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Abstract

Research suggests that altered emotion processing may be one important pathway linking social
risk factors and depressive symptoms. We examined the extent to which neural response to
negatively valenced social information might help to account for the relationship between social
risk and depressive symptoms in youth. Forty-nine youth were scanned while identifying the
emotional valence of words that connoted social status. They also completed questionnaires
assessing self-reported social risk factors and depressive symptoms. Mediation analysis revealed
that reduced dorsolateral prefrontal cortex activity in response to negative social status words
explained the positive association between social risk and depressive symptoms. These findings
suggest that social risk factors present during adolescence may contribute to depressive symptoms
by influencing the neural substrates of emotion processing.

The transition into and across adolescence is characterized by significant changes in social

structure and relationships as youth spend more time with peers, increasingly value peer

affiliation, become more concerned with social status and position, and encounter greater
peer stressors (Dijkstra, Cillessen, & Borch, 2013; Hankin, Mermelstein, & Roesch, 2007;
Lam, McHale, & Crouter, 2012; Rubin, Bukowski, & Parker, 2006). These social changes
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coincide with increasing rates of depression. Depression rates begin to increase in early
adolescence, and continue to rise throughout adolescence (Costello, Mustillo, Erkanli,
Keeler, & Angold, 2003; Hankin et al., 2015). Interpersonal theories of depression
emphasize the role of social risk factors in the development and maintenance of depression
(Joiner & Coyne, 1999; Rudolph, Flynn, & Abaied, 2008). Specifically, these theories posit
that behaviors and characteristics of depressed and depression-prone individuals increase the
likelihood of experiencing social risk factors (Rudolph et al., 2008). Social risk, in turn, is
thought to contribute to increases in depressive symptoms (Rudolph et al., 2008).

Social risk factors may include exposure to negative social experiences or social-cognitive
vulnerabilities. This study focuses on two social risk factors that are developmentally salient
in adolescence: peer victimization, a type of social experience strongly associated with
increases in depressive symptoms (Hawker & Boulton, 2000; Sweeting, Young, West, &
Der, 2006), and fear of negative evaluation, a social-cognitive vulnerability linked to
internalizing problems, including anxiety and depression (Lipton, Weeks, & De Los Reyes,
2016; Nonterah et al., 2015; O’Connor, Berry, Weiss, & Gilbert, 2002; Weeks et al., 2005).
The construct of fear of negative evaluation plays a key role in motivating individuals to
expect and perceive criticism from others, and is similar to other depressogenic social-
cognitive styles characterized by sensitivity to social feedback and negatively biased
interpretations of social cues (e.g., rejection sensitivity, critical self-referential biases; Liu,
Kraines, Massing-Schaffer, & Alloy, 2014; Prinstein, Cheah, & Guyer, 2005). Thus, both
peer victimization and sensitivity to rejection/negative evaluation are well established key
factors associated with risk for depression. Furthermore, both peer problems and sensitivity
to rejection increase in adolescence, consistent with the other social changes that occur
during this developmental period (Hankin et al., 2007; Hazel, Oppenheimer, Technow,
Young, & Hankin, 2014; Marston, Hare, & Allen, 2010; Silk et al., 2014).

Interpersonal theorists have further speculated about potential processes through which
social risk factors may contribute to the etiology and maintenance of depression among
youth (Hammen, Rudolph, & Abaied, 2014). One potential pathway linking social risk
factors, such as peer victimization and fear of negative evaluation, to increased depressive
symptoms is altered emotion processing (i.e., heightened emotional reactivity to negative
information and/or alterations in the ability to modulate negative emotion; Repetti, Taylor, &
Seeman, 2002). This study is the first to examine whether altered neural activation in
affective salience and prefrontal regions involved in emotional information processing
accounts for the association between these social risk factors and depressive symptoms
among clinically depressed and nondepressed youth during the transition into and across
adolescence.

Emotion Processing as a Mechanism Linking Social Risk and Depressive

Symptoms

Theory and research on social risk in adolescence suggest that negative social experiences
and social-cognitive vulnerabilities, such as peer victimization and fear of negative
evaluation, may sensitize youth to negative social interactions, leading to more intense
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emotional responses to social information which then tax youth’s ability to effectively
regulate emotions (McLaughlin, Hatzenbuehler, & Hilt, 2009; Silvers et al., 2012; Troop-
Gordon, Rudolph, Sugimura, & Little, 2015). Previous findings suggest that both peer
victimization and fear of negative evaluation are associated with aberrant emotion
processing, heightened emotional distress (e.g., negative emotions and high arousal) and/or
emotion regulation difficulties (e.g., Herts, McLaughlin, & Hatzenbuehler, 2012;
McLaughlin et al., 2009; Rossignol, Campanella, Bissot, & Philippot, 2013; Schwarz,
Wieser, Gerdes, Muhlberger, & Pauli, 2013; Winton, Clark, & Edelmann, 1995). There is
also growing evidence that altered emotion processing, including increased emotional
reactivity and emotion regulation difficulties, is associated with internalizing and depressive
symptoms during the transition into and across adolescence (Charbonneau, Mezulis, &
Hyde, 2009; Garber, Braafladt, & Weiss, 1995; Hatzenbuehler, McLaughlin, & Nolen-
Hoeksema, 2008; Silk, Steinberg, & Morris, 2003; Yap, Schwartz, Byrne, Simmons, &
Allen, 2010). Finally, studies have shown that social risk (e.g., peer victimization) is
associated with increased depressive symptoms through self-reported emotional processing
problems among youth (Kochenderfer-Ladd, 2004; Koval & Kuppens, 2012; McLaughlin et
al., 2009). Taken together, research supports that altered emotion processing is a potential
mechanism linking social risk factors, such as peer victimization and fear of negative
evaluation, and depressive symptoms during the adolescent developmental period.

