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ABSTRACT ARTICLE HISTORY
Objective: Youth coping is consistently associated with risk and resi- Received 23 September 2019
lience for youth internalizing psychopathology. Integrating question- ~ Accepted 26 December 2020

naire and experimental methods is an important next step in KEYWORDS
understanding how youth develop, learn, and implement these skills Coping; anxiety; depression;
and to identify possible neurobiological mechanisms that underlie neuroimaging; adolescent
these processes. The current study aims to explore associations

among youth self-reported and laboratory-based measures of two

methods of coping (distraction and reappraisal). Further, the current

study aims to examine associations among neural correlates of distrac-

tion and reappraisal with symptoms of anxiety and depression in youth.

Methods: Youth (N = 69; M = 12.24, SD = 1.83; 52.9% female)

completed self-report measures of secondary control coping (RSQ)

and symptoms of anxiety (SCARED) and depression (CES-D) and

a laboratory coping task. While completing the task, prefrontal hemo-

dynamic changes were measured using functional near-infrared

spectroscopy (fNIRS).

Results: Neural activation during reappraisal was significantly

negatively correlated with youth anxiety symptoms, and both

neural activation and self-reported coping were significant inde-

pendent predictors of anxiety. Youth self-reported coping was not

associated with neural activation during reappraisal or distraction.

Conclusions: The measurement of possible neural markers of risk

and resilience in youth is an important area of continued research.

Identification of possible mechanisms of change related to anxiety

and depression in youth may inform targets of intervention.

Efforts to cope with stress are important to the development of resilience across the life
span. Results of a recent meta-analytic review highlight secondary control coping stra-
tegies (i.e., regulatory efforts to adapt to a stressful situation, which include the use of
acceptance, distraction, cognitive reappraisal) as promising candidates for target
mechanisms in the prevention of anxiety and depression (Compas et al., 2017). Late
childhood to early adolescence presents a salient period of risk for adolescent internaliz-
ing problems (Costello et al., 2003; Hankin et al., 1998), suggesting the importance of
developing skills to manage responses to stress during this developmental frame. The
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present study builds upon prior coping research by examining neural correlates of
distraction and reappraisal and their association with self-reported use of coping skills
and internalizing symptoms in youth.

To date, the field has predominantly relied on self- and parent-reports to broadly
assess youth coping strategies as they relate to psychopathology (Compas et al., 2017). As
research shifts to include the identification of neurobiological markers of risk and
resilience, studies have employed laboratory paradigms to assess the implementation of
specific coping skills (e.g., reappraisal) and their underlying neural correlates (Drabant
et al.,, 2009; Goldin et al., 2012; Ochsner et al., 2002, 2004). In a recent meta-analysis
focused on adult samples, reappraisal was associated with activation in cognitive control
regions (i.e., posterior dorsomedial prefrontal cortex [dmPFC], bilateral dorsolateral PFC
[dIPFC], ventrolateral PFC [vIPFC], and posterior parietal cortex) and regions support-
ing semantic and perceptual representations (i.e., lateral temporal cortex) (Buhle et al.,
2014). To a lesser degree, studies have also examined distraction (i.e., to distract yourself
by thinking about something positive) using laboratory paradigms, identifying both
common (dmPFC, dorsal anterior cingulate cortex [dACC]) and distinct (dIPFC,
vIPEC) patterns of prefrontal activation during distraction compared to reappraisal
(Hermann, Kress, and Stark, 2017; McRae et al., 2010). Child and adolescent studies,
while limited in number, have replicated these findings (Belden et al., 2014, 2015; McRae
et al., 2012), indicating prefrontal regions are associated with reappraisal and distraction
in adults and youth.

Despite these initial important findings, common laboratory paradigms often fail to
capture the context under which individuals cope with and regulate emotions in response
to stress in daily life. This is important, as individuals’ coping and emotion regulation
responses may vary based on the context under which they are enacting regulation
responses, and specific strategies may be more or less effective depending on situational
context (Bonanno & Burton, 2013; Compas et al., 2017; Gross, 2015). Children and
adolescents often cope with stress within the family context. Family stress, particularly
when uncontrollable (e.g., displays of parental negative emotion in the context of
parental depression), is linked to poorer child outcomes, including symptoms of both
anxiety and depression (Costa et al., 2006; Goodman et al., 2011; van Oort et al., 2010).
Youths’ ability to effectively adapt to family stressors by utilizing secondary control
coping strategies (acceptance, reappraisal, distraction), rather than attempt to change
or avoid those stressors, may play a central role in reducing risk for internalizing
symptoms during adolescence.

