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Adolescents’ neural reactivity to acute psychosocial stress:
dysfunctional regulation habits are linked to temporal
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Abstract

Mid-adolescence is a critical time for the development of stress-related disorders and it is associated with significant social vulnerability.
However, little is known about normative neural processes accompanying psychosocial stress at this time. Previous research found that emo-
tion regulation strategies critically influence the relationship between stress and the development of psychiatric symptoms during adoles-
cence. Using functional magnetic resonance imaging (fMRI), we examined neural responses to acute stress and analyzed whether the
tendency to use adaptive or maladaptive emotion regulation strategies is related to neural and autonomic stress responses. Results show
large linear activation increases from low to medium to high stress levels mainly in medial prefrontal, insulae and temporal areas.
Caudate and subgenual anterior cingulate cortex, neural areas related to reward and affective valuations, showed linearly decreasing acti-
vation. In line with our hypothesis, the current adolescent neural stress profile resembled social rejection and was characterized by pro-
nounced activation in insula, angular and temporal cortices. Moreover, results point to an intriguing role of the anterior temporal
gyrus. Stress-related activity in the anterior temporal gyrus was positively related to maladaptive regulation strategies and stress-induced
autonomic activity. Maladaptive coping might increase the social threat and reappraisal load of a stressor, relating to higher stress sensitivity
of anterior temporal cortices.
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Introduction

In adolescence, onsets of stress-associated disorders such as
depression or substance use disorders peak (Kessler & Wang,
2008; Paus, Keshavan, & Giedd, 2008). In this context, restructur-
ing of important functional brain networks such as the prefron-
tal–amygdala circuitry (Casey et al., 2010; Tottenham & Galván,
2016), rapid gray matter changes (Giedd, 2004; Gogtay et al.,
2004) and imbalances in neuroendocrine axes and resulting hor-
monal output (Romeo, 2010; Romeo & McEwen, 2007) are
believed to create a window of neural stress vulnerability.

In addition, the transition into adulthood brings about signifi-
cant environmental challenges. Adolescents begin exploring new
social groups and networks outside their familiar home
(Nelson, Leibenluft, McClure, & Pine, 2005). At school, they are

confronted with increasing academic pressure (Kouzma &
Kennedy, 2004). Simultaneously, high emotional reactivity
(Casey et al., 2010; Dahl & Gunnar, 2009) and hypersensitivity
to social acceptance and rejection (Platt, Kadosh, & Lau, 2013;
Sebastian, Viding, Williams, & Blakemore, 2010) further raise
the potency of (psychosocial) stressors on the adolescent nervous
system.

Consequently, the adolescent brain is becoming strikingly sen-
sitive to stress-induced alterations (Gee & Casey, 2015). Acute
stress negatively affects working memory and performance
(Gärtner, Rohde-Liebenau, Grimm, & Bajbouj, 2014). In the
long run, severe or chronic stress-related alterations during ado-
lescence show close links to the emergence of depressive and anx-
iety disorders in adulthood (Dahl & Gunnar, 2009). As such,
stress-related processes in the adolescent brain are of pivotal rel-
evance for an individual’s mental health. In general, the literature
on stress-related functional brain changes as investigated in adults
suggests neural resources shift towards areas involved in salience
detection (e.g., anterior insula) and affective processing (e.g.,
medial prefrontal cortex [mPFC]), while modulating neural top-
down regulation (e.g., ventrolateral PFC) in a specific and time-
dependent manner (for a review see van Oort et al., 2017).
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Stress, moreover, changes activation and processing of stimuli in
reward-related areas such as the striatum and orbitofrontal cortex
(OFC; Porcelli, Lewis, & Delgado, 2012). For example, Porcelli
et al. (2012) exposed participants to acute stress prior to examin-
ing neural responses to monetary rewards and punishments. They
could show that participants exposed to acute stress demonstrated
decreased dorsal striatum and OFC reward sensitivity. Behaviorally,
acute stress appears to increase attention towards threat-related
cues and heighten the salience of negative emotional material
(Hermans, Henckens, Joëls, & Fernández, 2014; Lupien, Maheu,
Tu, Fiocco, & Schramek, 2007; Oei et al., 2012). However, neural
correlates of acute stress vary with the type of stress induced, as
well as with the paradigm employed (for a review, see Noack,
Nolte, Nieratschker, Habel, & Derntl, 2019). Reviews summariz-
ing functional brain changes associated with acute psychosocial
stress induced by the Montreal imaging stress task (MIST;
Dedovic, D’Aguiar, & Pruessner, 2009; Pruessner et al., 2010)
reported increased activation in the left medial PFC, cingulum,
occipital cortex and left premotor area and deactivation of the
limbic system, particularly in the medio-orbitofrontal cortex, hip-
pocampus, and hypothalamus. Meta-analytic data moreover show
that psychosocial stress in adults is associated with heightened
activation in the right superior temporal gyrus as well as the infe-
rior frontal gyrus extending into insula across tasks. Convergent
decreased activation was observed in the caudate (Kogler et al.,
2015).

In adolescence, these neural systems are undergoing dynamic
changes. Therefore, the stress response might be unique (Romeo,
2010). Highly plastic and developing brain systems are more
sensitive to adverse and challenging environmental stimuli
(Eiland & Romeo, 2013; Lupien, McEwen, Gunnar, & Heim,
2009). For instance, cortical volume increases in frontal and tem-
poral areas are observed from childhood to puberty, followed by
cortical thinning during adolescence (Gogtay et al., 2004).
Importantly, current models of adolescent neural development
propose that descending projections from the prefrontal (particu-
larly ventromedial prefrontal cortex [vmPFC]) to limbic subcort-
ical areas (e.g., amygdala) are maturing at this time. A shift from
positive to negative cortico–subcortical coupling is still being
completed during adolescence (Casey, Heller, Gee, & Cohen,
2019), which is likely to impact reactivity to and regulation of psy-
chosocial stress during adolescence.

As studies on stress in adolescence are rare, previous investiga-
tions of social rejection as a stressor in adolescence might be
informative regarding relevant neural mechanisms. Here, models
assume that, on the one hand, dorsal anterior cingulate cortex
(ACC), insula, fusiform gyrus, superior temporal sulcus, and
anterior temporal gyrus detect social threat, while, on the other,
amygdala, mPFC, and subgenual ACC, as well as areas of the neu-
ral reward system (orbitofrontal cortex, striatum), are involved in
affective responses (Blakemore, 2008; Nelson et al., 2005;
Sebastian et al., 2010; Somerville, 2013; Somerville, Whalen, &
Kelley, 2010). More specifically, during socially evaluative and
stressful situations, dorsal ACC and insula are directly involved
in the detection of negative social stimuli and generation of neg-
ative affect in adolescents and adults (Masten et al., 2009; Slavich,
Way, Eisenberger, & Taylor, 2010). For lower level processing,
interpretation and reappraisal of socio-emotional stimuli, superior
temporal cortex and fusiform gyrus play important roles
(Blakemore, 2008; Pfeifer & Blakemore, 2012). Affective reactivity
and processing in these challenging social situations have been
linked with subgenual ACC and ventromedial PFC activation.

Reactivity in these areas is, moreover, believed to be higher during
adolescence compared to childhood and adulthood (Blakemore,
2008; Gunther Moor, van Leijenhorst, Rombouts, Crone, & Van
der Molen, 2010; Somerville, 2013). While research in adults sug-
gests significant involvement of the lateral PFC including the infe-
rior frontal cortex in the response to acute stress (Kogler et al.,
2015), there are indications that these regulatory brain areas
might not be recruited in the adolescent stress response
(Sebastian et al., 2011).

Furthermore, acute psychosocial stress is negatively linked to
activation in orbitofrontal and striatal regions in adults
(Dedovic et al., 2009; Kogler et al., 2015; Porcelli et al., 2012),
and similar interactions might be relevant for adolescents
(Lincoln et al., 2019). The striatum is a core area of the mesocor-
ticolimbic reward circuit (Walker et al., 2017) and has been found
to moderate reward sensitivity (Van Leijenhorst et al., 2010) and
reward-related learning (Delgado, 2007). The orbitofrontal cortex
is believed to be involved in reward and hedonic experience
(Kringelbach, 2005).

Taken together, despite the critical role of psychosocial stress
during adolescence for mental health, the amount of studies on
the effects of acute stress on the adolescent brain is limited.
Previous neuroimaging research on social rejection has pointed
to effects of rejection stress on widespread neural areas associated
with socio-emotional processing during adolescence. In some
areas, such as subgenual ACC and vmPFC, neural reactivity has
been suggested to be particularly high, whereas in others, such
as inferior frontal gyrus, reactivity might tend to be lower. In
the current study, we therefore aimed to advance this existing
knowledge by employing an effective parametric design that sys-
tematically varied stress level to examine neural correlates linearly
associated with acute psychosocial stress in the adolescent brain.

Furthermore, despite immanent instabilities and vulnerabili-
ties during adolescence, it is also a time of intense learning. For
example, a second wave of synaptic pruning (after infancy) is
believed to underlie rapid gray matter changes during adolescence
(Selemon, 2013). Moreover, whereas in children effective prefron-
tal regulation of amygdala reactivity seems to depend on maternal
presence, adolescents’ effective neural emotion regulation in the
prefrontal–amygdala circuit has been found to be more indepen-
dent (Gee et al., 2014). With increasing developmental age,
PFC-related amygdala modulation and inter-connections within
the PFC increasingly facilitate cognitive reappraisal of emotion
(Silvers et al., 2017). Similarly, from a cognitive perspective, new
abilities allow the use of complex strategies aimed at regulating
emotions (LeBlanc, Essay, & Ollendick, 2017), which modulate
physiological stress responses (Krkovic, Clamor, & Lincoln,
2018; Nasso, Vanderhasselt, Demeyer, & De Raedt, 2018).
These emotion regulation strategies are often defined as “pro-
cesses responsible for monitoring, evaluating, and modifying
emotional reactions, especially their intensive and temporal fea-
tures, to accomplish one’s goals” (Thompson, 1994). Different
theoretical models have conceptualized functional strategies as
adaptive (e.g., re-evaluation) and dysfunctional as maladaptive
(e.g., rumination), dating back to literature on stress coping
(e.g., Carver, Scheier, & Weintraub, 1989) and early cognitive
behavioral therapists (e.g., Beck, 1979). For developmental and
clinical researchers alike, a central criterion for categorizing strat-
egies as adaptive or maladaptive has been their association with
health outcome, that is, psychological well-being versus the devel-
opment of psychopathology such as depression or anxiety disor-
ders (Saarni, Campos, Camras, & Witherington, 2006; Schäfer,
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Naumann, Holmes, Tuschen-Caffier, & Samson, 2017; Zeman,
Klimes-Dougan, Cassano, & Adrian, 2007). Usage of adaptive
versus maladaptive emotion regulation strategies has been found
to be the critical factor for the relationship between stress experi-
ence and the development of psychiatric symptoms during adoles-
cence (Kullik & Petermann, 2013; Nolen-Hoeksema & Aldao,
2011; Shapero, Stange, McArthur, Abramson, & Alloy, 2019; Silk,
Steinberg, & Morris, 2003; Stevens et al., 2013). In addition to sys-
tematically investigating linear neural effects of acute stress by
employing an effective parametric design, it was, therefore, another
important aim to analyze associations between neural stress reactiv-
ity and trait level emotion regulation tendencies.