Neurobiological Factors Linking Social Risk With Depressive Symptoms

Given the accumulating behavioral evidence that social risk may be associated with
depressive symptoms through altered emotion processing, it is important to investigate
whether neurobiological factors associated with altered emotion processing may account for
the link between social risk factors and depressive symptoms. Brain structural and functional
changes continue throughout adolescence and into adulthood, suggesting that adolescence
encompasses a period of neural plasticity and mutability in neural systems (Crone & Dahl,
2012; Guyer, Silk, & Nelson, 2016; Ladouceur, 2012; Luna, Marek, Larsen, Tervo-
Clemmens, & Chahal, 2015). Consistent with this, research shows age-related changes in
emotion processing, such as increased affective responses to social information, and
suggests that affective functioning is more flexible and strongly influenced by contextual
factors in adolescence (Compas, Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001;
Guyer, Choate, Pine, & Nelson, 2012; Silk et al., 2014; Troop-Gordon et al., 2015). Thus,
social risk, such as peer victimization and fear of negative evaluation, may play a more
formative role in social-affective development by exerting influence on neural substrates of
emotional processing during adolescence, especially given increases in the significance of
social relationships and exposure to social stressors during this developmental period.
Altered neural functioning associated with maladaptive emotional processing may in turn
contribute to the emergence and chronicity of depressive symptoms among youth.

Additionally, the use of neurobiological measures of emotion processing addresses
limitations of previous research. First, prior studies examining associations among social
risk factors, emotion processing, and depressive symptoms typically rely on the exclusive
use of self-report measures, which can inflate associations among variables. Second, self-
report measures of emotion processing often confound multiple emotion processes,
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including initial emotion reactivity and cognitive aspects of emation processing (e.g.,
appraisal/evaluation and regulation), because they fail to capture the temporal dynamics of
emotion processing, which unfolds over time (Gross, Sheppes, & Urry, 2011).
Neurobiological measures allow us to explore the temporal dynamics of neural activation in
brain regions differentially associated with emotional reactivity and cognitive aspects of
emotion processing. Thus, research incorporating multiple methods at multiple levels of
analyses may enhance our understanding of how altered emotion processing may explain the
association between social risk factors and depressive symptoms.

Neuroimaging research has delineated the neural substrates underpinning emotion
processing, including emotional reactivity and cognitive processing of emotion. Specifically,
emotion processing (e.g., emotional reactivity) of negative information recruits affective
salience regions including the amygdala, insula, and anterior cingulate cortex (ACC) (e.qg.,
Lindquist, Satpute, Wager, Weber, & Barrett, 2016; Touroutoglou, Lindquist, Dickerson, &
Barrett, 2015). Adolescents display heightened amygdala, insula, and subgenual ACC
(sgACC) activity in response to negative (relative to neutral or positive) information such as
fearful faces, social exclusion, and maternal criticism (e.g., Hare et al., 2008; Lee, Siegle,
Dahl, Hooley, & Silk, 2015; Masten et al., 2009). Emotion processing is also often
associated with activation of prefrontal regions including dorsolateral prefrontal cortex
(DLPFC), ventrolateral prefrontal cortex (VLPFC), medial prefrontal cortex, and caudal
ACC (Buhle et al., 2014; Kober et al., 2008; Lee & Siegle, 2012; Phillips, Ladouceur, &
Drevets, 2008). These brain regions are known to be involved in various forms of cognitive
processing of emotion such as emotional evaluation or appraisal and emotion regulation.
Studies have demonstrated that adolescents show elevated activation in prefrontal regions
(e.g., DLPFC and VLPFC) during labeling of emotions using static adults’ faces (Telzer et
al., 2014) and dynamic peer faces (Flannery, Giuliani, Flournoy, & Pfeifer, 2017), and
during cognitive reappraisal (Belden, Luby, Pagliaccio, & Barch, 2014; McRae et al., 2012).