Neuroimaging studies have rarely linked performance on these laboratory paradigms
(i.e., ability to engage in coping strategies) to reports of adolescents’ use of these skills
outside of the laboratory. In two studies, findings suggest potential correspondence
between neural activation during task-based coping skill use and daily use of these skills
(Belden et al., 2015; Drabant et al., 2009). Whether self-reported coping corresponds with
neural responses when engaging in these strategies may inform how to select and
measure targets of intervention for youth at risk for internalizing psychopathology. To
date, studies have largely utilized functional magnetic resonance imaging (fMRI) to
elucidate the neural underpinnings of coping processes. Instead, the present study
employed functional near infrared spectroscopy (fNIRS), an emerging, noninvasive
method, with several benefits for use in children and adolescents. fNIRS offers
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comparable motion tolerance to fMRI in a noiseless environment, with increased com-
fort and compatibility, making the imaging technique an ideal candidate for imaging
youth (Quaresima & Farrari, 2019). The fNIRS signal is closely related to fMRI and both
measure changes in blood oxygenation via the same physiological mechanism (Fantini,
Frederick, & Sassaroli, 2018). In addition, a number of studies have used NIRS to assess
brain activation in the prefrontal cortex in response to cognitive tasks with an emotional
component and have detected differences between task conditions (Bendall, Eachus, &
Thompson, 2016). In studies utilizing fNIRS to examine implicit coping processes (i.e.,
not directly instructing individuals to engage in regulation), results show participants
experience increased VLPFC and DLPFC (Perlman et al., 2014; Tupak et al., 2014).

To our knowledge, no studies have explored whether these neural correlates are impor-
tant in samples of adolescent with varied levels of internalizing symptoms. Examining these
processes in a sample of youth with a range of symptoms of anxiety and depression may
inform our understanding of trajectories of risk and resilience in adolescence and clarify
whether these neural patterns of activation serve as a marker of risk along the internalizing
spectrum or signify clinical levels of symptoms. The present study sought to examine
relationships between neural activation associated with coping and symptoms utilizing
a laboratory paradigm and integrating self-report and experimental methods.

Current study

The current study examined whether youth show increased prefrontal activation when
instructed to use distraction and reappraisal while viewing emotional stimuli, and the
association of prefrontal activation during coping and internalizing symptoms. First, we
hypothesized that (1a) youth would demonstrate greater signal change (i.e., change in
oxygenated hemoglobin) in five a priori regions of interest (ROIs) that were selected from
a meta-analysis of human neuroimaging studies reporting brain regions supporting
reappraisal (Buhle et al., 2014) in response to emotional images during the reappraise,
distract, and react conditions when compared to baseline activation, and (1b) youth will
demonstrate greater signal change (increases) in response to instructions to reappraise
and distract versus react trials when presented with emotional stimuli. Second, we
examined associations between laboratory and self-report measurement of secondary
control coping. We hypothesized that (2) signal change (increases) in prefrontal regions
during reappraise and distract trials will be significantly positively correlated with self-
reported secondary control coping. Third, we also assessed associations between signal
change during reappraisal and distraction and symptoms of anxiety and depression in
youth. We hypothesized that (3) increased prefrontal activation during reappraise and
distract trials would be significantly negatively correlated with self-reported symptoms of
both anxiety and depression in youth.

Methods
Participants

The sample included 70 youth ages 9 to 15 years old (M = 12.24, SD = 1.83; 52.9% female;
90% right-handed) recruited from a metropolitan area in the southeastern United States.
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The sample of youth was 69.1% Euro-American, 20.0% African American, 4.4% Asian,
and 5.9% self-identified as more than one race. The sample of youth was predominantly
non-Hispanic (88.6%). Participant grade level ranged from 4™ to 10™ grade (mean = 6™
grade). Final analyses included 69 participants with complete data; data was lost for one
participant due to fNIRS technical difficulties.

