) and .67 (age 17), values consistent with past work (Gross & John, 2003; Gullone et
al., 2010).
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Depressive symptoms—The Adolescent Symptom Inventory - 4 (ASI-4; Gadow &
Sprafkin, 1999) was used to assess depressive symptoms according to the Diagnostic and
Statistical Manual of Mental Disorders 4th ed. (American Psychiatric Association, 1994).
Symptoms were scored on 4-point scales from 0 (never) to 3 (very often) for all items except
changes in appetite, sleep, and school functioning (scored .5 for no and 1.5 for yes). We used
both parent- and self-reports on total symptom severity scores at age 16 and age 17. Severity
scores measure the degree of behavioral deviance compared with a normative sample. The
ASI-4 shows adequate concurrent validity, sensitivity and specificity of depression severity
scores to clinicians’ diagnoses (Gadow & Sprafkin, 1999). Average internal consistency
coefficients were .73 (age 16) and .77 (age 17) for parent reports and .82 (age 16) and .88
(age 17) for self-reports.

Neural activity during self-referential processing—A face processing neuroimaging
task adapted from Guyer et al. (2011; 2008) was used to assess blood oxygenation level
dependent (BOLD) effects while girls’ reflected on their feelings of sadness to sad facial
stimuli. In this rapid, event-related design, participants viewed 12 sad, 12 angry, 12 happy,
and 12 neutral faces portrayed by 48 unique actors. While viewing each picture, participants
either judged “How sad does this face make you feel?” (self-referential judgment) or “How
wide is the nose?” (judgment of physical feature). Responses from 1=Not at allto 5= Very
much sowere recorded via a button box with five buttons, one per finger. The task had
participants reflect on their feelings of sadness rather than directly induce or regulate
feelings of sadness. While we expected variability in rated degree of sadness felt,
participants did report greater feelings of sadness to sad vs. other faces (Table S1,
Supplementary Material). Order of task conditions and facial expressions was randomized
across participants. The task had three runs of four 10-trial blocks.

MRI acquisition, preprocessing and registration

All MRI data were acquired with a 3.0 T Siemens (Erlangen, Germany) Tim Trio scanner.
The functional scan comprised 280 contiguous echo planar imaging whole-brain functional
volumes (repetition time [TR] = 2 s; echo time [TE] = 28 ms; flip angle = 90°, 39 slices,
matrix = 64 x 64; field of view [FOV] = 205 mm; acquisition voxel size = 3.2x3.2x3.1 mm).
A T1-weighted high-resolution anatomical image was acquired for co-registration and
normalization of functional images with the following parameters: TR =2.3's; TE =2.98
ms; flip angle = 9°; 160 slices; FOV = 256 mm; acquisition voxel size=1.0x1.0x1.2 mm.

Preprocessing and analysis of imaging data were conducted using Statistical Parametric
Mapping software (SPMB8; http://www.fil.ion.ucl.ac.uk/spm) and followed standard
processing procedures as previously published (Casement et al., 2014; Romens et al., 2015).
Functional images were slice time corrected to the middle volume in the time series,
spatially realigned to the first volume to correct for head motion, spatially normalized to
Montreal Neurological Institute (MNI) stereotaxic space using a 12-parameter affine model,
and smoothed using a 6 mm full-width half maximum Gaussian filter. Voxel-wise signal was
ratio-normalized to the whole brain global mean. The Artifact Detection Toolbox (ART;
http://www.nitrc.org/projects/artifact_detect/) was used to detect functional movement more
than three standard deviations from an individual’s mean, more than .5 mm translational,
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and more than .01 degrees of rotation scan-to-scan movement. Final analyses only included
data with head movement in less than 20% of volumes. Temporal censoring based on ART
output was used to remove motion artifacts. Second-level random effects models were used
to estimate neural response while viewing faces. For each participant, we calculated task
condition effects at each voxel with paired #tests to create our contrast of interest: making a
self-referential judgment while viewing a sad face versus making a judgment of a physical
feature of a sad face. Supplementary Material presents results of the whole-brain analysis for
this contrast (Table S3; Figure S1). To quantify dmPFC and vmPFC activity (Figure 1),
MARSbar was used to create two 5 mm radius spheres, centered on the MNI coordinates of
X=-6,y=27,z=42 (dmPFC) and x = -6,y = 42, z = 12 (vmPFC) adapted from Northoff
et al. (2006) and Lemogne et al. (2009), from which parameters for the contrast of interest
were extracted at T6 and T7.