To address these two research aims as described, we adminis-
tered an adapted version of the MIST (Dedovic et al., 2005;
Zschucke, Renneberg, Dimeo, Wüstenberg, & Ströhle, 2015) to
a sample of mid-adolescent individuals during functional mag-
netic resonance imaging (fMRI). Owing to the heightened sali-
ence of social stimuli at this developmental stage (Nelson et al.,
2005), we expected that the neural profile of psychosocial stress
would be similar to the one found for social rejection during ado-
lescence. Therefore, we hypothesized significantly increased neu-
ral reactivity in the medial prefrontal and dorsal ACC, insula,
fusiform gyrus, superior temporal sulcus and anterior temporal
gyrus under stress. Moreover, based on previous studies using
the MIST in adults (Dedovic et al., 2009; van Oort et al., 2017)
and studies investigating the effects of acute stress on reward pro-
cessing (Porcelli et al., 2012; Van Leijenhorst et al., 2010), we
expected neural activity in limbic and reward-related areas, partic-
ularly in the hippocampus, hypothalamus, orbitofrontal cortex,
and striatum, to decrease. Although previous research is rare,
we further speculated that use of maladaptive strategies might
be linked to more stress-associated activation in limbic areas
and adaptive strategies to attenuated neural stress response.

Method

Participants and procedure

The study was approved by the ethics committee of the German
Psychological Society; all participants as well as legal guardians
provided written informed consent. Fifty-three adolescents from
14 to 17 years took part in the experiment (M = 15.70 ± 0.61,
24 girls).

Participants were screened for the following exclusion criteria
via standardized (in-house) questionnaires: (a) adverse health
conditions, (b) neurological or psychological disorders, (c) use
of medication that influences central nervous system, (d) nonre-
movable ferromagnetic material. Before the fMRI experiment,
habitual use of emotion regulation strategies was measured by
self-report (see section on emotion regulation strategies below).
Afterwards, participants performed a psychosocial stress task
(adapted MIST) in the MRI scanner. Pulse oximetry was used
to record heart rate (HR) over the course of the experiment
(see section on subjective and autonomic stress response measures
for a detailed description). Ten participants were excluded from
the fMRI sample due to excessive head movement (>3° mm trans-
lation or 3° rotation) and two due to technical problems during
fMRI recordings. Thus, fMRI-based analyses relate to a sample
of N = 41 adolescents (M = 15.63 ± 0.59, 22 girls); 1 left-handed
and 40 right-handed (according to the Edinburgh Handedness
Inventory) (Oldfield, 1971).

Emotion regulation strategies

We selected the German FEEL-KJ questionnaire (Fragebogen zur
Erhebung der Emotionsregulation bei Kindern und Jugendlichen;
Grob & Smolenski, 2005) to measure emotion regulation strate-
gies. It assesses a wide range of emotion regulation strategies
and was specifically developed for children and adolescents
from 10 to 19 years of age. 90 items rated on a 5-point scale (rang-
ing from 1 = never to 5 = always) index adaptive and maladaptive
strategies in response to feelings of anxiety, sadness, and anger.
Adaptive strategies consist of problem solving, distraction, forget-
ting, acceptance, humor enhancement, cognitive problem solving,
and re-evaluation, whereas giving up, withdrawal, rumination,
self-devaluation, and aggressive actions represent the maladaptive
strategies. The mean values of the relative use of adaptive and
maladaptive strategies are the two main outcome values. The
questionnaire has been shown to be reliable and to reflect a
valid self-report measure of emotion regulation strategies in ado-
lescents (Cracco, Van Durme, & Braet, 2015). The scales also
showed excellent internal consistency in the current study (adap-
tive strategies α = .92, maladaptive strategies α = .88).

Psychosocial stress task

The MIST (Dedovic et al., 2005; Pruessner et al., 2008) as modi-
fied by Zschucke et al. (2015) was employed. In summary, the aim
of the MIST is to induce psychosocial stress during a mental
arithmetic challenge (with difficulty and time limit being manip-
ulated to increase individual failure rates) in combination with an
artificial social evaluative threat. Each trial began with the depic-
tion of the mathematical equation. The equation was presented
either until the participant submitted a response by choosing an
integer via button press or the time allotted was elapsed.
Afterwards, the feedback screen was presented for 2.5 s until the
next trial started. Each trial lasted from the depiction of the equa-
tion until the end of the feedback period.

In detail, the general interface of the modified MIST consisted
of the following elements: a mental arithmetic question, a hori-
zontal line of integers from 0 to 9 (used for response submission),
a text field that provides feedback on the submitted response
(“correct,” “incorrect” or “timeout”) and a time bar indicating
how much time is left for the current trial. The task had three
conditions: (a) low stress, (b) moderate stress, and (c) high stress,
presented in a fixed sequence. In the low-stress condition (40
trials), participants were given sufficient time (20 s) to solve
each arithmetic problem while being told that this part served
for training only. These 40 trials were used to calculate partici-
pants’ individual baseline response time. During the moderate
stress condition (32 trials), participants were told that responses
were now being recorded and monitored by the experimenter.
Participants were given 25% less time than their baseline reaction
time to solve each question. Two performance indicators were
also added to the interface. One indicator tracked the participants’
performance and the other one displayed a faked average of all
previous study participants. This faked group average was pro-
grammed to be consistently above the current participant’s per-
formance. After the moderate stress condition, the experimenter
delivered scripted negative feedback over the microphone.
Participants were told to improve their performance for a last
run, otherwise their data would not be usable. During the high-
stress condition (32 trials), the algorithm further restricted the
allotted time and increased task difficulty to raise failure rates
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to approximately 50%. See Zschucke et al. (2015) for a detailed
description of the version of the MIST that was used.

Participants used the outer button (relative to participant’s
body) of a four-button fiber-optic response box (Current
Design Inc., Philadelphia, USA) in their left hand to move the
highlight to the left, and the right-hand button box to move the
highlight to the right (outer button) and to submit the answer
(inner button). After the task, participants were fully debriefed,
told that the task was designed to be impossible to accomplish,
and that it did not access their math abilities.

Subjective and autonomic stress response measures

Participants were asked (via microphone) immediately before and
after the MIST to evaluate how (a) stressed and (b) strained they
felt on a scale from 1 to 10. In addition, we used pulse oximetry to
record HR to validate autonomic arousal over the course of the
MIST. For this purpose, the integrated photoplethysmograph of
the Siemens Physiological Monitoring Unit with an infrared emit-
ter was placed under the pad of the left index finger. Processing of
the pulse oximetry data was performed with the TAPAS PhysIO
toolbox, version r671, implemented in SPM12 (Kasper et al.,
2017). The adaptive “auto-matched” peak detection algorithm
of the PhysIO toolbox was used for peak detection. Diagnostic
plots of the heartbeat interval time course (as provided by the
toolbox) were used to check for missed and wrongly detected
heart beats (due to movement or scanner pulses). All data sets
with more than three wrongly detected heart beats (as indicated
by the toolbox) were excluded from the analyses.

Statistical analysis of behavioral and autonomic stress
measures

Two paired sample t tests were calculated to assess changes in
subjective stress and strain. With regard to HR measurements,
we used data derived from peak detection to calculate mean
beats per minute (bpm) for all three conditions (low, moderate,
and high stress). A repeated analysis of variance (ANOVA) with
the factor condition was computed. Furthermore, we calculated
mean values for the usage of adaptive and maladaptive emotion
regulation. Given previous reports of gender- and age-related dif-
ferences in emotion regulation (e.g., Zimmermann & Iwanski,
2014), we compared usage of emotion regulation strategies
between genders in a mixed-effects ANOVA adding gender
(girls, boys) as a group factor and emotion regulation (adaptive,
maladaptive) as a between-subject factor. In addition (b), we cal-
culated bivariate correlations between emotion regulation and age
of the adolescents.

fMRI acquisition

The fMRI data were acquired in a 3 Tesla Magnetom Trio scanner
system (Siemens Medical Systems, Erlangen, Germany) with a
12-channel radiofrequency head coil. The experiment was pro-
grammed with Presentation software (Version 14.9, Neurobehavioral
Systems Inc., Albany, CA, USA) and projected onto a screen at
the end of the magnet bore by a video projector (NEC GT950,
NEC Corporation, Itasca, IL, USA, resolution 1,024 × 768 pixels),
which participants viewed via a mirror on the head coil. A
T1-weighted three-dimensional magnetization-prepared rapid
gradient echo sequence with 192 continuous sagittal slices (image
matrix = 256 × 256, repetition time [TR] = 1,900 ms, echo time [TE]

= 2.52 ms, flip angle = 9°, field of view [FoV] = 256 × 256, voxel size
= 1 × 1 × 1 mm3) was conducted. Functional images were collected
using axial aligned T2*-weighted gradient echo planar imaging (EPI)
sequence sensitive to blood-oxygen-level-dependent (BOLD) contrast
(33 transversal slices, image matrix = 64 × 64, TR = 2,000 ms, TE =
30 ms, flip angle = 78°, FoV = 192 × 192, voxel size = 3 × 3×3 mm3).

fMRI data processing and analysis

Preprocessing
The fMRI data were analyzed using SPM12 (Statistical Parametric
Mapping software package; Wellcome Department of Imaging
Neuroscience, London, UK). EPIs were corrected for acquisition
time delay and motion artifacts and transformed into the stereo-
tactic normalized standard space of the Montreal Neuroimaging
Institute (MNI) using the unified segmentation algorithm as
implemented in SPM12. Finally, EPIs were resampled (voxel
size = 3 × 3 × 3 mm3) and smoothed with a three-dimensional
Gaussian kernel of 7 mm full-width-at-half-maximum.

Single subject analysis
The time series were high-pass filtered (1/256 Hz cut-off fre-
quency). Aliasing effects and serial correlations were modelled
using an autoregressive model of first order and the parameters
of the model were estimated with a restricted maximum likeli-
hood algorithm as implemented in SPM. A general linear
model was implemented at the single-subject level, in accordance
with the approach described in Zschucke et al. (2015). We mod-
elled the different conditions convolved with a hemodynamic
response function as explanatory variables on a voxel-by-voxel
basis. Further, we used the constant of the general linear model
(i.e., the mean signal within each run) as our main neural param-
eter representing stress-associated neural activity of each condi-
tion. Motor response, task and feedback screen, as well as the
six movement parameters were additionally included as regressors
of no interest. For flexible factorial modelling at the group level,
we generated three different contrast images at the individual
level, which represented the sustained mean signal of the (a)
low-, (b) medium-, or (c) high-stress run, respectively. In addi-
tion, we generated two contrast images of parameter estimates
that compared the high- and low-stress run at the individual
level (i.e., [high > low], [low > high]). These were then used in
a one-sample t test and voxel-wise regression analysis at the
group level (see next section).

Group analysis
Individual contrast images were taken to fMRI group random
effects analyses using the flexible factorial modelling procedure
that included the within-subject factor stress level (low, moderate,
high stress). For correction of multiple comparison, voxel-wise
familywise error (FWE) correction with p < .05 at the peak
level was applied for whole brain analyses. It is important to
note that this conservative, voxel-wise approach was chosen due
to reported issues around cluster-based thresholding (Eklund,
Nichols, & Knutsson, 2016) and because it appears to provide
an appropriate balance between false positives and false negatives
for social neuroscience studies (Han & Glenn, 2017). In addition,
we only report resulting clusters with a minimum size of k≥ 5
voxels. We then conducted a whole brain voxel-wise regression
to analyze the relationship between neural stress reactivity and
maladaptive emotion regulation (FEEL-KJ). In a follow-up analy-
sis, we explored potential effects of gender or age differences. A
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two-sample t test with differential contrast images (low vs. high
stress) from individual subjects contrasting both genders was
computed. By means of a voxel-wise regression analysis with
the same contrast images, we tested for associations between
age- and stress-induced neural activation. Results were
FWE-corrected with p < .05 at the peak level within the regions
that showed a main effect of stress and only report clusters with
a minimum cluster size of k≥ 5 voxels.

For completeness, we examined the relationship between sig-
nificant neural activation clusters in response to stress and subjec-
tive as well as autonomic stress response (HR) by extracting mean
parameter estimates from these regions for exploratory, post-hoc
analysis.