Procedure

Participants were invited to participate in a study that aimed to better understand how
youth respond to stress in the family. Participants were recruited through e-mails to
a university employee list serve and university web-based methods of advertising research
studies. Interested participants were screened via phone prior to study enrollment for
exclusion based on parent-report of prior diagnoses of substance abuse, schizophrenia,
bipolar disorder, and intellectual disability. Children completed a battery of measures
through REDCap about stress, coping, and psychopathology and a computer-based coping
task. While completing the task, prefrontal hemodynamic changes were measured using
NIRS. The University Institutional Review Board approved all study procedures. Parents
provided consent for youth participation in the study, and youth provided assent.

Measures

Self-reported secondary control coping

Children completed the family stress version of the Responses to Stress Questionnaire
(RSQ; Connor-Smith et al., 2000; Wadsworth & Compas, 2002), a self-report question-
naire measure of how youth cope with and regulate their emotions in response to family
stress. The RSQ provides scores for three coping scales (i.e., primary control, secondary
control, and disengagement coping), and two stress reactivity scales (i.e., involuntary
engagement and involuntary disengagement). The RSQ has demonstrated excellent
reliability and validity (Connor-Smith et al., 2000). Analyses in the present study focused
on youth self-reports of secondary control coping in response to family stress to parallel
the laboratory task. The secondary control coping scale includes items assessing accep-
tance, positive thinking, cognitive reappraisal, and distraction as regulation strategies.

Symptoms of anxiety and depression

Youth completed the Screen for Child Anxiety Related Disorders (SCARED; Birmaher
et al,, 1999), a 41-item self-report measure that captures symptoms associated with panic
disorder or somatic complaints, generalized anxiety, separation anxiety, social anxiety, and
school avoidance in the past 3 months. Youth also completed the Center for Epidemiologic
Studies - Depression Scale (CES-D; Radloff, 1977), a 20-item measure that assesses
symptoms of depression in the past week. Both the SCARED and CES-D demonstrate
good reliability and validity in youth samples (Hale et al., 2011; Phillips et al., 2006).

Laboratory paradigm

Youth completed a laboratory assessment of reappraisal and distraction that was designed
to depict family stress, including parental displays of sadness and anger/irritability (see
masked citation for more detail). The task was modeled after prior studies utilizing
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emotion paradigms to assess reappraisal and distraction in adults and youth (Belden et al.,
2014, 2015; McRae et al, 2012; Ochsner et al., 2002). During the task, youth were
instructed to view images of angry or sad adults displayed for 10 seconds, and rate their
own negative emotion after each image was presented. Presentation of stimuli and
collection of responses was controlled by EPrime 2.0 (Schneider et al., 2012). The task
included four conditions: three conditions (reappraise, distract, and react-negative) pre-
sented images of adults displaying emotions, with the instruction to imagine the image was
their parent, and one condition (react-neutral) presented neutral pictures. Conditions
were block randomized, and images were randomly presented within each block such that
no image was shown more than once throughout the entirety of the task. In the reappraise
condition, youth were instructed to reappraise the image to make it more positive. In the
distract condition, youth were instructed to think about something else that makes them
feel good to make the image less negative. In the react conditions, youth were instructed to
look at the image as they normally would. Prior to each block, research assistants provided
instruction on reappraisal and distraction using age-appropriate language. Youth then
completed a practice trial, where the instructor asked them to say out loud what they were
thinking in order to assess whether youth understood the task instructions and how to
employ each strategy. Children received corrective feedback if necessary. Prior to the
stimulus presentation, the words “Make Positive” (reappraise), “Distract Yourself” (dis-
tract), or “Just Look” (react-negative, react-neutral) were presented for 1 second. Within
each condition, youth saw a series of 10 images, immediately followed by negative emotion
ratings on scale from 1 (not at all negative) to 5 (very negative). Mean negative emotion
ratings and mean prefrontal activation during reappraise (10 total trials), distract (10 total
trials), react-negative (10 total trials), and react-neutral (10 total trials) conditions were
used in analyses. The implicit baseline for all conditions included in analyses was com-
prised of a fixation cross on a blank screen at the start of the task.