Statistical analysis

Results

The present study utilized a cross-lagged structural equation model (Selig & Little, 2012) to
test the significance of the longitudinal relations between variables of interest from age 16
(T6) to age 17 (T7). Variables included emotion regulation (reappraisal and suppression),
depressive severity scores (separately from the mother and the child), and brain activation
during self-referential processing of sad facial affect in cortical midline regions (vmPFC and
dmPFC). In particular, the cross-lagged panel model simultaneously predicts variables at T7
using all variables from T6 (e.g., predicting brain activity, emotion regulation, and
depressive severity at T7 from brain activity, emotion regulation, and depressive severity at
T6). Figure 2 shows a conceptual depiction of the model. Eight different models were fitted
to the data, with each model examining measures of emotion regulation, depressive severity,
and brain activation. Each model contained autoregressive effects (e.g., predicting brain
activity at T7 from brain activity at T6; predicting emotion regulation at T7 from emotion
regulation at T6) and cross-lagged effects (e.g., predicting brain activity at T7 from emotion
regulation and depressive severity at T6; predicting emotion regulation at T7 from brain
activity and depressive severity at T6). The cross-lagged effects represent the focal tests of
the current hypotheses because they summarize the degree to which the T6 variables predict
the T7 variables while statistically controlling for the autoregressive effects. More
specifically, the cross-lagged effects directly estimate the unigue contribution of emotion
regulation at T6 to brain activity and depressive symptoms at T7, the unique contribution of
brain activity at T6 to emotion regulation and depressive symptoms at T7, and the unique
contribution of brain activity at T6 to emotion regulation and depressive symptoms at T7.
The model was fitted to the data using the lavaan package (Rosseel, 2012) within R (version
3.2.3; R Core Team, 2016). The ERQ was missing for one participant at T6 and four
participants at T7. Parent-reported depression scores were missing for two participants at T6
and T7. Missing data were handled using full information maximum likelihood in lavaan.

Table 1 shows means, standard deviations, and correlations for the two emotion regulation
subscales (expressive suppression and reappraisal), the two brain regions (vmPFC and
dmPFC), and depression severity ratings (parent- and self-report) at T6 and T7. Both
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emotion regulation and depressive severity scores correlated significantly and positively
from T6 to T7, indicating rank order stability among the variables across the measurement
occasions. Brain-derived measures showed positive relations from T6 to T7, but these were a
trend for vmPFC (p=0.05) and not significant for dAmPFC (p=0.12). T6 parent-reported
depressive severity was significantly and negatively associated with T7 reappraisal scores,
but this pattern was not significant for T6 self-reported depressive symptoms. In contrast,
self-reported depression correlated positively with concurrent vmPFC activity at T7 only. T6
dmPFC activity was positively associated with T7 suppression scores. Using paired sample
t-tests, both suppression ({72)=-2.35, p=.02) and self-reported depressive severity
(475)=2.47, p=.02) scores decreased significantly from T6 to T7. Parent-reported depressive
severity ({75)=-1.00, p=n.s) and reappraisal ({72)=.68, p=n.s.) scores did not change
significantly over time. DmPFC activity did not change significantly over time (477)=.20,
p=n.s.), but mean vmPFC activity decreased significantly from T6 to T7 ({77)=3.92, p=.
002).

Next, cross-lagged models were fitted to examine the longitudinal relations among all
variables of interest. The cross-lagged paths of interest (a — i, Figure 2) indicated the extent
to which emotion regulation, brain activity, and depression severity at T6 predicted scores on
the other measures at T7, above and beyond the autoregressive relations. Of the eight
models, two showed significant cross-lagged associations between T6 brain activity and T7
emotion regulation and depression (Figure 3). Specifically, T6 dmPFC activity positively
predicted T7 suppression scores and negatively predicted self-reported depression severity
over and above the influence of these variables at T6. T6 dmPFC activity was also
significantly negatively associated with T7 parent-reported depressive symptoms, despite
weak correlations between parent- and self-reported depression. Therefore, higher levels of
T6 dmPFC activity predicted greater emotional regulation (via suppression) and lower
depression severity (for both self- and parent-ratings) at T7, after statistically controlling for
T6 suppression and depression. Table 2 shows path estimates and significance levels of all
eight models tested. Concurrent variables were allowed to co-vary, depicted with double-
headed arrows (Figure 3). Supplementary Material shows concurrent path estimates and
significance levels for all T6 and T7 models (Table S2).