The Current Study

The current study investigates whether neural function subserving emotion processing could
help explain the link between social risk (i.e., peer victimization and fear of negative
evaluation) and depressive symptoms during the transition into and across adolescence. We
used social status words as our emotional stimuli because social information is particularly
salient during the adolescent developmental period. Given evidence that negative
information generates greater saliency and higher cognitive/regulatory demands than
positive information (Barrett, Gross, Christensen, & Benvenuto, 2001; Lee & Siegle, 2014),
we were particularly interested in examining whether altered emotion processing of negative
information (i.e., brain response to negative social status words compared with positive
social status words) was associated with social risk factors and depressive symptoms. We
employed a word valence identification (WVID) task that instructed participants to label
emotions associated with words. Previous studies have shown that emotion labeling tasks
engage both affective salience (e.g., amygdala) and prefrontal regions (e.g., VLPFC and
DLPFC) in adults (Burklund, Creswell, Irwin, & Lieberman, 2014; Lange et al., 2003;
Lieberman et al., 2007) and in adolescents (Flannery et al., 2017; Telzer et al., 2014).
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Emotion labeling tasks have also been used to explore the temporal course of physiological
responses (i.e., early pupillary reactivity during labeling of negative emotion) in youth (Silk
et al., 2007) and neural activation (i.e., sustained amygdala activation during labeling of
negative emotion) in depressed adults (Siegle, Steinhauer, Thase, Stenger, & Carter, 2002).
However, whether affective salience and prefrontal regions are activated at the same time or
different times during emotion labeling in youth still remains unclear. Theories and
empirical studies support the idea that emotion processing related to novelty and saliency
temporally precedes processes that require more effortful and controlled processing, such as
goal-related appraisal (Grandjean & Scherer, 2008; Scherer, 2001). Other research
investigating explicit emotion regulation has also shown differential neural involvement in
early emotion reactivity and subsequent cognitive processing of emotion (e.g., Eippert et al.,
2007). For example, the amygdala was activated by the initial emotion induction phase (i.e.,
presentation of threat stimuli), whereas prefrontal regions were activated during the
subsequent emotion regulation phase. Thus, we explored the time course of neural responses
in affective salience and prefrontal regions during emotion labeling.

We tested the following three hypotheses.

Hypothesis 1: Affective salience regions (e.g., amygdala, insula, sgACC) and
prefrontal regions (e.g., DLPFC and VLPFC) would show greater neural activity in
response to negative social status words compared to positive social status words, but
their peak activation would occur at different times. Specifically, we expected that
neural response to negative (vs. positive) social status words would occur earlier in
affective salience regions and later in prefrontal regions.

Hypothesis 2: Given that social risk and depressive symptoms are associated with
increased emotion reactivity and decreased cognitive processing of emotion (e.g.,
more emotion regulation difficulties; Charbonneau et al., 2009; McLaughlin et al.,
2009; Winton et al., 1995), we predicted that early activity in response to negative
social status words in affective salience regions would be positively associated with
self-reported social risk and self-reported depressive symptoms whereas late
prefrontal activity would be negatively associated with social risk and depressive
symptoms.

Hypothesis 3: Altered activation in affective salience regions and in prefrontal
cortical regions would account for the relationship between these social risk factors
and depressive symptoms.

METHOD

Participants

Fifty-eight youth spanning the transition into and across adolescence (42 female, aged 9-17
years [M=14.47, SD = 1.88]) were recruited from community advertisements, pediatric
offices, and existing research projects. Two participants were excluded due to poor task
performance (e.g., no responding and lower accuracy rate < 60%) and seven participants
were excluded due to excessive head movement (over 30% of scans with greater than £5 mm
and +5° movement from a reference image and +1 mm and +1° incremental (scan-to-scan)
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movement). Forty-nine participants (35 female, ages 9-17, M [SD] = 14.61 [1.85]) were
thus included for our final analysis. To increase variability in social risk factors, our study
included both healthy youth and youth diagnosed with major depressive disorder (MDD).
Twenty-nine participants were low-risk with no psychiatric history and 20 participants had a
current diagnosis of MDD based on DSM-1V (American Psychiatric Association, 1994)
criteria. MDD youth were included if they were on a stable dose of selective serotonin
reuptake inhibitor (SSRI) medication but still met criteria for MDD (N = 2). Participants
were excluded if they were taking psychoactive medications other than SSRIs or had metal
objects in their body. MDD youth were excluded if they had a current diagnosis of
obsessive—compulsive disorder, post-traumatic stress disorder, conduct disorder, substance
abuse or dependence and ADHD combined type or predominantly hyperactive—impulsive
type, or a lifetime diagnosis of bipolar disorder, psychotic depression, schizophrenia,
schizoaffective disorder, or a pervasive developmental disorder. Eleven youth with MDD had
a current diagnosis of one or more comorbid anxiety disorders, including panic disorder (N
= 2), specific phobia (N = 4), generalized anxiety disorder (N = 6), social phobia (V= 2),
separation anxiety disorder (V= 1), and agoraphobia (V= 1). One MDD youth had a
comorbid diagnosis of oppositional defiant disorder.

Procedure and Experimental Paradigm

Procedure—The parents provided informed consent and participants provided assent using
forms approved by the University of Pittsburgh Institutional Review Board. They then
completed two laboratory visits. During the first visit, each participant and his or her
parent(s) completed a structured diagnostic interview using the Schedule for Affective
Disorders and Schizophrenia in School-Age Children—Present and Lifetime version (K-
SADSPL; Kaufman et al., 1997). Parents and youth were interviewed separately, with
clinicians integrating data from both informants to arrive at a final diagnosis. All interviews
were carried out by trained BA- and MA-level clinicians. Fifteen percent of interviews were
double-coded and there were no diagnostic disagreements (xa= 1.0). Participants and their
parents completed a questionnaire to assess depressive symptoms. Participants also
completed questionnaires to assess self-reported social risk (i.e., peer victimization and fear
of negative evaluation) and emotion regulation. The fMRI assessment was completed during
their second visit (approximately 2 weeks later). They were asked to lie as still as possible
during the structural imaging acquisition and then to perform a WVID task during the
functional imaging acquisition. After the fMRI assessment, participants were asked to
complete a post-scan valence rating of each word, (“How emotional is this word for you?”)
on a 7-point scale ranging from 1 (very negative) to 7 (very positive). To confirm that the
social status words were considered relevant words to describe adolescent social status,
participants were also asked to answer two questions: (1) Is this a word that kids your age
would use to describe another kid they admire or look up to (high social status rating)? and
(2) Is this a word that kids your age would use to describe another kid they do NOT admire
or do NOT look up to (low social status rating)? The response was “yes” or “no”.
Participants were carefully debriefed following completion of the scan.