For the purpose of extracting individual beta values contrasting
two conditions (low vs. high stress), a one-sample t test with dif-
ferential contrast images (low vs. high) from individual subjects
was computed. This more conservative approach offers several
advantages in terms of error partitioning (Henson, 2015;
McFarquhar, 2019). From all resulting suprathreshold activation
clusters (after whole brain voxel-wise FWE-correction with p <
.05 at the peak level) that were 5 voxels or larger, mean parameter
estimates for the whole cluster were extracted for each participant
for correlation with subjective stress and HR values in SPSS (stat-
istical package for the social sciences) software.

Results

Subjective and autonomic stress response validation, emotion
regulation statistics

Self-reported stress and strain significantly increased after perfor-
mance of the MIST task (stress: Mpre = 2.96 ± 2.33, Mpost = 6.10 ±
2.59, t (49)stress = 9.17, p < .001; strain: Mpre = 3.44 ± 2.19, Mpost

6.23 ± 2.28, t (46)strain = 8.46, p < .001).
Excessive hand movement corrupted the pulse oximetry data

of 17 participants (see Supplementary Table 1 in the
Supplementary Material for information of sex ratio and mean
age in this subsample). The repeated measures ANOVA on the
remaining 36 participants showed a main effect of condition
(Mlow = 64.95 ± 11.68 bpm, Mmoderate = 70.35 ± 14.38 bpm,
Mhigh = 76.73 ± 18.50 bpm, F (2) = 17.45, p < .001). Bonferroni
corrected post-hoc paired t tests confirmed significant increases
in HR from baseline to moderate (t (35) = 2.97, p = .010 adjusted)
and from moderate to high stress condition (t (37) = 3.70, p = .002
adjusted).

The mean value for usage of adaptive emotion regulation strat-
egies, which was rated on a 5-point scale ranging from 1 = never
to 5 = always, was Madaptive = 3.26 ± 0.49 (variance = 0.19, range =
1.87), the mean value for maladaptive strategiesMmaladaptive = 2.68
± 0.43 (variance = 0.20, range = 2.02). The mixed-effects ANOVA
regarding emotion regulation showed no significant effect of gen-
der on type of emotion regulation (non-significant main and
interaction effects). Age of participants did not significantly cor-
relate (Pearson) with emotion regulation (for both maladaptive
and adaptive emotion regulation).

Whole brain stress-induced neural activation

We compared neural activation across the brain between the three
MIST conditions (i.e., low, moderate, and high stress) in a flexible
factorial design. Linearly increasing activation from low to mod-
erate to high stress was observed in the mPFC/ACC, insula,

inferior frontal gyrus, middle orbital gyrus, angular gyrus, ante-
rior temporal gyrus/temporal pole, middle and superior occipital
gyrus, and thalamus. Decreasing activation was found in the cau-
date gyrus and subgenual ACC (Figure 1). Details (laterality, MNI
coordinates, and t values) for the comparison between the low-
and high-stress condition can be found in Table 1. Please refer
to Supplementary Tables 2 and 3 in the Supplementary
Material for details on contrasts between moderate- and high-
as well as low-stress conditions. One-sample t tests with differen-
tial contrast images from individual subjects (low vs. high)
resulted in activation clusters within highly similar brain areas
(see Supplementary Table 4 in the Supplementary Material).

Voxel-wise regression analysis with differential contrast images
from individual subjects (low vs. high) and mean scores of the
tendency to use maladaptive emotion regulation showed a signifi-
cant positive correlation between the tendency of using maladap-
tive emotion regulation strategies and right temporal pole
activation (MNI peak 51/8/−29, t = 4.29, p < .035, k = 11).
There was no significant association with adaptive emotion regu-
lation strategies. Adding age as a covariate did not significantly
change the results (MNI peak 51/8/−29, t = 3.80, p < .041, k = 11).

The two-sample t test comparing genders did not yield any
significant results. Similarly, we did not observe any significant
associations between age- and stress-induced neural activation
(whole brain voxel-wise regression). When gender and age were
added as covariates to the one-sample t test with differential con-
trast images (low vs. high stress), results were highly similar (see
Supplementary Table 5 in the Supplementary Material).

Post-hoc correlations: Neural activation areas, HR and
subjective response

Beta values were extracted from the one-sample t test (from all
eight significant activation clusters) for exploratory post-hoc cor-
relations with stress-related HR increases. We observed negative
correlations of stress-induced right temporal gyrus activation
[high > low stress] with stress-induced HR increase (MNI peak
60/−13/−23: Pearson r =−.502, p = .006; MNI peak 54/5/−29<:
Pearson r =−.377, p = .048, Figure 2). There were no significant
associations between subjective stress, stress-induced neural activ-
ity or between subjective stress and stress-induced HR activity.

Discussion

Mid-adolescence is a critical period for the development of
stress-associated disorders and characterized by vulnerability to
social stressors. We therefore investigated neural response to
acute psychosocial stress in a sample of mid-adolescent individu-
als. Largely in line with our hypothesized regions, results showed
linear activation increases from low to medium to high psychoso-
cial stress levels in the mPFC/ACC, insula, angular gyrus, inferior/
anterior temporal gyrus, and middle occipital gyrus, among other
regions. Caudate and subgenual ACC showed linearly decreasing
activation. Furthermore, stress-related anterior temporal gyrus
activation increase was positively linked to the use of maladaptive
emotion regulation and negatively linked to autonomic arousal. In
contrast to our expectation, adaptive strategies of emotion regula-
tion were not significantly associated with brain responses to
acute stress. Results support the possibility that gender might
not significantly affect the response to psychosocial stress at this
developmental stage.
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Stress-associated pattern of linearly increasing activation

We found increasing activation in mPFC and occipital gyrus and
decreasing activation in the reward system. This general activation
pattern is in line with the findings that were reported by earlier
studies that employed the MIST paradigm in adult participants
(for reviews see Dedovic et al., 2009; Pruessner et al., 2010). In
line with our expectation, the observed neural circuitry of psycho-
social stress in adolescents is similar to adolescents experiencing
the distress of being socially rejected (Masten et al., 2009;
Sebastian et al., 2011; Slavich et al., 2010). We assume that – at
this developmental stage – situations of increased performance
pressure that include negative social feedback may be processed
similarly to situations of social rejection, leading to the same neu-
ral responses. Concordantly, a study by Slavich et al. (2010) high-
lights the overlap between biological systems for social threat and
rejection. They found that in young adults, inflammatory
response to a social stressor was linked to neural responses to
social rejection in the ACC and insula. Moreover, adolescents
show high vigilance to social evaluation and several studies report
that social evaluative situations lead to greater self-consciousness
(for a review see Somerville, 2013). In line with this idea, the
insula is a region known to be involved in visceral and social
pain perception, as well as in negative affect attributions
(Orenius et al., 2017; Phillips, Drevets, Rauch, & Lane, 2003;
Wiech et al., 2010) and represents a key region affected by the
experience of traumatic stress (Stark et al., 2015). Furthermore,

mPFC is believed to serve the processing of affectively important,
self-relevant information in adults and adolescents (Etkin, Egner,
& Kalisch, 2011; Pfeifer & Blakemore, 2012; Romund et al., 2017).

Stress-associated deactivation

Contrary to our hypothesis and earlier MIST studies in adults
(Dedovic et al., 2005; Khalili-Mahani, Dedovic, Engert,
Pruessner, & Pruessner, 2010; Pruessner et al., 2008; Soliman
et al., 2011), we did not find large limbic deactivation. In contrast,
the adolescent stress pattern was largely characterized by pro-
nounced neural activation rather than deactivation. However,
there are also studies in adults using the MIST or similar designs
that did not find the frequently reported limbic deactivation in
adults (Lederbogen et al., 2011; Wang et al., 2005; Zschucke
et al., 2015), and results of several imaging studies show a
mixed pattern of increasing and decreasing neural activation in
limbic areas during psychosocial stress (e.g., Fan et al., 2015;
Grimm et al., 2014). However, the predominance of neural activa-
tion rather than deactivation and, in particular, the activation of
anterior temporal cortices is intriguing and should be explored
in future studies.

Of note, however, increasing intensity of stress was associated
with a cluster of linearly decreasing activation in the caudate
nucleus encompassing the subgenual ACC and reaching into
the medial orbital gyrus. These areas are involved in different

Figure 1. (a) Depiction of significant activation clusters from the contrast high > low stress with flexible factorial analysis of variance (whole brain familywise error
[FWE] corrected with p < .05 at the peak level, k≥ 5 voxels). (b) Depiction of significant activation clusters from the contrast low > high stress with flexible factorial
analysis of variance (same statistical threshold as in (a)). (c) Contrast estimates for peak voxels of the main activation clusters from the flexible factorial analysis of
variance showing stress-associated activation increases (left) or decreases (right). Low = low stress condition; moderate = moderate stress condition; high = high
stress condition; ACC = anterior cingulate cortex; Ins (R) = right insular cortex; Ins (L) = left insular cortex; mid/inf temp =middle/inferior temporal gyrus; angular
= angular gyrus; ant temp = anterior temporal gyrus; caud (R) = right caudate nucleus; caud (L) = left caudate nucleus.
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Table 1. Comparison between high and low stress conditions with flexible factorial analysis of variance

Region H Cluster size (voxels) t (peak) p (peak FWE)

MNI coordinates (peak)

x y z

t contrast: high > low

ACC/mPFC L 817 10.00 <.0001 −3 32 19

L 9.07 <.0001 −6 23 22

L 7.85 <.0001 −6 32 4

Insula R 317 11.51 <.0001 33 17 −11

IFG (pars orbitalis) R 6.47 <.0001 39 32 −11

Middle orbital gyrus R 6.28 <.0001 39 44 −8

Insula L 155 9.51 <.0001 −27 14 −8

IFG (pars orbitalis) L 6.48 <.0001 −30 29 −11

IFG (pars orbitalis) L 6.39 <.0001 −39 26 −8

Angular gyrus L 104 7.25 <.0001 −54 −55 25

Inferior temporal gyrus R 62 8.35 <.0001 57 −10 −26

Middle temporal gyrus R 6.56 <.0001 63 −16 −17

Superior temporal gyrus R 5.42 .011 51 −7 −11

Middle occipital gyrus R 16 5.49 .009 30 −73 28

Anterior temporal gyrus/temporal pole R 13 6.33 .000 54 5 −29

Thalamus R 11 6.22 .001 6 −10 1

Superior occipital gyrus L 10 5.49 .009 −21 −73 40

Middle occipital gyrus L 5.09 .036 −27 −73 31

Middle temporal gyrus R 10 5.60 .006 48 −61 7

t-contrast: low > high

Caudate R 62 6.99 <.0001 9 14 −8

Subgenual ACC R 6.97 <.0001 6 23 −14

Medial orbital gyrus R 6.54 <.0001 21 23 −17

Subgenual ACC/Caudate L 16 7.28 <.0001 −15 23 −11

Note. In bold type, peak voxel coordinates and t values for significant activation clusters at p < .05 familywise error (FWE) corrected across the whole brain, cluster size > 5 voxels; in non-bold
type, peak voxel coordinates and t values of local maxima within significant activation clusters. ACC = anterior cingulate cortex; mPFC =medial prefrontal cortex; H = hemisphere; L = left; R =
right; MNI = Montreal Neurological Institute.