Behavioral ratings of the face stimuli collected during the scan were analyzed to test
differences in how participants perceived sadness in different expressions. Task performance
was similar at T6 and T7 with no significant differences in mean reaction time (ms) to sad
faces when making a self-referential judgement about feelings of sadness between (T6:
M=1513.02, SD=260.31) and (T7: M=1493.51, SD=325.07; {77)=0.61, p=n.s.) or when
making a judgment about the physical feature of the face (T6: M=1571.08, SD=210.67; T7:
M=1562.40, SD=219.27; 77)=0.36, p=n.s.). No significant differences in ratings between
T6 and T7 of the sad faces during the self-referential condition (T6: M=2.59, SD=1.08; T7:
M=2.65, SD=1.04; {77)=-0.55, p=n.s.) or during the nose-width rating condition (T6:
M=2.49, SD=.49; T7: M=2.53, SD=.59; {77)=-0.63, p=n.s.) were found. Sad faces on
average were rated as inducing greater feelings of sadness than were neutral, happy, and
angry faces at T6 and T7 indicating to some extent that sad facial affect was perceived as
making participants feel sadder than other types of emotions (Table S1, Supplementary
Material).
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Discussion

Theories have linked cognitive emotion regulation and depression (Beck, 2008) and
developmental changes in the PFC as a potential neurobiological risk marker for depression
(Davey et al., 2008). The PFC plays a regulatory role that controls major psychological
processes including regulation of emotion. While numerous studies have separately
established links between emotion regulation and depression, PFC function and depression
as well as PFC function and emotion regulation, few studies have examined how all three of
these constructs operate over time, and particularly during adolescence. In the current study,
we modeled these relations in a sample of girls over the period of one year to identify the
direction of the associations between 1) emotion regulation strategies and depression
severity, 2) mPFC activity and depression severity, 3) mPFC activity and emotion regulation
strategies from age 16 to 17 while controlling for baseline levels of these variables.

We found that dmPFC activity while making a self-referential judgment about feelings of
sadness to sad facial stimuli predicted depression severity ratings and expressive suppression
scores a year later, over and above the contributions of initial depression ratings and
suppression scores. More dmPFC activity was associated with both decreased parent- and
self-ratings of girls’ depression severity. In contrast, less dmPFC activity was associated
with reduced use of expressive suppression. The results were specific to the dmPFC and did
not apply to the vmPFC. Furthermore, dmPFC activity only predicted suppression but did
not predict reappraisal. Taken together, the results suggest that because heightened dmPFC
activity typically indicates more top-down control over responses to emotion cues, girls’
with more dmPFC activity may exert more cognitive control during self-referential
processing of sadness and this may buffer them from experiencing increased negative affect
over time. In contrast, less dMPFC activity signifies less cognitive control in this self-
referential context of processing sadness that may signify vulnerability to subsequent
increases in depressive severity.

The dmPFC activates in response to a diverse set of experiences (e.g. Walter et al., 2009).
Given the task we used, we favor two main explanations for the longitudinal associations of
dmPFC activity, depression severity, and suppression. The first possibility is that dmPFC
activity predicts depression by capturing an increase in symptom-relevant self-focus. The
second possibility is that the negative correlation between depression severity and dmPFC
activity reflects diminished top-down control of negative affect. With regard to the first
possibility, studies in adults with MDD find abnormal activity in dmPFC during self-
referential processing, although both hyper and hypoactivation has been observed (Lemogne
etal., 2012). Lemogne et al. (2012) speculated that increased dmPFC activity in adults with
MDD compared to healthy controls was most likely attributable to a methodological
difference related to use of a block task design; reduced activity was more common in tasks
that have participants switch from making a self-referential to a non-self-referential
judgment on a trial-by-trial basis. Our task used blocks of event-related trials to distinguish
between self-referential and other judgments; accordingly, we would have expected a
positive association between dmPFC and depression severity. One explanation for the
observed negative versus positive relation may be due to sample characteristics, as we
focused on a non-clinical sample of adolescents with elevated risk for depression rather than
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adults with a current diagnosis of MDD. Only one study to date has examined self-
referential processing in adolescents with MDD and found no activation differences in PFC
regions between clinical and control participants (Bradley et al., 2016). Although the
differences in task designs and sample characteristics could account for the observed
negative relation, we suggest instead that the dmPFC serves as a domain general control
region. In this context, diminished dmPFC activity at age 16 predicted greater depression
severity one year later, and may represent an inflection point mechanism of depression.