Experimental paradigm—~Participants were asked to complete a WVID task during
fMRI assessment. Participants were instructed to identify the emotional valence of social
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status words (13 positive social status [e.q., accepted, popular, liked, invited] and 13 negative
social status [e.qg., ignored, loser, disliked, unwanted]) and 13 neutral nonsocial words (e.g.,
table, pencil, paper, book) by pressing a corresponding button for each valence (positive,
negative, and neutral) using a Psychology Software Tools glove. Reaction time (RT) was
measured from the onset of the button press to the word stimulus. Stimuli were displayed in
black on a gray background via a back-projection screen (.88° visual angle) and presented
using E-prime 1.0 software (Psychology Software Tools, Pittsburgh, PA). The social status
words were generated by a focus group of six adolescents who were asked to generate a list
of words that could be used to describe a person who the adolescent admired or looked up to
(positive social status words) or a person they did not admire or look up to (negative social
status words). We selected social status words with multiple nominations across adolescents
that could be balanced with neutral words for word length and frequency of use in the
English language.

A slow event-related paradigm was used to allow examination of the time course of event-
related neural responses. Each trial began with a cue (a row of Xs) for 1,000 ms, followed by
presentation of the word for 5,000 ms, and followed by a mask (another row of Xs) for 5,690
ms. A 5,690 ms inter-trial interval was used to provide sufficient time for blood oxygen
level-dependent (BOLD) response to return the baseline between trials. The total trial
duration is <12 s to clearly show resolution of the hemodynamic response function. There
were 39 trials randomly presented with 26 social status words and 13 neutral words. Trials
with neutral words were included as fillers.

Self-Report Measures

Depressive symptoms—Child and parent report of depressive symptomatology were
obtained using the full version of the Mood and Feelings Questionnaire (MFQ; Angold,
Costello, Messer, & Pickles, 1995), which is a widely used self-report measure of children’s
and adolescents’ depressive symptoms, with excellent psychometric properties (Cronbach’s
a=.90). The MFQ includes 33 items (child version) and 34 items (parent version).
Participants rate how true each item is of them (child version) or their child (parent version)
over the past 2 weeks (0 = rnot true, 2 = true). Internal consistency of this scale in this study
sample was excellent (child version: a= .98, parent version: a=.95).

Social risk—Self-reports of peer victimization and fear of negative evaluation were
assessed using the Peer Relations Questionnaire (PRQ; Righy & Slee, 1993) and the Brief
Fear of Negative Evaluation Scale (Brief-FNE; Leary, 1983), respectively. The PRQ is a 20-
item scale that includes three subscales to assess peer relationships: bullying, victimization,
and prosocial behavior. We used the victimization subscale, consisting of five items (e.g., “I
get called names by others”). Participants rated on a scale ranging from 1 (never) to 5 (very
often) how true each item is of them. This scale demonstrated adequate reliability,
Cronbach’s a=.77-.83 (Rigby, 1998). Internal consistency of this subscale in this study
sample was excellent (a=.95).

The Brief-FNE includes 12 items consisting of statements regarding concerns and
apprehension about being negatively perceived and evaluated by others. Participants rated on
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a scale ranging from 1 (not at all) to 5 (extremely) how much they like each statement (e.g.,
“l am afraid that others will not like me™). This measure demonstrated strong reliability,
Cronbach’s a=.90-.97 (Collins, Westra, Dozois, & Stewart, 2005; Leary, 1983). This scale
had good internal consistency in this sample (a=.78).

Emotion regulation—Self-reports of emotion regulation were assessed using the
Children’s Emotion Management Scale (CEMS; Zeman, Shipman, & Penza-Clyve, 2001),
specifically sadness (12 items) and anger (11 items) emotion regulation strategies. The
CEMS is comprised of three subscales including inhibition, dysregulated expression, and
emotion regulation coping. We used the emotion regulation coping subscale, which is
assumed to measure adaptive emotion regulation, consisting of four items (anger: e.g.,
“when | am feeling mad, I control my temper”) and five items (sadness: e.g., “When | am
feeling sad, | can control my crying and carry on™). Participants responded to these items
using a 3-point Likert scale (1 = hardly ever, 2 = sometimes, 3 = often). This scale
demonstrated adequate psychometric properties, a=.60-.81 (Becker, Luebbe, & Joyce,
2015; Zeman et al., 2001). Internal consistency of this subscale in this study sample was
good (sadness: a= .77, anger: a=".71).