fNIRS data acquisition

fNIRS was performed with a 24-channel Hitachi ETG-4000 spectrometer to record
relative changes of cortical oxy and deoxy-Hb concentrations using a 3 x 5 probeset
consisting of 8 emitters and 7 detectors (interoptode distance = 30 mm; light
penetration = 20 mm; sampling rate = 10 Hz). Emitters consisted of two laser diodes
(3 mW =+ 0.15 mW) with wavelengths of 695 nm and 830 nm that were amplitude
modulated (0.6 and 1.5 KHz). We used the international 10-20 system of EEG electrode
placement guideline with the central optode placed at Fz; however, a crucial difference is
that NIRS optodes are held in a fixed holder, with 30 mm spacing between optodes.
Despite anatomical variations among individuals, this method assures standardization
across both individuals and time. Right side probes approximately covered Fp2, F4, and
F8 and left side probes covered Fpl, F5 and F7; with this configuration, probes were
restricted to dorsal frontal cortical regions and the task was expected to activate pre-
frontal regions targeted by this NIRS configuration.

fNIRS data analyses

Preprocessing. NIRS data pre-processing was done using a combination of in-house code
from Vanderbilt University Institute of Imaging Science XNAT (Harrigan et al., 2016;
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http://www.nitrc.org/projects/masimatlab) and portions of code from NIRS-SPM (Ye
et al., 2009). Data were visually inspected for motion and the spline filtering method was
utilized to reduce movement artifacts and increase signal quality (adapted from
Scholkmann et al., 2010;; Cooper et al., 2012). Cardiac signal strength across channels
for each participant was examined as an additional quality parameter (adapted from
Pollonini et al., 2014). Optode locations in MNI space were estimated using the MNI
space 10/20 positions described in Jurcak et al. (2005). The modified Beer-Lambert law
(Cope et al., 1989; Kocsis et al., 2006) was applied to calculate changes in oxygenated and
deoxygenated hemoglobin concentration for each channel in each condition. Oxygenated
and de-oxygenated concentrations were projected into 3D MNI voxel space, and the
oxygenated signal was further analyzed for the present analyses. When transformed into
3D MNI voxel space, separate regressors were constructed for the task conditions of
interest (reappraise, distract, react-negative, react-neutral), and contrast images for single
conditions against the baseline were calculated for each subject using a block-related
design specifying the task conditions as regressors of interest.

Region of interest construction

We used a ROI approach to analyze the task-related fNIRS activation, focusing our
selection of regions on the prefrontal cortex. ROIs were chosen from coordinates
reported in a meta-analysis of human neuroimaging studies corresponding to max-
imum z-values for brain regions supporting reappraisal (reappraise > emotional
baseline conditions) (Buhle et al., 2014). Though whole brain activation was reported
in the aforementioned meta-analysis, consideration was limited to regions falling
within voxels with available NIRS signal, which is restricted to dorsal frontal cortical
regions. Three local maxima from the meta-analysis fit this criterion and were used to
create our ROIs; one in the right middle frontal gyrus, one in the left middle frontal
gyrus, and one centrally located in the superior frontal gyrus. The two middle frontal
gyri coordinates represented distinct regions, therefore symmetrical homologues were
created by flipping the sign of the X axis, as we did not have specific lateralized
hypotheses for these regions. This resulted in a total of five ROIs: two bilateral pairs
and one central region (Table 1). The local maxima were then expanded to 12 mm
radius spherical ROIs (Figure 1). We labeled each coordinate representing the center
of our spherical ROIs from the Harvard-Oxford Cortical Structural Atlas. The final
ROIs were the intersection of the 12 mm spheres from Buhle et al. (2014) and voxels
with available NIRS signal.

Table 1. Regions of interest selected for analyses.

Hem X Y Z BA
Middle frontal gyrus (MFG) R 42 30 39 9
Middle frontal gyrus (MFG) L -42 30 39 9
Middle frontal gyrus (MFG) R 36 15 57 8
Middle frontal gyrus (MFG) L -36 15 57 6
Superior frontal gyrus (SFG) C 0 15 63 6

Note. L, left; R, right; C, Central; x, y, z, center of mass coordinates in Montreal Neurological Institute (MNI)
standard space; BA, Brodmann area. ROIs were labeled from the Harvard-Oxford Atlas as implemented
within FSL (Smith et al., 2004; http://www.fmrib.ox.ac.uk/fsl) and Brodmann’s Areas were labeled using
Yale Biolmage Suite (http://www.bioimagesuite.org).
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Figure 1. The local maxima expanded to 12 mm radius spherical ROIs.