Viewing the dmPFC as a domain-general control region is also supported by the observed
positive association between dmPFC activity at age 16 and expressive suppression scores at
age 17, with more activity linked to greater self-reported expressive suppression scores. In
heathy adults, the dmPFC is engaged by monitoring regulation success and emotional
awareness (Amodio & Frith, 2006). It is also recruited during reappraisal and suppression,
and activates during uninstructed changes in affective experience (Silvers, Wager, Weber, &
Ochsner, 2015). Greater activation of dmPFC (and dIPFC) while responding to negative
stimuli corresponds to less negative affect in adults (Silvers, Shu, Hubbard, Weber, &
Ochsner, 2015), suggesting that less activity contributes to rising negative affect and thereby
potentially to increased risk for depression. Less dmPFC activity may also signify a reduced
ability to shift attention away from negative stimuli leading to unsuccessful prevention of
negative emotion entering and remaining in working memory (Joormann, 2010). Our
dmPFC ROI fell within the posterior dmPFC and likely overlaps with dorsal anterior
cingulate cortex (ACC) areas. This ROI converges with one of only a few regions identified
across the most common mental health disorders (Goodkind et al., 2015), highlighting its
role in domain general cognitive control processes compromised in various psychiatric
disorders. Our study adds to this observation by showing that diminished dmPFC activity
precedes subsequent difficulties in emotion regulation and indicates increased risk for
depression among adolescent girls.

Whereas dmPFC activity positively predicted expressive suppression one year later, this
relation was not observed for reappraisal. While suppression and reappraisal are
conceptually distinct, relatively little evidence demonstrates that these strategies rely on
different neural circuitry. Both activate top-down regions including ventrolateral,
dorsolateral, medial PFC and dorsal ACC, but differ in their efficacy at diminishing activity
in the insula and amygdala with reappraisal showing greater attenuation in these regions
compared to suppression (Goldin, McRae, Ramel, & Gross, 2008; Vanderhasselt, Baeken,
Van Schuerbeek, Luypaert, & De Raedt, 2013). One explanation for the lack of this
association is that our task was not specifically designed to probe effortful emotion
regulation. Effortful emotion regulation is viewed as the conscious modification of ongoing
emotional responses and much research has focused on the deliberate deployment of these
strategies, with the explicit goal to change one’s emotions (Ochsner et al., 2012). Viewing
sad facial stimuli while making a self-referential judgment likely requires a more implicit,
automatic form of emaotion regulation, if not a ‘tuning in’ to one’s current affective
experience. In addition, because facial affect was randomized throughout the task and
participants could not know which emotion would appear on any given trial, antecedent-
focused strategies such as reappraisal may not work or were not measureable in this context,
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whereas a response-focused strategy such as expressive suppression may be more
representative of activation elicited in this region by this task.

We also examined whether vmPFC activity would show meaningful associations with
depression severity and emotion regulation over one year. VmPFC did not predict
subsequent depression or emaotion regulation scores. However, self-reported depression
severity at age 17 correlated positively with concurrent vmPFC activity. This aligns with
findings from several neuroimaging studies showing elevated vmPFC activity at rest in
adults with current depression (Sheline et al., 2009) and during facial affect processing tasks
in adolescents and children (Henderson et al., 2014; Killgore & Yurgelun-Todd, 2006).
Some propose that elevated vmPFC activity reflects increased self-focus and relates to
rumination (Nejad, Fossati, & Lemogne, 2013). The role of the vmPFC in emotion
regulation is thought to be indirect; lateral PFC regions engage the vmPFC, which in turn
modifies activity in bottom-up structures such as the amygdala (Etkin et al., 2015; Ochsner
etal., 2012). The reciprocal link between the amygdala and vmPFC has positioned the
vmPFC as a control region of negative affect (e.g., fear, sadness) recruited by other more
domain general regions such as the dIPFC and dmPFC (Buhle et al., 2014).