Imaging Acquisition and Preprocessing

Imaging acquisition—Images were acquired on a 3T Trio scanner (Siemens, Erlangen,
Germany). Thirty-two 3.2-mm slices were acquired parallel using a posterior-to-anterior
echo planar (EPI) pulse sequence (T2"-weighted imaged depicting BOLD signal; TR =
1,670 ms, TE = 29 ms, FOV = 205 mm, flip angle = 75). Each image was acquired in 1.67 s,
allowing 7 scans per 11.69 s trial (duration was determined by multiples of our TR, 1.67 s).
High-resolution T1-weighted MPRAGE images (1 mm, axial) were also collected for use in
cross-registration.

fMRI data preprocessing—fMRI analyses were conducted using locally developed
Neurolmaging Software (NIS) (Fissell et al., 2003) and Analysis of Functional
Neuroimaging (AFNI) software (Cox, 1996). Functional imaging data were corrected for
motion using 3dVolReg implemented in AFNI using the first image as a reference. Linear
and quadratic trends within runs were regressed out of fMRI time series to eliminate effects
of scanner drift, unrelated to brain activity using nis-correct from NIS. Data were temporally
smoothed using a 4-point Gaussian filter and converted to %-change based on the median of
all imaging data. Data were co-registered to the Colin-27 Montreal Neurological Institute
template using the Automated Image Registration package’s (Woods, Mazziotta, & Cherry,
1993) 32-parameter nonlinear automated warping algorithm and spatially smoothed using a
6 mm full width at half maximum (FWHM) filter.

Preliminary Statistical Analyses

fMRI data analysis: Whole-brain analysis to identify regions involved in
negative emotion processing—Model-free analysis was employed to account for
empirical variation in the shape of the hemodynamic response (e.g., early or sustained
activation) rather than relying on hemodynamic responses to have a canonical shape (e.g., as
we have done for similar designs in Siegle, Thompson, Carter, Steinhauer, and Thase
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(2007)). The long duration of each trial implemented in our slow event-related design
enabled us to use scan-within-trial (defined as a time factor) as a repeated measure,
eliminating the need for potential misleading event deconvolution. To identify brain regions
(functional regions of interest [ROIs]) specifically involved in emotion processing of
negative information compared to positive information, we conducted a random-effects
whole-brain voxel-wise analysis of variance (ANOVA) with participant as a random factor,
and valence (negative vs. positive) and time (seven scans spanning 11.69 s, the duration of
each trial) as fixed factors.

We did not compare the negative and neutral conditions at the neural level for several
reasons. First, literature suggests that neutral information can trigger brain activation
associated with uncertainty or ambiguity (Pfeifer et al., 2011), making it difficult to interpret
this contrast. Second, there is evidence that depressed individuals often show biased
responses to neutral (nonemotional) information (Douglas & Porter, 2010; Leppanen,
Milders, Bell, Terriere, & Hietanen, 2004), further making this contrast difficult to interpret.
Evidence, in fact, suggests that youth compared to adults are particularly likely to show
affective responses to neutral information (Silk et al., 2009; Thomas et al., 2001).

The functional map resulting from the voxel-wise whole-brain ANOVA was thresholded at
voxel-wise p < .005 and corrected for multiple comparisons using an empirically determined
minimum cluster size to achieve a brain-wise corrected p < .05, via AFNI’s 3dClustSim with
smoothing estimated via AFNI’s 3dFWHMYX, version 16.1.04 “acf” procedure. The recent
version of 3dClustSim responds to a recent methods critique (Eklund, Nichols, & Knutsson,
2016) by accounting for non-Gaussian autocorrelation in estimating smoothness of the data
and fixing a historical bug. Our cluster size was determined using 5,000 Monte Carlo
simulations, third-nearest neighbor (NN3) clustering, and one-sided thresholding. Both the
uncorrected voxel-wise p-value and contiguity threshold necessary to achieve a brain-wise
corrected p < .05 are reported below.

Testing temporal dynamics in functional ROIs identified from the whole-brain
analysis—To further examine temporal dynamics of brain activity, we extracted each
participant’s time courses from functional ROIs remaining significant after-correcting for
multiple comparisons. We explored specific temporal windows (e.g., sustained activity after
the onset of stimuli) showing significant valence differences in time series by comparing
time courses between valence at each time point (scan). To control Type | error, we used
Guthrie and Buchwald (1991)’s method to account for autocorrelation: Temporal windows
of time series were considered statistically significant, when two consecutive scans were
significant at p < .05. Thus, temporal windows with significant differences between two
conditions represented continuous series of time points that reliably differed in time courses.
We averaged activity (signal % change from baseline [the first scan of each trial] in the
negative condition to find negative trial-related responses) across these significant temporal
windows for each functional ROI and each participant. Then we used the averaged activity
for subsequent correlation and mediation analyses.

Correlation analysis: Correlations among variables—Before we tested our
mediation models, correlation analyses were conducted to explore the relationships between
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variables (self-reported measures of social risk and depressive symptoms and brain activity)
included in the mediation model.

Mediation Analysis

RESULTS

Neural response to negative information accounted for the relationship between social risk
and depressive symptoms. A mediation analysis using the PROCESS macro for SPSS
(Hayes, 2012) was conducted to test whether the association between social risk (i.e., self-
reported peer victimization and fear of negative evaluation) and depressive symptoms (child-
reported MFQ scores) was accounted for by activity (signal % change from baseline) in
functional ROIs identified from the whole-brain analysis. Using an indirect approach due to
our relatively small sample size, we performed a mediation analysis using bootstrapping
(i.e., 95% bias-corrected bootstrap confidence intervals [CI] for the indirect effects based on
10,000 bootstrap resamples) across the entire sample. Indirect effects were considered
statistically significant if the 95% bias-corrected CI did not include zero (Preacher & Hayes,
2008).