Activation within regions of interest

All analyses were conducted using SPM12 (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/)
within MATLAB (2017; The Mathworks Inc., Natick, MA, USA). At the first level, each event
was modeled by a 10 second box function convolved with the hemodynamic response (i.e.,
a sum of two discretized, or double, gamma functions) as implemented in SPM12 software for
each participant (Glover, 1999). This accounts for hemodynamic delay. Oxygenated levels were
measured the entire duration of the stimuli and the peak of the double gamma function was
five seconds after stimulus onset. The GLM design matrix included seven events modeled at the
first level: Reappraise of sad images, reappraise of mad images, distract from sad images,
distract from mad images, react to sad images, react to mad images, and react to neutral objects,
all relative to an implicit baseline. We modeled two comparisons of interest for each partici-
pant: reappraise > react and distract > react, averaged across sad and mad images, to investigate
differences in secondary control coping (reappraise and distract) as compared to only reacting
(react-negative), averaged across sad and mad trials.

At the second level, the contrast images generated, reappraise > baseline, distract >
baseline, react > baseline, reappraise > react-negative, distract > react-negative, as
described above, were averaged within each of the five a priori ROIs for each participant.
The resulting signal change values for each participant, for each contrast, for each ROI
were used in subsequent analyses. Outliers in the fNIRS data were identified as signal
change values greater than or less than three standard deviations from the average signal
change for each contrast and were excluded from analyses. Less than one percent of all
imaging data met this criterion.
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Data analytic approach

One-sample ¢-tests were conducted to compare task conditions (Hypotheses 1a and 1b).
As we had specific hypotheses that each ROI would correspond to signal change as
a result of the task, the Bonferroni method was adopted to address multiple comparisons
within each ROI (i.e., three comparisons: reappraise > baseline, distract > baseline, react-
negative > baseline, which yielded an adjusted p-value of .017). Bivariate correlations
were conducted between fNIRS activation in a priori ROIs and self-reported secondary
control coping (hypothesis 2). Bivariate correlations were conducted between fNIRS
activation and symptoms of anxiety and depression (Hypothesis 3). Based on the
bivariate results, exploratory hierarchical linear regression models were tested to examine
whether self-reported secondary control coping and fNIRS activation in ROIs were
independent significant predictors of symptoms.

Results

Means and standard deviations for the self-report measures of anxiety, depression, and
secondary control coping are reported in Table 2. Negative emotion ratings differed by
task condition, such that participants reported lower negative emotion when engaging in
reappraisal and distraction compared to no regulation trials (for more detail, see masked
manuscript). In all three conditions (reappraise, distract, react-negative) activation in
each of the five ROIs was significantly greater than implicit baseline, p <.017 (two-tailed;
Bonferroni corrected). However, all contrast differences between active conditions
(reappraise > react-negative, distract > react-negative) were non-significant, p > .017
(two-tailed). Overall, signal change differed from baseline but did not differ based on
coping instructions.

NIRS activation in all five a priori ROIs during the reappraise or distract conditions of
the laboratory task was not significantly correlated with self-reported secondary control
coping in response to family stress (Table 3). {NIRS activation during reappraise in all five
a priori ROIs was significantly negatively correlated with self-reported anxiety, but not
depressive symptoms (all p < .01). Greater signal change in the middle frontal gyrus (BA
6, 8) and superior frontal gyrus (BA 9) when instructed to use reappraisal was associated
with lower levels of anxiety symptoms. Signal change in these regions during distract trials
was not correlated with anxiety or depressive symptoms in youth.

A significant negative association between self-reported secondary control coping and
anxiety symptoms in this sample has previously been reported (masked citation). Hierarchical
linear regression analyses were conducted in the current study to examine whether fNIRS

Table 2. Means, standard deviations, and bivariate correlations among self-
report measures.

Measure Mean (SD) RSQ SCC SCARED CES-D
RSQ sCC .25 (.05) -

SCARED 20.04 (11.49) —.50%%* -

CES-D 11.18 (7.87) —.40%* 56%%% -

Note: * = p < .05, ** = p < .01; RSQ SCC = Responses to Stress Questionnaire Secondary
Control Coping scale (proportion scored); SCARED = Screen for Child Anxiety and Related
Emotional Disorders total score; CES-D = Center for Epidemiologic Studies — Depression
Scale total score.