Figure 2. (a) Voxel-wise regression analysis: significant positive correlation between stress-associated anterior temporal gyrus activation and the tendency to use
maladaptive strategies to regulate negative emotions. Depicted are activation clusters after whole brain familywise error (FWE) correction with p < .05 at the peak
level (brain) and extracted parameter estimated from 5 mm sphere around peak (scatter). (b) Significant positive Pearson correlation between stress-associated
temporal gyrus activation and stress-induced increase in HR. +Please note that the correlation between HR and activation cluster in the temporal gyrus peaking at
Montreal Neuroimaging Institute (MNI) 60/−13/−23 did not survive correction for multiple comparisons. Mid/inf temp =middle/inferior temporal gyrus; ant temp =
anterior temporal gyrus; HR = heart rate.
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components of the reward-related neural circuitry in adolescence
(Silverman, Jedd, & Luciana, 2015). This converges with earlier
studies in adults, where reduced reward processing was observed
under stress (Born et al., 2010; Porcelli et al., 2012). Subgenual
ACC moreover plays an important role in affective valuations,
mood states, and depression (Hamani et al., 2011; Holtzheimer
et al., 2017; Laxton et al., 2013). Previous studies also point to
its dysregulation in adolescent depression (Ho et al., 2014,
2015). The largest proportion and peak of this decreasing activa-
tion cluster was, however, located in the right caudate nucleus.
This part of the dorsal striatum is mainly involved in
reward-related learning (Delgado, 2007). Associations between a
response, on the one hand, and reward versus punishment, on
the other, have been found to be represented here (Burton,
Nakamura, & Roesch, 2015; Spreckelmeyer et al., 2009).
Deactivation under psychosocial stress might thus lead to a
decreased association between a response and (social) reward or
punishment when an adolescent is under stress (Porcelli et al.,
2012). In other words, since the caudate is involved in coding
reward prediction during goal-directed behavior (Delgado,
Miller, Inati, & Phelps, 2005; Haruno & Kawato, 2006), the neg-
ative effect of acute stress on caudate activation might indicate a
deterioration of reward expectation and reinforcement of goal-
directed behavior under stress. This interpretation would be in
line with prior studies reporting lower caudate response for
reward anticipation in adolescents with stress-related disorders
(i.e., major depression) (Forbes et al., 2006, 2009). More generally,
acute stress has been shown to reduce reward responsiveness,
which is a promising candidate mechanism linking stressful expe-
rience to depression (Bogdan & Pizzagalli, 2006). Overall, these
results concur with a body of previous adult and animal research
suggesting that exposure to acute stress affects reward sensitivity
(e.g., Cao et al., 2010; Ironside, Kumar, Kang, & Pizzagalli, 2018).

Furthermore, in light of heightened social vulnerability in ado-
lescence (Dahl, 2004; Dahl & Gunnar, 2009), it seems likely that
this effect might be particularly pronounced for psychosocial
stress compared to other kinds of stress. A meta-analysis by
Kogler et al. (2015), which directly compared the effects of psy-
chosocial and physiological stress across tasks, lends support to
this idea. The authors reported that this deactivation of the cau-
date is more strongly associated with acute psychosocial than
physiological stress. In addition, a recent study on the effects of
psychosocial stress on reward processing during adolescence sim-
ilarly observed decreased activation in the dorsal striatum under
acute stress (Lincoln et al., 2019).

The role of anterior temporal gyrus in the adolescent stress
response and its link to emotion regulation

Our results indicate that the anterior temporal gyrus may play a
significant role in the adolescent psychosocial stress response.
Voxel-wise regression showed a positive association with mal-
adaptive emotion regulation. In addition, its activation was
negatively correlated with stress-related autonomic arousal
(HR increase). Adolescents that report using maladaptive strate-
gies such as self-devaluation, aggression or simply giving up
(not responding) more frequently show higher activation of the
anterior temporal gyrus during stress induction. This partly con-
firms our hypothesis by showing that maladaptive emotion regu-
lation strategies are associated with more intense neural stress
response. Contrary to our expectation, regions such as amygdala
or mPFC that are often primarily linked with emotional responses

were not linked to maladaptive strategies. There is, however, sub-
stantive evidence from research in adults suggesting a role of the
anterior temporal gyrus, including the temporal pole, in socio-
emotional processing and regulation (for a review see Olson,
Plotzker, & Ezzyat, 2007). Moreover, a study by McRae et al.
(2012) who compared neural bases of emotion regulation across
the life span found that, compared to children and adults, activa-
tion in the anterior temporal gyrus in adolescents more strongly
serves the purpose of reappraising negative stimuli and emotions.
It is possible that in those adolescents who tentatively revert to
maladaptive strategies to regulate negative affect that arises during
psychosocial stress induction, socio-emotional threat is more
salient and possibly reappraisal facilitated by anterior temporal
gyrus is more effortful, resulting in more intense activation
increase. However, this interpretation is highly speculative and
needs to be further explored in future studies. Moreover, we
should note that in the current type of research, which records
neural activity to an acute stressor, it remains fundamentally chal-
lenging to clearly disambiguate neural reactivity from regulation.
There is no scientific consensus on how and whether these two
can be usefully distinguished (here) at all. Prominent psycholog-
ical perspectives see generation and regulation as closely inter-
twined in these kinds of responses, and not mechanistically
distinguishable from one another. Some might argue that they
can be differentiated by subtle aspects such as whether the indi-
vidual has a sense of agency during the experience or at what
point in time the activity occurs (e.g., at the very beginning of
an emotional episode vs. later on) (Gross & Feldman Barrett,
2011), which can hardly be determined in this type of study
design. It is thus difficult to ultimately conclude whether height-
ened anterior temporal gyrus activation (that was found to be cor-
related with maladaptive emotion regulation habits) reflects
heightened regulatory activity (i.e., reappraisal) or heightened
stress reactivity.

We moreover found a negative correlation between stress-
associated anterior temporal gyrus activation and autonomic
activation. In general, the anterior temporal gyrus has been linked
to autonomic reactivity based on its anatomical connections to the
hypothalamus. For example, temporal gyrus seizures, which consist
of excessive and uncontrolled activity in the temporal gyrus, com-
monly impair autonomic cardiovascular regulation, particularly in
response to stress (e.g., Allendorfer & Szaflarski, 2014; Choudhary
et al., 2017; Weil, Arnold, Eisensehr, & Noachtar, 2005).
Consistent with the current results, the anterior temporal gyrus is
believed to integrate inputs from complex, emotionally evocative
stimuli and to assist with regulating the resulting visceral emotional
responses (Kondo, Saleem, & Price, 2003; Olson et al., 2007).

In contrast to our expectation, we did not observe any correla-
tion between the habit of using adaptive emotion regulation strat-
egies and neural stress responses. Adaptive strategies assessed here
might not have a significant effect on negative emotionality that
was created by the current MIST task, and therefore did not cor-
relate with neural stress. This would be in line with a previous
study by Silk et al. (2003) observing little effect of primary control
strategies, such as problem solving, on feelings of anxiety and
anger during adolescence. Moreover, coping literature suggests
that these strategies are more helpful in stressful situations that
are controllable rather than uncontrollable (Compas,
Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001). It is
also possible that the adaptive strategies measured could not be
sufficiently used. This would be in line with studies finding low
levels of adaptive emotion regulation, and increased use of
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maladaptive emotion regulation during adolescence (Cracco,
Goossens, & Braet, 2017; Zimmermann & Iwanski, 2014). In
addition, adolescents might not have been able to apply strategies
such as cognitive problem solving or humor enhancement (cate-
gorized as adaptive) within the context of the MIST. Future stud-
ies might examine effects of habitual maladaptive and adaptive
strategy use on different kinds of stressors and associated emo-
tional reactions.

Associations between subjective and physiological
(autonomic/neural) stress responses

We did not find a significant association between subjectively
experienced stress and physiological measures (HR/neural activa-
tion). In contrast, an early study on the neural correlates of psy-
chological stress reported a positive correlation between
subjective stress ratings and neural responses in several areas,
including the right ventral PFC, the left insula/putamen, and
the superior temporal gyrus (Wang et al., 2005). However,
while several studies examining neural stress responses to the
MIST report task-related increases in subjective stress
(Boehringer et al., 2015; Grimm et al., 2014; Lederbogen et al.,
2011; Zschucke et al., 2015), very few explicitly examine the cor-
respondence between neural and subjective stress responses. A
study by Ali, Nitschke, Cooperman, and Pruessner (2017)
found that suppression of autonomic and endocrine stress
responses through pharmacological interventions did not lower
participants’ subjective stress responses. This points to a consider-
able dissociation between subjective experience of stress and phys-
iological stress systems. It is also in line with a previous review by
Campbell and Ehlert (2012) that reported an association between
biological and subjective measures in only about one quarter of all
studies. As has previously been suggested (Ali et al., 2017;
Andrews & Pruessner, 2013), this might be due to several meth-
odological issues. Explicit measurements of subjective stress
responses, like the one applied in the current study, are often
not found to be linked with physiological stress responses. A
promising approach towards gaining a better understanding
between subjective stress responses and physiological measures
might be to use implicit measurements, which have been found
to correspond more consistently with biological stress systems
(e.g., Mossink, Verkuil, Burger, Tollenaar, & Brosschot, 2015;
Verkuil, Brosschot, & Thayer, 2014; Wegner, Schüler, Schulz
Scheuermann, Machado, & Budde, 2015).

Strengths and limitations

Finally, we would like to offer some additional considerations
concerning our study. In our approach to study the neural sub-
strates of psychological stress, we assumed that stress induces
tonic changes of neural activity. First, we did not collect endocri-
nological data on activation of the hypothalamic–pituitary–adre-
nal axis or sympathetic nervous system during the psychosocial
stress induction, which is a clear limitation of the current study.
Nonetheless, the MIST task is a well-validated task for psychoso-
cial stress induction and subjective stress ratings, as well as the
increase in HR clearly confirms a pronounced stress response to
the MIST. Furthermore, previous studies have reported baseline
drifts and carry-over effects of stress-induced psychoneurendo-
crine activation (cf. Wang et al., 2005). We therefore followed
Zschucke et al. (2015) and refrained from using a classical
block design BOLD contrast, but rather chose a design of

successively increasing stress levels. However, this might some-
what reduce comparability of the current study with effects of
other studies in adults using more conventional approaches.
Furthermore, when interpreting the present results, we compared
with other studies in adults, since information about acute stress
processing in adolescents is sparse or even absent. Although our
findings indicate a difference in the neural circuitry of acute psy-
chosocial stress and associations with emotion regulation in ado-
lescents versus adults, this assumption must be explored in future
studies considering direct comparisons of adolescents and adults.
Moreover, there was a relatively high amount of movement in our
data, leading to the exclusion of 10 participants from the fMRI
sample and 17 from HR analysis. This is rather typical and
might be related to intrinsic behavioral properties of the sample
in terms of age. Movement artefacts are a common problem in
stress induction paradigms and likely to be more pronounced in
developmental samples. We used a relatively conservative thresh-
old for fMRI correction (whole brain, voxel-wise FWE correction
with p < .05 at the peak level) and conservative exclusion criterion
for HR artefacts to minimize inadvertent effects. Lastly, variance
of the FEEL-KJ data was relatively low, which is likely to have fac-
tored into non-significant results, particularly when analyzing
associations between stress-related neural activations and adaptive
emotion regulation strategies.

Conclusion and Outlook

The neural profile of psychosocial stress highlights the close affin-
ity of psychosocial stress and social rejection experiences for the
individual during mid-adolescence. The extent of pronounced lin-
ear neural activation rather than deactivation, particularly in the
insula, angular, and anterior temporal cortices, emerges when
contrasting with adult MIST studies. Based on observed associa-
tions with maladaptive regulation and autonomic activity, the
anterior temporal gyrus is likely to play a more central role in psy-
chosocial stress processing during mid-adolescence. Its activation
during acute psychosocial stress might facilitate adaptive stress
processing by means of reappraisal and by binding complex
stressors to regulate visceral emotional responses. We speculate
that the usage of maladaptive emotion regulation might increase
the social threat and reappraisal load of an acute psychosocial
stressor. We suggest that future studies should explore the role
of the anterior temporal gyrus in stress buffering during
adolescence.