Manipulation Check

A repeated measures ANOVA on post-scan valence ratings revealed that there was a
significant main effect of valence, A1.43, 63) = 547.57, p< .001, sz =.93 with
Greenhouse-Geisser correction used for sphericity. Positive social status words were rated as
more positive (M =5.65, SD = 0.55) than neutral words (M= 4.04, SD = 0.44) and negative
social status words were rated as more negative (M= 2.11, SD = 0.51; lower ratings signify
greater negativity) than neutral words (M= 4.04, SD = 0.44). Chi-square tests showed that
social status words (both positive and negative) were more likely to be endorsed by
participants as words they would use to describe social status compared to neutral words
(high social status rating: Xz(l) = 664.68, p<.0001 and low social status rating: Xz(l) =
512.44, p< .0001).

Preliminary Results

fMRI results: Whole-brain analysis to identify regions involved in negative
emotion processing—As presented in Table 1, only two clusters including lateral
prefrontal (i.e., DLPFC) and parietal areas showed greater activation in response to negative
social status information compared to positive social status information. Consistent with our
hypothesis, the right DLPFC showed significantly elevated and sustained responses (6.68—
11.69 s) to negative social status words compared to positive social status words (Figure 1a).
Contrary to our hypothesis, none of the hypothesized affective salience regions showed
significant early activity in response to negative compared to positive social status words.
This result did not allow us to test further hypotheses regarding the affective salience
regions.

The averaged late DLPFC activity (6.68-11.69 s) in response to negative social information
was therefore used in our mediation model to test whether prefrontal activity accounted for
the relationship between social risk factors and depressive symptoms. Although we used
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functional ROIs’ activity for our mediation analysis, functional ROIs were identified by an
inherently independent analysis regardless of associations with self-reported measures, thus
allowing us to minimize the potential risk of “double dipping” (Kriegeskorte, Simmons,
Bellgowan, & Baker, 2009).

Secondary analysis: Brain activity associated with behavioral measures—To
more clearly understand the potential role of prefrontal regions in negative relative to
positive emotion processing, we conducted correlation analyses between late prefrontal
activity and RT, and between late prefrontal activity and emotion regulation coping scores.
We hypothesized that a significant positive correlation between late prefrontal activity and
slower RT to negative social status words would represent effortful cognitive/appraisal
processing and a significant positive correlation between late prefrontal activity and
regulation coping scores would represent greater emotion regulatory function in prefrontal
regions. We found that late DLPFC activity in response to negative social status words was
not significantly correlated with RT (r= .05, p=.76). Late DLPFC activity was significantly
correlated with anger emotion regulation coping, r= .30, p < .05 (see Figure 1b), but not
with sadness emotion regulation coping, 7= .09, p = 54. Adolescents who showed increased
DLPFC activity in response to negative social information reported higher scores in anger
emotion regulation coping.

Correlations among variables—There were significant correlations between variables
included in our mediation model (Table 2). Self-reported peer victimization and fear of
negative evaluation were positively correlated with depressive symptoms, respectively.
Consistent with our hypothesis, late activity in the DLPFC was significantly negatively
correlated with peer victimization, fear of negative evaluation, and depressive symptoms.
Chronological age and gender were not correlated with any variables (all ps >.10), so they
were not included in our mediation analysis.

Mediation Analysis

Neural response to negative information accounted for the relationship between social risk
and depressive symptoms. The mediation analysis revealed significant indirect effects of
peer victimization on depressive symptoms through late activity in the DLPFC, 0.48, SE =
0.41, 95% Bootstrap CI (0.03, 1.78) (Figure 2) and of fear of negative evaluation on
depressive symptoms through late activity in the DLPFC, 0.22, SE = 0.13, 95% Bootstrap ClI
(0.03, 0.58) (Figure 2). Reduced late DLPFC activity to negative social status words
accounted for significant amounts of variance in the relationship between peer victimization
and depressive symptoms, and between fear of negative evaluation and depressive
symptoms.

Sensitivity Analyses

Controlling for age—We tested whether our main findings remain significant after
controlling for age, although there were no significant associations between age and other
variables (self-report measures and brain activity). Our results remained significant after
controlling for age (indirect effects of peer victimization on depressive symptoms through
late DLPFC activity: 0.43, SE = 0.39, 95% Bootstrap Cl [0.003, 1.76] and of fear of negative
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evaluation on depressive symptoms through the late DLPFC activity: 0.20, SE=0.12, 95%
Bootstrap ClI [0.03, 0.56]).

Indirect effect of social risk on depressive symptoms through functional
connectivity—We also investigated whether functional connectivity between the affective
salience regions and prefrontal regions accounted for the association between social risk and
depressive symptoms. We first conducted functional connectivity analyses using the DLPFC
as a seed region. Specifically, we tested whether late and sustained DLPFC activity (6.68—
11.69 s) was associated with early activity (3.34-6.68 s) in affective salience regions. This
analysis was based on the idea that early reactivity in affective salience regions may be
related to subsequent late activity in prefrontal regions. None of these regions showed
functional connectivity with late DLPFC activity after controlling for multiple comparisons
using AFNI’s 3dClustSim (voxel-wise p < .005, 47 voxels contiguity to achieve a brain-wise
corrected p < .05). Due to the lack of functional connectivity, we were not able to test the
indirect effect of social risk on depressive symptoms through functional connectivity
between affective salience and prefrontal regions.