CHILD NEUROPSYCHOLOGY e 9

Table 3. Bivariate correlations among self-report measures and brain activation.
Reappraise Condition

R MFG1 (BA 9) L MFG1 (BA 9) R MFG2 (BA 8) L MFG2 (BA 6) SFG
RSQ SCC 24 12 .18 11 .18
SCARED —46** —.39%* —A40%* —.35%* —40%*
CES-D -.09 -.09 -.10 -.08 -.09

Distract Condition

R MFG1 (BA 9) L MFG1 (BA 9) R MFG2 (BA 8) L MFG2 (BA 6) SFG
RSQ SCC -.02 -.10 -.02 -.08 .02
SCARED -23 -1 -.15 -.14 =21
CES-D .02 .16 .06 12 .04

Note: * = p < .10, * = p < .05, ** = p < .01; RSQ SCC = Responses to Stress Questionnaire Secondary Control Coping scale;
SCARED = Screen for Child Anxiety and Related Emotional Disorders total score; CES-D = Center for Epidemiologic
Studies — Depression Scale total score; R = right; L = left, MFG = middle frontal gyrus; SFG = superior frontal gyrus;
BA = Brodmann Area

activation and self-reported secondary control coping were significant independent predic-
tors of symptoms of anxiety in youth. Depressive symptoms were controlled for in the model.
In three of the five tested models, both self-reported secondary control coping and fNIRS
activation were significant independent predictors of anxiety symptoms in youth, above the
variance accounted for by depressive symptoms (Table 4).

Discussion

Research has consistently found moderate cross-sectional associations between coping
and internalizing psychopathology in children and adolescents when using self-report
measures (Compas et al., 2017). There is an increasing effort to identify neural and
biological markers of these processes, which may inform and refine targets for interven-
tion. The current study builds upon previous research in this area by both replicating
prior findings in identifying neural correlates of reappraisal and distraction and linking
these neural correlates to symptoms in a sample of adolescents.

The current study found that adolescents demonstrated activation in prefrontal
regions associated with cognitive control when implementing reappraisal and distraction
compared to baseline. These regions, Brodmann’s areas 8 and 9 in the prefrontal cortex,
have been linked to executive functioning and working memory skills and are implicated
in a broad range of functions including language, motor, and memory (e.g., Kubler,
Dixon, & Garavan, 2006). In contrast to prior studies utilizing similar paradigms (Buhle
et al., 2014), there were no significant differences between activation in the three task
conditions utilizing emotional images. Reasons for these discrepant findings may be due,
in part, to differences in task design.

In an effort to address limitations of prior research, the current paradigm was designed
to assess how youth are able to regulate their emotions in response to images of one
source of family stress; i.e., parental distress. Previous studies have utilized images that
are effective in evoking negative emotion but may not be directly relevant to daily
stressful experiences of participants (see Goldin et al., 2014, for an exception). The
current study attempted to address this by instructing participants to imagine the images
of adults in distress were their parent. Importantly, however, this inherently required
a form of reappraisal of the images of adult distress. Thus, even during the react trials of
the task, it is likely that youth were employing cognitive resources to reinterpret the
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Table 4. Hierarchical linear regression analyses.

DV = Anxiety symptoms B t value Total R?
Condition: Reappraise 48
1. RSQ SCC =21 —-1.64

2. R MFG1 -.30% -2.53

3. CES-D AGFHE 3.80

DV = Anxiety symptoms B t value Total R?
Condition: Reappraise 46
1. RSQ SCC -27* -2.25

2. L MFG1 —.25% -2.22

3. CES-D A45%* 3.70

DV = Anxiety symptoms B t value Total R?
Condition: Reappraise 46
1. RSQ SCC —.26% -2.12

2. R MFG2 —.25%* -2.18

3. CES-D A6* 3.75

DV = Anxiety symptoms B t value Total R?
Condition: Reappraise A5
1. RSQ SCC -27* -2.21