Overall, neural stress response and processing of associated
emotions during adolescence is likely to impact mental health
over the lifetime (Young, Sandman, & Craske, 2019). For example,
lower temporal gyrus activation to negative emotional stimuli has
been associated with depression during adolescence (Quevedo
et al., 2018). In addition, the reward-mediation model poses that
stress potentiates the risk of depression via impairing reward pro-
cessing (Auerbach, Admon, & Pizzagalli, 2014). Future research
should probe whether neural response to acute psychosocial stress-
ors at this vulnerable developmental stage predicts development of
depression and anxiety disorders and whether dysfunctional strat-
egies to regulate emotions influence this potential link.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0954579421000572

Acknowledgments. We thank students, principals, and teachers, as well as
parents for their cooperation in making this study possible.

S. Golde et al.340

https://doi.org/10.1017/S0954579421000572 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579421000572
https://doi.org/10.1017/S0954579421000572
https://doi.org/10.1017/S0954579421000572


Funding Statement. Funding for this study was provided by the Volkswagen
Foundation (Schumpeter Fellowship, II/84 452). S.G. was supported by a
NeuroCure PhD Fellowship (Deutsche Forschungsgemeinschaft, EXC257).
A.B. and P.P. were in part supported by the German Research Foundation
(DFG, project ID 402170461 – TRR 265). A.B. was additionally in part sup-
ported by the German Ministry for Education and Research (BMBF
01ZX1311E/1611E) and the German Ministry of Health (BMG, ZMVI1-
2516DSM223).

Conflicts of Interest. None.

References

Ali, N., Nitschke, J. P., Cooperman, C., & Pruessner, J. C. (2017). Suppressing
the endocrine and autonomic stress systems does not impact the emotional
stress experience after psychosocial stress. Psychoneuroendocrinology, 78,
125–130. doi:10.1016/j.psyneuen.2017.01.015

Allendorfer, J. B., & Szaflarski, J. P. (2014). Contributions of fMRI towards our
understanding of the response to psychosocial stress in epilepsy and psy-
chogenic nonepileptic seizures. Epilepsy & Behavior, 35, 19–25.
doi:10.1016/j.yebeh.2014.03.023

Andrews, J., & Pruessner, J. C. (2013). The combined propranolol/TSST par-
adigm–a new method for psychoneuroendocrinology. PLoS One, 8, e57567.
doi:10.1371/journal.pone.0057567

Auerbach, R. P., Admon, R., & Pizzagalli, D. A. (2014). Adolescent depression:
Stress and reward dysfunction. Harvard Review of Psychiatry, 22, 139–148.
doi:10.1097/HRP.0000000000000034

Beck, A. T. (1979). Cognitive therapy and the emotional disorders. New York,
NY: Penguin.

Blakemore, S.-J. (2008). The social brain in adolescence. Nature Reviews
Neuroscience, 9, 267–277. doi:10.1038/nrn2353

Boehringer, A., Tost, H., Haddad, L., Lederbogen, F., Wust, S., Schwarz, E., &
Meyer-Lindenberg, A. (2015). Neural correlates of the cortisol awakening
response in humans. Neuropsychopharmacology, 40, 2278–2285.
doi:10.1038/npp.2015.77

Bogdan, R., & Pizzagalli, D. A. (2006). Acute stress reduces reward responsive-
ness: Implications for depression. Biological Psychiatry, 60, 1147–1154.
doi:10.1016/j.biopsych.2006.03.037

Born, J. M., Lemmens, S. G., Rutters, F., Nieuwenhuizen, A. G., Formisano, E.,
Goebel, R., & Westerterp-Plantenga, M. S. (2010). Acute stress and
food-related reward activation in the brain during food choice during eating
in the absence of hunger. International Journal of Obesity, 34, 172–181.
doi:10.1038/ijo.2009.221

Burton, A. C., Nakamura, K., & Roesch, M. R. (2015). From ventral-medial to
dorsal-lateral striatum: Neural correlates of reward-guided decision-making.
Neurobiology of Learning and Memory, 117, 51–59. doi:10.1016/
j.nlm.2014.05.003

Campbell, J., & Ehlert, U. (2012). Acute psychosocial stress: Does the
emotional stress response correspond with physiological responses?
Psychoneuroendocrinology, 37, 1111–1134. doi:10.1016/j.psyneuen.2011.12.010

Cao, J.-L., Covington, H. E., Friedman, A. K., Wilkinson, M. B., Walsh, J. J.,
Cooper, D. C., … Han, M.-H. (2010). Mesolimbic dopamine neurons in
the brain reward circuit mediate susceptibility to social defeat and antide-
pressant action. The Journal of Neuroscience, 30, 16453–16458.
doi:10.1523/jneurosci.3177-10.2010

Carver, C. S., Scheier, M. F., & Weintraub, J. K. (1989). Assessing coping strat-
egies: A theoretically based approach. Journal of Personality and Social
Psychology, 56, 267–283.

Casey, B. J., Heller, A. S., Gee, D. G., & Cohen, A. O. (2019). Development of
the emotional brain. Neuroscience Letters, 693, 29–34. doi:10.1016/
j.neulet.2017.11.055

Casey, B. J., Jones, R. M., Levita, L., Libby, V., Pattwell, S., Ruberry, E., …
Somerville, L. H. (2010). The storm and stress of adolescence: Insights
from human imaging and mouse genetics. Developmental Psychobiology,
52, 225–235. doi:10.1002/dev.20447

Choudhary, N., Deepak, K. K., Chandra, P. S., Bhatia, S., Sagar, R., Jaryal, A.
K., … Tripathi, M. (2017). Comparison of autonomic function before

and after surgical intervention in patients with temporal lobe epilepsy.
Journal of Epilepsy Research, 7, 89–98. doi:10.14581/jer.17014

Compas, B. E., Connor-Smith, J. K., Saltzman, H., Thomsen, A. H., &
Wadsworth, M. E. (2001). Coping with stress during childhood and adoles-
cence: Problems, progress, and potential in theory and research.
Psychological Bulletin, 127, 87–127. doi:10.1037/0033-2909.127.1.87

Cracco, E., Goossens, L., & Braet, C. (2017). Emotion regulation across child-
hood and adolescence: Evidence for a maladaptive shift in adolescence.
European Child & Adolescent Psychiatry, 26, 909–921. doi:10.1007/
s00787-017-0952-8

Cracco, E., Van Durme, K., & Braet, C. (2015). Validation of the FEEL-KJ: An
instrument to measure emotion regulation strategies in children and adoles-
cents. PLoS One, 10(9), e0137080. doi:10.1371/journal.pone.013708.

Dahl, R. E. (2004). Adolescent brain development: A period of vulnerabilities
and opportunities. Keynote address. Annals of the New York Academy of
Sciences, 1021, 1–22. doi:10.1196/annals.1308.001

Dahl, R. E., & Gunnar, M. R. (2009). Heightened stress responsiveness and
emotional reactivity during pubertal maturation: Implications for psychopa-
thology. Development and Psychopathology, 21, 1–6. doi:10.1017/
S0954579409000017

Dedovic, K., D’Aguiar, C., & Pruessner, J. C. (2009). What stress does to your
brain: A review of neuroimaging studies. Canadian Journal of Psychiatry.
Revue Canadienne de Psychiatrie, 54, 6–15. doi:10.1177/070674370905400104

Dedovic, K., Renwick, R., Mahani, N. K., Engert, V., Lupien, S. J., & Pruessner,
J. C. (2005). The Montreal imaging stress task: Using functional imaging to
investigate the effects of perceiving and processing psychosocial stress in the
human brain. Journal of Psychiatry and Neuroscience, 30, 319–325.

Delgado, M. R. (2007). Reward-related responses in the human striatum.
Annals of the New York Academy of Sciences, 1104, 70–88. doi:10.1196/
annals.1390.002

Delgado, M. R., Miller, M. M., Inati, S., & Phelps, E. A. (2005). An fMRI study
of reward-related probability learning. NeuroImage, 24, 862–873.
doi:10.1016/j.neuroimage.2004.10.002

Eiland, L., & Romeo, R. D. (2013). Stress and the developing adolescent brain.
Neuroscience, 249, 162–171. doi:10.1016/j.neuroscience.2012.10.048

Eklund, A., Nichols, T. E., & Knutsson, H. (2016). Cluster failure: Why fMRI
inferences for spatial extent have inflated false-positive rates. Proceedings of
the National Academy of Sciences, 113, 7900–7905. doi:10.1073/
pnas.1602413113

Etkin, A., Egner, T., & Kalisch, R. (2011). Emotional processing in anterior
cingulate and medial prefrontal cortex. Trends in Cognitive Sciences, 15,
85–93. doi:10.1016/j.tics.2010.11.004

Fan, Y., Pestke, K., Feeser, M., Aust, S., Pruessner, J. C., Böker, H., … Grimm,
S. (2015). Amygdala–hippocampal connectivity changes during acute psy-
chosocial stress: Joint effect of early life stress and oxytocin.
Neuropsychopharmacology, 40, 2736–2744. doi:10.1038/npp.2015.123

Forbes, E. E., Christopher May, J., Siegle, G. J., Ladouceur, C. D., Ryan, N. D.,
Carter, C. S., … Dahl, R. E. (2006). Reward-related decision-making in pedi-
atric major depressive disorder: An fMRI study. Journal of Child Psychology
and Psychiatry, 47, 1031–1040. doi:10.1111/j.1469-7610.2006.01673.x

Forbes, E. E., Hariri, A. R., Martin, S. L., Silk, J. S., Moyles, D. L., Fisher, P. M.,
… Dahl, R. E. (2009). Altered striatal activation predicting real-world pos-
itive affect in adolescent major depressive disorder. The American Journal of
Psychiatry, 166, 64–73. doi:10.1176/appi.ajp.2008.07081336

Gärtner, M., Rohde-Liebenau, L., Grimm, S., & Bajbouj, M. (2014).
Working memory-related frontal theta activity is decreased under acute
stress. Psychoneuroendocrinology, 43, 105–113. doi:10.1016/j.psyneuen.
2014.02.009

Gee, D. G., & Casey, B. J. (2015). The impact of developmental timing for
stress and recovery. Neurobiology of Stress, 1, 184–194. doi:10.1016/
j.ynstr.2015.02.001

Gee, D. G., Gabard-Durnam, L., Telzer, E. H., Humphreys, K. L., Goff, B.,
Shapiro, M., … Tottenham, N. (2014). Maternal buffering of human
amygdala-prefrontal circuitry during childhood but not during adolescence.
Psychological Science, 25, 2067–2078. doi:10.1177/0956797614550878

Giedd, J. N. (2004). Structural magnetic resonance imaging of the adolescent
brain. Annals of the New York Academy of Sciences, 1021, 77–85.
doi:10.1196/annals.1308.009

Development and Psychopathology 341

https://doi.org/10.1017/S0954579421000572 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579421000572


Gogtay, N., Giedd, J. N., Lusk, L., Hayashi, K. M., Greenstein, D., Vaituzis, A.
C.,… Thompson, P. M. (2004). Dynamic mapping of human cortical devel-
opment during childhood through early adulthood. Proceedings of the
National Academy of Sciences of the United States of America, 101, 8174–
8179. doi:10.1073/pnas.0402680101

Grimm, S., Pestke, K., Feeser, M., Aust, S., Weigand, A., Wang, J., … Bajbouj,
M. (2014). Early life stress modulates oxytocin effects on limbic system dur-
ing acute psychosocial stress. Social Cognitive and Affective Neuroscience, 9,
1828–1835. doi:10.1093/scan/nsu020

Grob, A., & Smolenski, C. (2005). Fragebogen zur Erhebung der
Emotionsregulation bei Kindern und Jugendlichen (FEEL-KJ). Bern: Verlag
Hans Huber.