Indirect effect of social risk on anxiety symptoms through DLPFC activity—
Given the higher levels of comorbidity with anxiety disorder in our depressed sample, we
performed additional mediation analyses to examine whether findings were specific to
depression or were more general to both depression and anxiety. We tested our proposed
mediation models using anxiety symptoms, assessed by the Screen for Childhood Anxiety
Disorder (Birmaher et al., 1997) as the dependent variable. Results showed that DLPFC
activity accounted for the relationship between fear of negative evaluation and anxiety
symptoms (indirect effect: 0.17, SE = 0.09, 95% Bootstrap CI [0.03, 0.38]), but not for the
relationship between peer victimization and anxiety symptoms (indirect effect: 0.47, SE =
0.36, 95% Bootstrap CI [-0.08, 1.40]).

DISCUSSION

Findings from this study showed that youth exhibit greater but later occurring activation in
the right DLPFC in response to negative social status words compared to positive social
status words on the WVID task. This suggests that the DLPFC is involved in emotion
processing that occurs after initial reactivity to negative social words. Late DLPFC activity
was associated with increased presence of two types of social risk factors, peer victimization
and fear of negative evaluation, and depressive symptoms. Importantly, DLPFC activity in
response to negative social status words also accounted for the relationship between both
these types of social risk and depressive symptoms in youth.

The finding showing elevated and sustained DLFPC activity in response to negative social
status words compared to positive social status words is consistent with previous studies
showing DLPFC involvement in cognitive processing of emotion during labeling emotions
(Flannery et al., 2017) and cognitive emotion regulation (Belden et al., 2014; McRae et al.,
2012). Relatively late elevated DLPFC activity may represent more cognitively effortful
processing or cognitive emotion regulation associated with labeling negative social
information, compared to positive social information. Additional analyses revealed that
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DLPFC response to negative social status words was positively correlated with management
of negative emotion assessed by a self-report measure of anger emotion regulation coping.
Thus, findings suggest that DLFPC activity underlying emotion regulation of anger may
account for the association between social risk and depressive symptoms among youth. This
is consistent with research showing that anger and irritability are especially relevant for
depression in youth populations (Emslie, Mayes, & Ruberu, 2005; Sheeber et al., 2009; Silk
etal., 2011). Nevertheless, because the task was not designed to examine explicit emotion
regulation (e.g., task instructions to regulate emotion), and because we did not collect data
related to specific emotion ratings during the task (e.g., how angry they felt and how sad
they felt), we cannot be certain that the observed DLPFC activity reflects emotion regulation
as opposed to other cognitive processes such as emotion appraisal and labeling, or reflects
regulation of anger versus sadness.

Significant associations among both social risk factors (peer victimization and fear of
negative evaluation), DLPFC activity in response to negative social status words, and
depressive symptoms are consistent with prior research suggesting that social risk factors are
associated with altered emotion processing (McLaughlin et al., 2009; Rossignol et al., 2013;
Schwarz et al., 2013; Winton et al., 1995) and with depressive symptoms and disorders
(Hatzenbuehler et al., 2008; Silk et al., 2003). Findings further suggest that altered DLPFC
activity in response to negative social information may be a neural marker associated with
both social risk and depression during the transition into and across adolescence.

Finally, our mediation analyses suggest that social risk may contribute to depressive
symptoms by interfering with cognitive processes that support effective emotion processing
and regulation. This is in line with previous behavioral studies demonstrating that emotion
regulation difficulties account for the association between social risk factors (e.g., peer
victimization) and depressive symptoms in adolescence (Doyle & Sullivan, 2017,
McLaughlin et al., 2009), but reveals that altered functioning of prefrontal cortical regions
implicated in processing negative social information may underlie this relationship,
particularly blunted DLPFC function. It is important to note that DLPFC response to
negative social information explained the associations between two important aspects of
social risk, negative social experience (i.e., peer victimization), and social-cognitive
vulnerability (i.e., fear of negative evaluation), which suggests that aberrant DLPFC function
may be a general neurobiological factor for linking multiple types of social risk factors to
the development and maintenance of depression.

We did not find significant functional connectivity among affective salience and prefrontal
regions, particularly functional connectivity between early activity in affective salience
regions and later activity in prefrontal regions. This finding limits our ability to examine
whether social risk may contribute to aberrant connectivity between affective salience and
prefrontal regions underlying heightened emotional reactivity and difficulties regulating
emotion that may in turn put youth at risk for increases in depressive symptoms. Future
research using more sophisticated experimental designs that incorporate separable initial/
early emotion processing and late cognitive aspects of emotion processing are needed to
examine how functional connectivity between neural regions subserving early and late
emotion processing are related to social risk factors and depressive symptoms.
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It is important to note that DLPFC activity accounted for the relationship between fear of
negative evaluation and anxiety symptoms. This result may be because fear of negative
evaluation has been frequently associated with both anxiety and depression (Lipton et al.,
2016; Nonterah et al., 2015; O’Connor et al., 2002; Weeks et al., 2005). In contrast, findings
suggest that peer victimization may have a specific association with depressive symptoms
through alteration in prefrontal function. However, future research may be needed to
replicate these findings to better understand the extent to which these social risk factors are
specific to depressive symptoms versus anxiety through brain function involved in emotion
processing.