2. L MFG2 -.22" -1.94

3. CES-D A46** 3.73

DV = Anxiety symptoms B t value Total R?
Condition: Reappraise 46
1. RSQ SCC -.26* -2.11

2. SFG —-.25% -2.23

3. CES-D A6** 3.76

Note: * = p < .05, ** = p < .01; RSQ SCC = Responses to Stress Questionnaire Secondary
Control Coping scale; SCARED = Screen for Child Anxiety and Related Emotional
Disorders total score; CES-D = Center for Epidemiologic Studies — Depression Scale
total score; R =right; L = left, MFG = middle frontal gyrus; SFG = superior frontal gyrus.

image as their own caregiver. Consequently, differences in levels of brain activation
between conditions may have been difficult to detect, as they would be present in all
negative image trials. Future research should adapt the present design to eliminate this
possibility. In addition, it is important to note that, given the lack of specificity between
active conditions of the task, hemodynamic differences between active trials and the
implicit baseline may be attributable to simply detecting visual information.

Contrary to study hypotheses, self-reported secondary control coping and neural
activation when implementing distraction and reappraisal were not related. It is possible
that the lack of correspondence between these methods was a result of differences in
assessment — the laboratory task assessed reappraisal and distraction separately, while the
questionnaire measure assesses these strategies together in a single secondary control
coping factor. In addition, due to time limitations for the experimental task, we did not
assess acceptance, another component of secondary control coping. In future research, it
will be important to consider how to assess the full range of secondary control coping
skills in experimental designs. Alternatively, youths’ ability to implement those strategies
under laboratory conditions may not reflect their experience using these skills in daily
life. With an increasing emphasis on identifying neural biomarkers of psychopathology
across the lifespan, further research exploring how widely used questionnaire methods,
which are more easily administered in clinical settings, and laboratory methods converge
or diverge is needed. I

Both decreased prefrontal activation during reappraisal and self-reported secondary
control coping were independent predictors of increased anxiety symptoms. These
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findings are consistent with studies in anxious adults (Goldin et al., 2009, 2012), and
suggest that reduced patterns of neural activation during skill implementation may
serve as an indicator of risk for anxiety symptoms. Further, these neural patterns of
coping may be an important mechanism to assess over the course of interventions for
anxiety. Replication of these findings in a clinically anxious sample of adolescents is
needed. In contrast, depressive symptoms were not associated with prefrontal activa-
tion during any task condition. Prior studies in both adults and youth have examined
differences between clinically depressed and non-depressed samples (Belden et al.,
2015; Smoski et al, 2013), with mixed results. In one study of children, neural
differences during reappraisal emerged in only one of 23 identified ROIs (Belden
et al., 2015), while in an adult sample, depressed participants reported lower levels of
neural activation in the middle frontal gyrus (Smoski et al., 2013). It is possible that
neural correlates of coping skill use may function differently across the spectrum of
depressive psychopathology, such that these mechanisms are only associated with
clinical levels of depression and do not provide an indication of risk for the develop-
ment of depression.

The present study had several limitations that can be addressed in future research.
First, the study is cross-sectional in design. Future research examining longitudinal
associations among these methods and key study constructs will be important, as
limited prospective research in this area suggests neural activity during coping
strategy use may change over the course of cognitive-behavioral intervention
(Goldin et al., 2014). Longitudinal studies would also help to elucidate any age-
related changes in neural activity during distraction and reappraisal. Second, the
study used fNIRS, which has limited spatial specificity and captures only cortical
brain activation (Woo et al.,, 2014). There are some notable limitations to fNIRS
technology, including limited spatial specificity, though fNIRS is a more cost-effective
tool and may be preferable for use in children. Its signal is limited to cortical regions,
which precludes examination of other key regions of the brain implicated in the
experience of emotion (e.g., amygdala, anterior cingulate cortex). Finally, while this
study focused on internalizing psychopathology, research suggests that the use of
secondary control coping skills is also significantly correlated with reductions in
externalizing psychopathology; research exploring whether neural correlates of cop-
ing are associated with externalizing symptoms is an area for future research.

In summary, the measurement of possible neural markers of risk and resilience in
childhood and adolescence is an important area of continued research. Identification of
mechanisms underlying anxiety and depression in youth may inform targets of inter-
vention. Further research is needed to assess whether experimental coping paradigms
may provide clinical utility.
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