Emotion regulation and depression severity were not associated in the current study
contrasting past work reporting an association between adolescent depression and
specifically suppression (Aldao et al., 2010). As highlighted by a meta-analysis, suppression
can reflect different forms of emotion regulation, namely suppression of overt emotion
expression (as captured by the ERQ expressive suppression scale) and of subjective
experience of the emotion (Webb, Miles, & Sheeran, 2012). The latter is considered
ineffective, whereas the former can be effective in social situations where it is often
necessary and perhaps deemed more mature to conceal one’s emotions. Most research on
expressive suppression and depression studied individuals with clinically diagnosed
depression or elevated symptoms (Aldao et al., 2010; Campbell-Sills et al., 2006a, 2006b;
Hughes et al., 2011) suggesting this link may not apply to non-clinical samples. Indeed, a
prospective study of a community sample of adolescents showed depressive symptoms
preceded the use of suppression and not vice versa (Larsen et al., 2012).

The present results suggest that heightened dmPFC activity in middle adolescence
contributes to a subsequent decrease in depressive symptom severity as well as increased use
of expressive suppression as a strategy for emotion regulation. Rather than either of these
two variables predicting activity, the brain-derived measure preceded subsequent behavior.
Together, this indicates that top-down dmPFC activity is crucial for the successful
development of cognitive control and emotion regulation. Skill building for adolescents to
strengthen this type of control may be beneficial to prevent subsequent vulnerability to
psychopathology and depression in particular. For example, an intervention using
mindfulness-based stress reduction techniques in individuals with social anxiety disorder
showed modulation of activity in several brain regions including one located in close
proximity to the dmPFC ROI used in the current study (Goldin, Ramel, & Gross, 2009). The
role of dmPFC as a predictor of subsequent vulnerability to psychopathology also aligns
with Davey et al. (2008)’s model suggesting that development of the PFC itself may pose
risk for subsequent depression.
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We examined the temporal effects of brain and behavioral risk markers implicated in the
pathway to depression in adolescent girls. This approach was used to help identify inflection
points in development that would increase understanding about whether contributions from
the brain or from behavior precede one or the other in the development of depression over
time. As in childhood, brain development in adolescence supports protracted maturation of
specific stage-dependent functions, such as the role of the PFC in cognitive control (Nelson,
Jarcho, & Guyer, 2016). The protracted nature of adolescent brain development, particularly
in the PFC, may elongate the window of time for potential vulnerabilities to impact
behavior. The current study provides evidence for neurodevelopmental specificity whereby
the dmPFC, but not vmPFC, contributes to changes in suppression of emational expression,
but not in cognitive reappraisal, and depression severity across 16 to 17 years of age, a
period of heightened risk for girls to develop depression. This informs our understanding
that, across this sensitive period, a region of the brain involved in domain general cognitive
control is contributing to the development of the depression and emotion dysregulation
phenotype.