From a developmental perspective, findings suggest the possibility that, as peer relationships
become more important in adolescence, youth with higher levels of social risk may be
especially sensitive to social information, and thus more likely to experience heightened
distress and difficulty in regulating emotion in response to negative social stimuli. One
possibility is that, as these vulnerable youth enter into a developmental period characterized
by increased neural plasticity and greater exposure to social stressors, peer victimization and
fear of negative evaluation contribute to longer term neural development underlying emotion
processing and emotion regulation deficits in social contexts. Alterations in the development
of neural function, such as blunted DLPFC function, may in turn increase vulnerability to or
worsening of depressive symptoms among adolescent youth. However, more longitudinal
research is needed to test the potential effects of social risk factors on the development of
neural affective systems over time, and subsequent risk for depressive symptoms.

Surprisingly, affective salience regions did not show increased neural activity in response to
negative information compared to positive information. This may be because both negative
and positive emotion labeling similarly activate affective salience regions involved in
processing emotional stimuli. It is plausible that adolescents could process all social status
words as affectively and motivationally salient. One potential way to detect differences in
affective salience regions’ response to negative and positive social status words in future
research might be to modify the task to increase the personal relevance of the words, such as
by explicitly instructing participants to think about how each word applies to their own
social status.

There was also no association between age and DLPFC activity. This may have been
associated with our small sample and the fact that relatively few subjects were in the early
adolescent range. This study presents several other limitations. First, the cross-sectional
design limited our ability to make causal inferences about associations among social risk,
neural response to social information, and depression. Additionally, we used only
adolescents’ self-reported measures of social risk and depressive symptoms. Despite this
limitation, there are some benefits of using adolescent-report measures. Evidence suggests
that adolescent-report measures of social risk and depressive symptoms are more accurate
than measures reported by other informants (e.g., parents and teachers) because adolescents
do not always tell parents or teachers about their peer problems (Bowes, Joinson, Wolke, &
Lewis, 2015) and they also better know their subjective internal states than parents (Kent,
\ostanis, & Feehan, 1997). Third, past work suggested that different types (i.e., overt and
relational victimization) of peer victimization have different associations with depressive

J Res Adolesc. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

Page 15

symptoms (McLaughlin et al., 2009). However, we did not test such differential associations
between distinct types of peer victimization and depressive symptoms in this study. More
research is needed to better understand associations between types of peer victimization and
neural substrates of altered emotion processing. Fourth, although our study found that
increased DLPFC activity was associated with self-reported emotion regulation of anger, it
still remains unclear whether our participants were actively regulating emotions and, if so,
which specific emotion regulation strategies (e.g., reappraisal and distance) our participants
used, without the use of specific emotion regulation instructions. Future research using
explicit emotion regulation tasks could help to address this question. Fifth, our relatively
small sample size, particularly for early adolescents and for male participants, limits our
ability to examine the effects of age and gender on our mediation models. Our sensitivity
analysis revealed no significant age effect on the models, but it remained unclear whether
this finding may be due to no age effect itself or to our relatively small sample size. Sixth,
given the higher levels of comorbidity with anxiety disorder in our depressed sample, we
cannot conclude that our mediation findings are specific to depression.

Despite these limitations, our findings are consistent with prior studies showing that the link
between social risk and depressive symptoms was accounted for through self-report
measures of emotion processing (e.g., McLaughlin et al., 2009). Therefore, our study
contributes to a growing body of evidence showing that altered emotion processing may
serve as an important pathway through which social risk may contribute to increased
depressive symptoms in both clinical and nonclinical populations of youth during the
transition into and across adolescence. In addition, this is the first study, to the best of our
knowledge, to use more objective brain-based measures of altered emotion processing to
examine the role of emotion processing in linking social risk with depressive symptoms.
Finally, our findings suggest that improving DLPFC function in social contexts may be a
neural target for preventions or intervention geared toward breaking the cycle of social
difficulties and depressive symptoms in adolescence. Increased DLPFC activation is known
to be associated with cognitive control strategies (e.g., acting as a “detached observer” in
response to emotional stimuli), or other types of cognitive reappraisal (Frank et al., 2014;
Kohn et al., 2014). Interventions that use these emotion regulation strategies and repeated
practice/trainings may improve emotion regulation by engaging greater recruitment of the
DLPFC. Such interventions hold the potential to alter developmental trajectories toward
depression among adolescents with social risk.
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FIGURE 1.
(a) Valence x Time interaction effects: DLPFC regions showing greater activity in response

to negative social status words than positive social status words. Time series across scans
associated with the interaction of valence and time in empirically derived DLPFC regions.
Significant differences in time series between negative and positive social status words are
highlighted below the xaxis, pink = p<.05. R DLPFC: right dorsolateral prefrontal cortex,
(b) A correlation between self-report anger emotion regulation coping (measured by a
subscale of Children’s Emotion Management Scale) and DLPFC activity in response to
negative social status words (average % signal change across 6.68 s—11.69 s from baseline
[the first scan]).
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and DLPFC activity and depressive symptoms evaluation and DLPFC activity and depressive symptoms
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FIGURE 2.

The mediation model of the relation between peer victimization, depressive symptoms, and
DLPFC function (left) and the relation between fear of negative evaluation, depressive
symptoms, and DLPFC function (right).
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