Gross, J. J., & Feldman Barrett, L. (2011). Emotion generation and emotion
regulation: One or two depends on your point of view. Emotion Review,
3, 8–16. doi:10.1177/1754073910380974

Gunther Moor, B., van Leijenhorst, L., Rombouts, S. A. R. B., Crone, E. A., &
Van der Molen, M. W. (2010). Do you like me? Neural correlates of social
evaluation and developmental trajectories. Social Neuroscience, 5, 461–482.
doi:10.1080/17470910903526155

Hamani, C., Mayberg, H., Stone, S., Laxton, A., Haber, S., & Lozano, A. M.
(2011). The subcallosal cingulate gyrus in the context of major depression.
Biological Psychiatry, 69, 301–308. doi:10.1016/j.biopsych.2010.09.034

Han, H., & Glenn, A. L. (2017). Evaluating methods of correcting for multiple
comparisons implemented in SPM12 in social neuroscience fMRI studies:
An example from moral psychology. Social Neuroscience, 1–11.
doi:10.1080/17470919.2017.1324521

Haruno, M., & Kawato, M. (2006). Different neural correlates of reward expec-
tation and reward expectation error in the putamen and caudate nucleus
during stimulus-action-reward association learning. Journal of
Neurophysiology, 95, 948–959. doi:10.1152/jn.00382.2005

Henson, R. (2015). Analysis of variance (ANOVA). Brain Mapping, 1, 477–
481. doi:10.1016/B978-0-12-397025-1.00319-5

Hermans, E. J., Henckens, M. J. A. G., Joëls, M., & Fernández, G. (2014).
Dynamic adaptation of large-scale brain networks in response to acute
stressors. Trends in Neurosciences, 37, 304–314. doi:10.1016/
j.tins.2014.03.006

Ho, T. C., Connolly, C. G., Henje Blom, E., LeWinn, K. Z., Strigo, I. A., Paulus,
M. P., … Yang, T. T. (2015). Emotion-dependent functional connectivity of
the default mode network in adolescent depression. Biological Psychiatry,
78, 635–646. doi:10.1016/j.biopsych.2014.09.002

Ho, T. C., Yang, G., Wu, J., Cassey, P., Brown, S. D., Hoang, N., … Yang, T. T.
(2014). Functional connectivity of negative emotional processing in adoles-
cent depression. Journal of Affective Disorders, 155, 65–74. doi:10.1016/
j.jad.2013.10.025

Holtzheimer, P. E., Husain, M. M., Lisanby, S. H., Taylor, S. F., Whitworth, L.
A., McClintock, S., … Mayberg, H. S. (2017). Subcallosal cingulate deep
brain stimulation for treatment-resistant depression: A multisite, rando-
mised, sham-controlled trial. The Lancet Psychiatry, 4, 839–849.
doi:10.1016/S2215-0366(17)30371-1

Ironside, M., Kumar, P., Kang, M.-S., & Pizzagalli, D. A. (2018). Brain mech-
anisms mediating effects of stress on reward sensitivity. Current Opinion in
Behavioral Sciences, 22, 106–113. doi:10.1016/j.cobeha.2018.01.016

Kasper, L., Bollmann, S., Diaconescu, A. O., Hutton, C., Heinzle, J., Iglesias, S.,
… Stephan, K. E. (2017). The PhysIO toolbox for modeling physiological
noise in fMRI data. Journal of Neuroscience Methods, 276, 56–72.
doi:10.1016/j.jneumeth.2016.10.019

Kessler, R. C., & Wang, P. S. (2008). The descriptive epidemiology of com-
monly occurring mental disorders in the United States. Annual Review of
Public Health, 29, 115–129. doi:10.1146/annurev.publhealth.29.020907.
090847

Khalili-Mahani, N., Dedovic, K., Engert, V., Pruessner, M., & Pruessner, J. C.
(2010). Hippocampal activation during a cognitive task is associated with
subsequent neuroendocrine and cognitive responses to psychological stress.
Hippocampus, 20, 323–334. doi:10.1002/hipo.20623

Kogler, L., Müller, V. I., Chang, A., Eickhoff, S. B., Fox, P. T., Gur, R. C., &
Derntl, B. (2015). Psychosocial versus physiological stress — meta-analyses
on deactivations and activations of the neural correlates of stress reactions.
NeuroImage, 119, 235–251. doi:10.1016/j.neuroimage.2015.06.059

Kondo, H., Saleem, K. S., & Price, J. L. (2003). Differential connections of the
temporal pole with the orbital and medial prefrontal networks in macaque
monkeys. Journal of Comparative Neurology, 465, 499–523. doi:10.1002/
cne.10842

Kouzma, N. M., & Kennedy, G. A. (2004). Self-reported sources of stress in
senior high school students. Psychological Reports, 94, 314–316.
doi:10.2466/pr0.94.1.314-316

Kringelbach, M. L. (2005). The human orbitofrontal cortex: Linking reward to
hedonic experience. Nature Reviews Neuroscience, 6, 691–702. doi:10.1038/
nrn1747

Krkovic, K., Clamor, A., & Lincoln, T. M. (2018). Emotion regulation as a pre-
dictor of the endocrine, autonomic, affective, and symptomatic stress
response and recovery. Psychoneuroendocrinology, 94, 112–120.
doi:10.1016/j.psyneuen.2018.04.028

Kullik, A., & Petermann, F. (2013). Attachment to parents and peers as a risk
factor for adolescent depressive disorders: The mediating role of emotion
regulation. Child Psychiatry & Human Development, 44, 537–548.
doi:10.1007/s10578-012-0347-5

Laxton, A. W., Neimat, J. S., Davis, K. D., Womelsdorf, T., Hutchison, W. D.,
Dostrovsky, J. O., … Lozano, A. M. (2013). Neuronal coding of implicit
emotion categories in the subcallosal cortex in patients with depression.
Biological Psychiatry, 74, 714–719. doi:10.1016/j.biopsych.2013.03.029

LeBlanc, S., Essay, C. A., & Ollendick, T. H. (2017). In C. A. Essay, S. LeBlanc
& T. H. Ollendick (Eds.), Emotion regulation and psychopathology. Oxford:
Oxford University Press.

Lederbogen, F., Kirsch, P., Haddad, L., Streit, F., Tost, H., Schuch, P., …
Meyer-Lindenberg, A. (2011). City living and urban upbringing affect neu-
ral social stress processing in humans. Nature, 474, 498–501. doi:10.1038/
nature10190

Lincoln, S. H., Pisoni, A., Bondy, E., Kumar, P., Singleton, P., Hajcak, G., …
Auerbach, R. P. (2019). Altered reward processing following an acute social
stressor in adolescents. PLoS One, 14, e0209361. doi:10.1371/
journal.pone.0209361

Lupien, S. J., Maheu, F., Tu, M., Fiocco, A., & Schramek, T. E. (2007). The
effects of stress and stress hormones on human cognition: Implications
for the field of brain and cognition. Brain and Cognition, 65, 209–237.
doi:10.1016/j.bandc.2007.02.007

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of
stress throughout the lifespan on the brain, behaviour and cognition.
Nature Reviews Neuroscience, 10, 434–445. doi:10.1038/nrn2639

Masten, C. L., Eisenberger, N. I., Borofsky, L. A., Pfeifer, J. H., McNealy, K.,
Mazziotta, J. C., & Dapretto, M. (2009). Neural correlates of social exclusion
during adolescence: Understanding the distress of peer rejection. Social
Cognitive and Affective Neuroscience, 4, 143–157. doi:10.1093/scan/nsp007

McFarquhar, M. (2019). Modeling group-level repeated measurements of neu-
roimaging data using the univariate general linear model. Frontiers in
Neuroscience, 13, 352. doi:10.3389/fnins.2019.00352

McRae, K., Gross, J. J., Weber, J., Robertson, E. R., Sokol-Hessner, P., Ray, R.
D., … Ochsner, K. N. (2012). The development of emotion regulation: An
fMRI study of cognitive reappraisal in children, adolescents and young
adults. Social Cognitive and Affective Neuroscience, 7, 11–22. doi:10.1093/
scan/nsr093

Mossink, J. C. L., Verkuil, B., Burger, A. M., Tollenaar, M. S., & Brosschot, J. F.
(2015). Ambulatory assessed implicit affect is associated with salivary cor-
tisol. Frontiers in Psychology, 6. doi:10.3389/fpsyg.2015.00111

Nasso, S., Vanderhasselt, M. A., Demeyer, I., & De Raedt, R. (2018).
Autonomic regulation in response to stress: The influence of anticipatory
emotion regulation strategies and trait rumination. Emotion, doi:10.1037/
emo0000448

Nelson, E. E., Leibenluft, E., McClure, E. B., & Pine, D. S. (2005). The social
re-orientation of adolescence: A neuroscience perspective on the process
and its relation to psychopathology. Psychological Medicine, 35, 163–174.
doi:10.1017/S0033291704003915

Noack, H., Nolte, L., Nieratschker, V., Habel, U., & Derntl, B. (2019). Imaging
stress: An overview of stress induction methods in the MR scanner. Journal
of Neural Transmission, doi:10.1007/s00702-018-01965-y

Nolen-Hoeksema, S., & Aldao, A. (2011). Gender and age differences in emo-
tion regulation strategies and their relationship to depressive symptoms.

S. Golde et al.342

https://doi.org/10.1017/S0954579421000572 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579421000572


Personality and Individual Differences, 51, 704–708. doi:10.1016/
j.paid.2011.06.012

Oei, N. Y. L., Veer, I. M., Wolf, O. T., Spinhoven, P., Rombouts, S. A. R. B., &
Elzinga, B. M. (2012). Stress shifts brain activation towards ventral “affec-
tive” areas during emotional distraction. Social Cognitive and Affective
Neuroscience, 7, 403–412. doi:10.1093/scan/nsr024

Oldfield, R. C. (1971). The assessment and analysis of handedness: The
Edinburgh inventory. Neuropsychologia, 9, 97–113. doi:10.1016/0028-3932
(71)90067-4

Olson, I. R., Plotzker, A., & Ezzyat, Y. (2007). The enigmatic temporal pole: A
review of findings on social and emotional processing. Brain, 130, 1718–
1731. doi:10.1093/brain/awm052

Orenius, T. I., Raij, T. T., Nuortimo, A., Näätänen, P., Lipsanen, J., & Karlsson,
H. (2017). The interaction of emotion and pain in the insula and secondary
somatosensory cortex. Neuroscience, 349, 185–194. doi:10.1016/
j.neuroscience.2017.02.047

Paus, T., Keshavan, M., & Giedd, J. N. (2008). Why do many psychiatric disor-
ders emerge during adolescence? Nature Reviews Neuroscience, 9, 947–957.