Although the present study’s results showed general consistency with findings from the
adult depression and emotion regulation literature, some study limitations warrant attention.
One limitation is sample attrition. Recruitment of the full sample to complete the first
neuroimaging assessment was hampered (e.g., MRI contraindications, loss of contact) and
then followed by rigorous inclusion criteria (e.g., high quality MRI data at two time points).
Thus, the final sample established for longitudinal analyses may have reduced statistical
power and limits generalizability of the results. Nonetheless, analysis of two time points of
high quality fMRI data is still relatively unique in the field and enabled tests of new
hypotheses about within-person change in brain function and behavior. Second, associations
between T6 and T7 dmPFC and vmPFC activity were relatively weak suggesting low
stability over time in BOLD estimates elicited during the fMRI task. Thus, test-retest
reliability of the faces task requires further determination especially for use in longitudinal
analyses, as conducted for the first time in the current study. It is possible that activation in
these two regions reflects current state and corresponds less to individual trait
characteristics. Further, although habituation to task stimuli cannot be ruled out, the task was
designed to mitigate this possibility through an event-related design, inclusion of a jittered
inter-stimulus interval, and randomization of actor and emotion type pairings at each
assessment. Third, although half of full PGS-E sample was originally recruited for elevated
depression symptoms at age eight, rates of clinically diagnosed MDD in the current sample
were relatively low. At age 16, 4 of 78 girls (5%) scored in the clinical range for depression
(MDD n=2, minor depression n=2); at age 17, this held for 6 girls (8%; MDD n=1, minor
depression n=5). Mean self-reported depressive symptoms also decreased significantly over
time. Thus, although the two mPFC ROIs and depression severity were associated, the
present results may not transfer to clinical populations or relate to MDD onset. Finally,
because we used only two time points, lagged relations among variables may arise from a
trend, within individual fluctuation around a trend, or both. At least three waves of data are
needed to separate these potential sources of influence (Hamaker, Kuiper, & Grasman,
2015). Future studies should include more than two time points to understand better the
relations observed here that refer to trends or fluctuations. Corrections for multiple
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comparisons are not commonly implemented within cross-lagged panel models, nor
structural equation models more generally. Hence, the analyses in the current paper did not
include an extra correction for Type | errors (as is common for other analyses; e.g. ANOVA).
Future research should consider a similar set of models with a larger sample size to confirm
(i.e., replicate) the results of the current study.

Results from the current study also highlight avenues for future research. First, although we
selected these ROIs for their functional roles based on existing literature, each ROl unlikely
constitutes a single unitary functional or structural region. Future work should more
precisely quantify subregions within the prefrontal cortical midline and examine functional
connectivity between mPFC ROIs and subcortical structures including the amygdala and
insula to better understand the interplay between bottom-up and top-down regions. Second,
future studies should examine whether neural probes of explicit emotion regulation using
different fMRI tasks generate similar findings to speak to these processes when the brain is
actively engaged in regulating emotions versus self-referential processing of emotion.
Finally, other influences such as environmental stressors likely contribute to the complex
associations between brain activity, depression, and emotion regulation; thus, future studies
should account for contributions from a range of several different systems such as endocrine,
parasympathetic and social systems that are highly relevant to the development of depression
in adolescence.

Taken together, the current study showed that activity in dmPFC while making a self-
referential judgement to sad faces at age 16 predicted increased self-reported depression
severity and expressive suppression at age 17. The finding was replicated when examining
parent-reported depression separately. The results highlight the likely role of the dmPFC in
top-down control mechanisms, which increase vulnerability to psychopathology over time if
control is low. DmPFC activity to social-affective cues may be an early precursor to
vulnerability for psychopathology.
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Figure 1.
Regions of Interest (ROISs): Ventromedial prefrontal cortex (vmPFC) displayed in pink and

dorsomedial prefrontal cortex (dmPFC) shown in blue. Both ROIs were created by drawing
a 5 mm sphere around MNI coordinates x = =6, y = 27, z = 42 for vmPFC and x = -6,y =
42,z =12 for dmPFC.
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Figure 2.

Cross-lagged panel path model to test relations among emotion regulation, depression
severity, and ventromedial prefrontal cortex (vmPFC) and dorsomedial prefrontal cortex

Time 6

PFC Activity
(dmPFC / vmPFC)

Time7

PFC Activity
(dmPFC / vmPFC)

Emotion Regulation
(Suppression /
Reappraisal)

Emotion Regulation
(Suppression /
Reappraisal)

Depression Severity
(Parent rating /
Self-rating)

Depression Severity
(Parent rating /
Self-rating)

(dmPFC) activity. Letters (a, b, c, ...) correspond to path estimates in Table 2.
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A)

Time 6

Time 7

dmPFC

dmPFC

| Depression severity
~ self-rating

*p<.05;** p<.OL;*** p<.001

Figure 3.

Depression Severity
self-rating

B)

Time 6

Page 20

Time 7

dmPFC

dmPFC

| Depression severity

parent rating

Depression Severity
parent rating

The two models showing significant paths from dmPFC activity at Time 6 (age 16) to

suppression scores and self-ratings of depression severity at Time 7 (age 17) (A) and from

dmPFC activity at Time 6 to suppression scores and parent ratings of depression severity at

Time 7 (B). Significant paths are shown in black; non-significant paths are shown in grey.
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