Pfeifer, J. H., & Blakemore, S.-J. (2012). Adolescent social cognitive and affec-
tive neuroscience: Past, present, and future. Social Cognitive and Affective
Neuroscience, 7, 1–10. doi:10.1093/scan/nsr099

Phillips, M. L., Drevets, W. C., Rauch, S. L., & Lane, R. (2003). Neurobiology of
emotion perception I: The neural basis of normal emotion perception.
Biological Psychiatry, 54, 504–514. doi:10.1016/S0006-3223(03)00168-9

Platt, B., Kadosh, K. C., & Lau, J. Y. F. (2013). The role of peer rejection in
adolescent depression. Depression and Anxiety, 30, 809–821. doi:10.1002/
da.22120

Porcelli, A. J., Lewis, A. H., & Delgado, M. R. (2012). Acute stress influences
neural circuits of reward processing. Frontiers in Neuroscience, 6, 157.
doi:10.3389/fnins.2012.00157

Pruessner, J. C., Dedovic, K., Khalili-Mahani, N., Engert, V., Pruessner, M.,
Buss, C., … Lupien, S. J. (2008). Deactivation of the limbic system during
acute psychosocial stress: Evidence from positron emission tomography
and functional magnetic resonance imaging studies. Biological Psychiatry,
63, 234–240. doi:10.1016/j.biopsych.2007.04.041

Pruessner, J. C., Dedovic, K., Pruessner, M., Lord, C., Buss, C., Collins, L., …
Lupien, S. J. (2010). Stress regulation in the central nervous system:
Evidence from structural and functional neuroimaging studies in human
populations – 2008 Curt Richter award winner. Psychoneuroendocrinology,
35, 179–191. doi:10.1016/j.psyneuen.2009.02.016

Quevedo, K., Harms, M., Sauder, M., Scott, H., Mohamed, S., Thomas, K. M.,
… Smyda, G. (2018). The neurobiology of self face recognition among
depressed adolescents. Journal of Affective Disorders, 229, 22–31.
doi:10.1016/j.jad.2017.12.023

Romeo, R. D. (2010). Adolescence: A central event in shaping stress reactivity.
Developmental Psychobiology, 52, 244–253. doi:10.1002/dev.20437

Romeo, R. D., & McEwen, B. S. (2007). Stress and the adolescent brain. Annals
of the New York Academy of Sciences, 1094, 202–214. doi:10.1196/
annals.1376.022

Romund, L., Golde, S., Lorenz, R. C., Raufelder, D., Pelz, P., Gleich, T., …
Beck, A. (2017). Neural correlates of the self-concept in adolescence—A
focus on the significance of friends. Human Brain Mapping, 38, 987–996.
doi:10.1002/hbm.23433

Saarni, C., Campos, J. J., Camras, L. A., & Witherington, D. (2006). Emotional
development: Action, communication, and understanding. Hoboken, NJ,
USA: John Wiley & Sons Inc.

Schäfer, JÖ, Naumann, E., Holmes, E. A., Tuschen-Caffier, B., & Samson, A. C.
(2017). Emotion regulation strategies in depressive and anxiety symptoms
in youth: A meta-analytic review. Journal of Youth and Adolescence, 46,
261–276. doi:10.1007/s10964-016-0585-0

Sebastian, C. L., Tan, G. C. Y., Roiser, J. P., Viding, E., Dumontheil, I., &
Blakemore, S.-J. (2011). Developmental influences on the neural bases of
responses to social rejection: Implications of social neuroscience for educa-
tion. NeuroImage, 57, 686–694. doi:10.1016/j.neuroimage.2010.09.063

Sebastian, C. L., Viding, E., Williams, K. D., & Blakemore, S.-J. (2010). Social
brain development and the affective consequences of ostracism in adoles-
cence. Brain and Cognition, 72, 134–145. doi:10.1016/j.bandc.2009.06.008

Selemon, L. D. (2013). A role for synaptic plasticity in the adolescent develop-
ment of executive function. Translational Psychiatry, 3, e238. doi:10.1038/
tp.2013.7

Shapero, B. G., Stange, J. P., McArthur, B. A., Abramson, L. Y., & Alloy, L. B.
(2019). Cognitive reappraisal attenuates the association between depressive
symptoms and emotional response to stress during adolescence. Cognition
and Emotion, 33, 524–535. doi:10.1080/02699931.2018.1462148

Silk, J. S., Steinberg, L., & Morris, A. S. (2003). Adolescents’ emotion regula-
tion in daily life: Links to depressive symptoms and problem behavior.
Child Development, 74, 1869–1880. doi:10.1046/j.1467-8624.2003.00643.x

Silverman, M. H., Jedd, K., & Luciana, M. (2015). Neural networks involved in
adolescent reward processing: An activation likelihood estimation meta-
analysis of functional neuroimaging studies. NeuroImage, 122, 427–439.
doi:10.1016/j.neuroimage.2015.07.083

Silvers, J. A., Insel, C., Powers, A., Franz, P., Helion, C., Martin, R. E., …
Ochsner, K. N. (2017). vlPFC–vmPFC–amygdala interactions underlie
age-related differences in cognitive regulation of emotion. Cerebral Cortex,
27, 3502–3514. doi:10.1093/cercor/bhw073

Slavich, G. M., Way, B. M., Eisenberger, N. I., & Taylor, S. E. (2010). Neural
sensitivity to social rejection is associated with inflammatory responses to
social stress. Proceedings of the National Academy of Sciences, 107,
14817–14822. doi:10.1073/pnas.1009164107

Soliman, A., O’Driscoll, G. A., Pruessner, J., Joober, R., Ditto, B., Streicker, E.,
… Dagher, A. (2011). Limbic response to psychosocial stress in schizotypy:
A functional magnetic resonance imaging study. Schizophrenia Research,
131, 184–191. doi:10.1016/j.schres.2011.05.016

Somerville, L. H. (2013). The teenage brain: Sensitivity to social evaluation.
Current Directions in Psychological Science, 22, 121–127. doi:10.1177/
0963721413476512

Somerville, L. H., Whalen, P. J., & Kelley, W. M. (2010). Human bed nucleus of
the stria terminalis indexes hypervigilant threat monitoring. Biological
Psychiatry, 68, 416–424. doi:10.1016/j.biopsych.2010.04.002

Spreckelmeyer, K. N., Krach, S., Kohls, G., Rademacher, L., Irmak, A., Konrad,
K., … Gründer, G. (2009). Anticipation of monetary and social reward dif-
ferently activates mesolimbic brain structures in men and women. Social
Cognitive and Affective Neuroscience, 4, 158–165. doi:10.1093/scan/nsn051

Stark, E. A., Parsons, C. E., Van Hartevelt, T. J., Charquero-Ballester, M.,
McManners, H., Ehlers, A., … Kringelbach, M. L. (2015). Post-traumatic
stress influences the brain even in the absence of symptoms: A systematic,
quantitative meta-analysis of neuroimaging studies. Neuroscience &
Biobehavioral Reviews, 56, 207–221. doi:10.1016/j.neubiorev.2015.07.007

Stevens, N. R., Gerhart, J., Goldsmith, R. E., Heath, N. M., Chesney, S. A., &
Hobfoll, S. E. (2013). Emotion regulation difficulties, low social support,
and interpersonal violence mediate the link between childhood abuse and
posttraumatic stress symptoms. Behavior Therapy, 44, 152–161.
doi:10.1016/j.beth.2012.09.003

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition.
Monographs of the Society for Research in Child Development, 59, 25–52.
doi:10.2307/1166137

Tottenham, N., & Galván, A. (2016). Stress and the adolescent brain:
Amygdala-prefrontal cortex circuitry and ventral striatum as developmental
targets. Neuroscience & Biobehavioral Reviews, 70, 217–227. doi:10.1016/
j.neubiorev.2016.07.030

Van Leijenhorst, L., Zanolie, K., Van Meel, C. S., Westenberg, P. M.,
Rombouts, S. A. R. B., & Crone, E. A. (2010). What motivates the adoles-
cent? Brain regions mediating reward sensitivity across adolescence.
Cerebral Cortex, 20, 61–69. doi:10.1093/cercor/bhp078

van Oort, J., Tendolkar, I., Hermans, E. J., Mulders, P. C., Beckmann, C. F., Schene,
A. H., … van Eijndhoven, P. F. (2017). How the brain connects in response to
acute stress: A review at the human brain systems level. Neuroscience &
Biobehavioral Reviews, 83, 281–297. doi:10.1016/j.neubiorev.2017.10.015

Verkuil, B., Brosschot, J. F., & Thayer, J. F. (2014). Cardiac reactivity to and
recovery from acute stress: Temporal associations with implicit anxiety.
International Journal of Psychophysiology, 92, 85–91. doi:10.1016/
j.ijpsycho.2014.03.002

Walker, D. M., Bell, M. R., Flores, C., Gulley, J. M., Willing, J., & Paul, M. J.
(2017). Adolescence and reward: Making sense of neural and behavioral

Development and Psychopathology 343

https://doi.org/10.1017/S0954579421000572 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579421000572


changes amid the chaos. The Journal of Neuroscience, 37, 10855–10866.
doi:10.1523/jneurosci.1834-17.2017

Wang, J., Rao, H., Wetmore, G. S., Furlan, P. M., Korczykowski, M., Dinges, D.
F., & Detre, J. A. (2005). Perfusion functional MRI reveals cerebral blood
flow pattern under psychological stress. Proceedings of the National
Academy of Sciences of the United States of America, 102, 17804–17809.
doi:10.1073/pnas.0503082102

Wegner, M., Schüler, J., Schulz Scheuermann, K., Machado, S., & Budde, H.
(2015). The implicit power motive and adolescents’ salivary cortisol
responses to acute psychosocial stress and exercise in school. CNS &
Neurological Disorders – Drug Targets, 14, 1219–1224. doi:10.2174/
1871527315666151111123122

Weil, S., Arnold, S., Eisensehr, I., & Noachtar, S. (2005). Heart rate increase in
otherwise subclinical seizures is different in temporal versus extratemporal
seizure onset: Support for temporal lobe autonomic influence. Epileptic
Disorders, 7, 199–204.

Wiech, K., Lin, C.-s., Brodersen, K. H., Bingel, U., Ploner, M., & Tracey, I.
(2010). Anterior insula integrates information about salience into

perceptual decisions about pain. The Journal of Neuroscience, 30, 16324–
16331. doi:10.1523/jneurosci.2087-10.2010

Young, S. K., Sandman, F. C., & Craske, G. M. (2019). Positive and negative
emotion regulation in adolescence: Links to anxiety and depression. Brain
Sciences, 9), doi:10.3390/brainsci9040076

Zeman, J., Klimes-Dougan, B., Cassano, M., & Adrian, M. (2007).
Measurement issues in emotion research with children and adolescents.
Clinical Psychology: Science and Practice, 14, 377–401. doi:10.1111/
j.1468-2850.2007.00098.x

Zimmermann, P., & Iwanski, A. (2014). Emotion regulation from early adoles-
cence to emerging adulthood and middle adulthood: Age differences,
gender differences, and emotion-specific developmental variations.
International Journal of Behavioral Development, 38, 182–194. doi:10.
1177/0165025413515405

Zschucke, E., Renneberg, B., Dimeo, F., Wüstenberg, T., & Ströhle, A. (2015).
The stress-buffering effect of acute exercise: Evidence for HPA axis negative
feedback. Psychoneuroendocrinology, 51, 414–425. doi:10.1016/j.psyneuen.
2014.10.019

S. Golde et al.344

https://doi.org/10.1017/S0954579421000572 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579421000572

	S0954579421000870a
	An integrative evolutionary framework for psychopathology
	Evolution and the Etiology of Mental Disorders
	The Life History Framework
	Life history strategies and the fast--slow paradigm
	From life history strategies to psychopathology

	The FSD Model
	An illustration: Autism and schizophrenia

	FSD versus HiTOP: A Comparison
	The meaning of the &ldquo;p factor&rdquo;

	Conclusion
	References


	S0954579421000493a
	Three-variable systems: An integrative moderation and mediation framework for developmental psychopathology
	Introduction
	Basic Conceptual Perspectives and Analytic Approaches for Vulnerability Factors
	A Third Variable that is Both a Moderator and a Mediator
	Parental externalizing psychopathology, harsh parenting, and offspring externalizing
	Neuroticism, stressful life events, and depression

	Myths about Moderation and Mediation
	Recommendations for Simultaneously Testing Moderation and Mediation in a Three-Variable System
	Guides for Statistical Implementation
	Important Considerations, Limitations, and Alternative Models
	Conclusions
	References


	S0954579421000778a
	Examining the intergenerational transmission of parental invalidation: Extension of the biosocial model
	Overview of the Biosocial Model -- Invalidating Environment
	Intergeneration Transmission of Parenting Behaviors
	Potential Mechanisms Underlying the Transmission of Parenting Behaviors
	Gender-specific pathways of intergenerational transmission of invalidation
	Indirect effect -- difficulties in emotion regulation

	Specific Aims and Hypotheses
	Method
	Participants
	Procedure
	Measures
	Demographic data form
	Invalidating Childhood Environment Scale (Mountford et al., 2007)
	Difficulties in Emotion Regulation Scale (Gratz &'; Roemer, 2004)


	Results
	Preliminary analyses
	Path analysis
	Association between parental invalidating behaviors across generations
	Partner effect on parental invalidating behaviors


	Discussion
	References


	S0954579421000766a
	Prenatal maternal stress during the COVID-19 pandemic and infant regulatory capacity at 3 months: A longitudinal study
	Introduction
	The present study

	Method
	Participants and procedures
	Measures
	Prenatal measures, T0
	Neonatal measures, T1
	Postnatal measures, T2

	Plan of analysis

	Results
	Discussion
	Limitations

	Conclusions and implications
	Acknowledgments
	References


	DPP-2100143_online
	Advancing research on early autism through an integrated risk and resilience perspective
	ASD models focused on risk and deficit
	Deficit model
	Familial ASD risk and the HR infant sibling studies
	Phenotypic heterogeneity
	Shifting focus to integrate resilience processes

	A developmental systems resilience framework
	Defining resilience for developmental science
	Dual threat in ASD

	Charting ASD risk and adaptation through a resilience lens
	Risk in ASD
	Criteria for adaptive function in ASD
	Diagnosis-oriented criteria
	Dimensional criteria


	Resilience in ASD: Predictors of positive development in the context of risk
	Promotive processes in early ASD
	Protective processes in early ASD

	Considering the female protective (and promotive) effect
	Lower ASD risk and neurodevelopmental vulnerability
	Developmental advantages or assets that counter or compensate for ASD risk
	Buffering effects that modulate the effects of risk on outcomes
	Future research for investigating female protection and promotion

	Additional evidence for potential protective and promotive processes in ASD
	Future directions for integrated risk-and-resilience studies of early ASD
	Establishing key multilevel markers and processes of positive functioning
	Investigating developmental pathways, sensitive periods, and cascades
	Reframing existing findings
	Varying ASD risk context
	ASD-specific versus general processes

	Conclusions
	References


	S0954579421000596a
	Parent couple conflict and emotional and behavioral problems in youth with autism: Longitudinal investigation of bidirectional effects
	Current Study
	Method
	Participants
	Procedure
	Measures
	Family sociodemographics
	Parent couple conflict (PCC)
	Youth emotional and behavioral problems (EBPs)

	Data analysis plan

	Results
	Preliminary analyses
	Cross-lagged panel model (CLPM)

	Discussion
	Study Strengths, Limitations, and Future Directions
	Study Implications
	Acknowledgment
	References


	S0954579421000845a
	Associations between cortical thickness and anxious/depressive symptoms differ by the quality of early care
	Early Adversities, Brain Development, and Mental Health Outcomes
	Cortical Morphology Alterations and Anxious/Depressive Symptoms
	Cortical thickness
	Cortical surface area

	The Present Study
	Method and Materials
	Sample
	Procedure
	Image acquisition and processing
	Quality control of the MRI images

	Measures
	Demographics
	Anxious/depressive symptoms
	Child Behavioral Checklist -- anxious/depressed subscale (CBCL A/D)
	Brief Symptom Inventory (BSI)

	Statistical analyses

	Results
	Demographics
	Preliminary analyses
	Primary analyses
	Risk status and anxious/depressive (A/D) symptom interaction in predicting cortical morphology
	Cortical thickness
	Cortical surface area


	Secondary analyses

	Discussion
	Strengths and Limitations
	Acknowledgments
	References


	DPP-2100144_online
	Functional connectivity based brain signatures of behavioral regulation in children with ADHD, DCD, and ADHD-DCD
	Introduction
	Methods and materials
	Participants
	Recruitment and screening
	Neuropsychological assessment for diagnosis
	Final sample

	Behavioral regulation assessment
	MRI data acquisition parameters
	MRI data preprocessing
	Head motion and physiological confound mitigation procedure
	Analysis of demographic, diagnostic, and behavioral measures
	Analysis of fMRI data
	Assessment of specificity to behavioral regulation

	Results
	Sample characteristics
	Transdiagnostic functional connectivity associated with behavioral regulation
	Specificity to behavioral regulation

	Discussion
	References


	S095457942100078Xa
	Biological sensitivity to context as a dyadic construct: An investigation of child--parent RSA synchrony among low-SES youth*
	Introduction
	Parenting and Youth Externalizing and Internalizing Problems
	The Biological Sensitivity to Context Theory and Respiratory Sinus Arrhythmia
	Coregulation and Physiological Synchrony
	Considering Physiological Synchrony as a BSC Factor
	Additional Advances in Testing BSC Theory
	Developmental significance of synchrony during preadolescence
	Multilevel modeling of valence in synchrony
	Full spectrum of parenting

	The Present Study
	Method
	Participants
	Procedures

	Measures
	Parent--child conflict task (T1)
	Youth internalizing and externalizing problems (T1 &'; T2)
	Physiological data acquisition of RSA (T1)
	Demographics and SES

	Analytic Plan
	Results
	Preliminary analyses
	Multilevel SEM model result

	Discussion
	Limitations and Strengths
	References


	S0954579421000614a
	Accelerated epigenetic aging at birth interacts with parenting hostility to predict child temperament and subsequent psychological symptoms
	Method
	Participants
	Measures collected during pregnancy
	Demographic information

	Measures collected at birth
	Child methylation
	Cell subtypes
	Gestational age
	Demographic covariates

	Measures collected at 6 months
	Hostile parenting
	Infant temperament

	Measures collected at 3 years
	Child psychological symptoms



	Data Analytic Plan
	Results
	Methylation and hostility predicting temperament at 6 months
	Methylation and hostility predicting psychopathology symptoms at 3 years
	Controlling for child temperament

	Discussion
	Acknowledgments
	References


	S095457942100047Xa
	Behaviors in kindergarten are associated with trajectories of long-term welfare receipt: A 30-year population-based study
	Introduction
	Limitations of existing research
	Aims

	Method
	Participants
	Outcome variables
	Behavioral predictors and control variables
	Statistical analyses

	Results
	Trajectories of welfare receipt
	Association of behavior with welfare trajectories

	Discussion
	Explanatory pathways
	Study implications
	Strengths and limitations
	Summary

	Acknowledgment
	References


	S095457942100050Xa
	Associations between HPA axis reactivity and PTSD and depressive symptoms: Importance of maltreatment type and puberty
	Links Between the Stress System and Mental Health
	Moderators of the Link Between HPA Axis and Mental Health
	Maltreatment type
	Pubertal development

	The Current Study
	Method
	Participants
	Recruitment

	Attrition
	Procedure
	Stress paradigm and saliva collection

	Measures
	Cortisol
	Maltreatment classification
	Pubertal Development Scale
	Depressive symptoms
	PTSD
	Covariates


	Data Analysis
	Results
	Descriptives
	Path models: Total sample by maltreatment type
	Stratification by pubertal status
	Prepubertal
	Pubertal


	Discussion
	Limitations
	Conclusions
	References


	DPP-2100139_online
	Developmental pathways from child maltreatment to adolescent pregnancy: A multiple mediational model
	Introduction
	Child maltreatment
	Explanatory mechanisms
	Substance use behavior
	Sexual risk behaviors (SRBs)
	Pregnancy desires and expectations
	Internalizing symptom
	Age at menarche
	Cognitive dysregulation

	Multiplicity of mediating pathways
	Present study

	Method
	Measures
	Child maltreatment
	Cognitive dysregulation
	Depressive symptoms
	PTSD symptoms
	Pregnancy desires and expectations
	Substance use (polysubstance use and substance use frequency)
	Age at menarche
	Sexual risk behavior
	Adolescent pregnancy/childbirth
	Covariates

	Data analytic plan

	Results
	Preliminary analyses
	Structural model
	Specific indirect effects

	Subtype analysis

	Discussion
	Direct effect of CM
	Indirect effects
	Nonsignificant indirect pathways
	Substance use (polysubstance use and use frequency)
	Pregnancy desires and expectancies

	Unexplained variance
	Subtype-specific pathways
	Implications
	Prevention of AP
	Implications for treatment

	Strengths and limitations

	Conclusion
	References


	S0954579421000663a
	Child abuse and automatic emotion regulation in children and adolescents
	Method
	Sample
	Measures
	Child abuse
	Internalizing psychopathology
	Behavioral tasks

	Statistical analysis

	Results
	Child abuse severity and automatic emotion regulation
	Childhood abuse severity and cognitive control
	Automatic emotion regulation and internalizing psychopathology
	Cognitive control and internalizing psychopathology

	Discussion
	References


	S0954579421000857a
	The interplay of childhood maltreatment and maternal depression in relation to the reward positivity in youth
	Early Life Adversity and Reward Processing
	Maternal Depression and Reward Processing in Youth
	Diathesis--Stress/Dual-Risk Perspective
	The Present Study
	Method
	Participants and procedures
	Self-report measures
	Childhood maltreatment history
	Youth depressive symptoms

	Reward responsiveness task
	Doors reward

	EEG data acquisition and processing
	Data analytic plan

	Results
	Demographic characteristics

	Discussion
	Limitations
	Conclusion
	Acknowledgments
	References


	S0954579421000833a
	Allostasis and metastasis: The yin and yang of childhood self-regulation
	Introduction
	&ldquo;Passive viewer&rdquo; approaches to the regulation of emotion and cognition
	Two dynamical principles
	Real-world examples of metastasis

	Actor--Environment
	Allostatic mechanisms
	Metastatic mechanisms

	Actor--Actor
	Allostatic mechanisms
	Metastatic mechanisms

	Outstanding Questions
	Allostasis
	Metastasis

	Dynamical Methods for Quantifying AttentionxArousalxEnvironmental Interactions
	Quantifying how the coupling between variables changes over time
	Differentiating allostatic from metastatic coupling

	Conclusions
	Acknowledgment
	References


	S0954579421000821a
	Beyond orchids and dandelions: Susceptibility to environmental influences is not bimodal
	
Developmental plasticity: Two types of people?
	Developmental plasticity: Two types of people?
	Domain specific or domain general?
	Temperament and developmental plasticity
	Genetic make-up and developmental plasticity
	Identifying susceptible children via influence statistics
	Current study

	Method
	Participants
	Overview of data collection
	Measures
	Child-care predictors
	Quantity
	Center care proportion
	Quality

	Family predictors
	Parenting
	Income to needs ratio
	Partner
	Maternal depression
	Maternal education

	&frac12;-year child outcomes
	Behavior problems
	Social competence
	Preacademic skills
	Language competence
	Short-term memory

	Infant temperament
	Genotyping
	Statistical analysis

	Results
	Preliminary analysis: Data-reduction
	Primary analysis 1: Distribution of susceptibility
	Primary analysis 2: Interrelation of susceptibility effects
	Primary analysis 3: Temperament, genotype, and susceptibility

	Discussion
	Distribution of susceptibility
	Interrelation of susceptibility effects
	Temperament, genotype, and susceptibility

	Conclusion
	References


	S0954579421000602a
	Socialization processes within adolescents&rsquo; relationships with parents and peers predicting couples&rsquo; intimate partner violence in adulthood: A social learning perspective
	Introduction
	Dyadic IPV and longitudinal family and peer predictors
	Violent behaviors, substance use, and sexual risk taking as mediators
	Gender differences in IPV
	The current study

	Method
	Sample
	Procedure
	Measures
	Antisocial behavior (T1 covariate, ages 16--17 years)
	Sexual activity (T1 covariate, ages 16--17 years)
	Substance use (T1 covariate, ages 16--17 years, and T2 mediator, ages 22--23 years)
	Intimate partner violence (T2 covariate, ages 22--23 years)
	Family conflict (T1, ages 16--17 years)
	Coercive relationship talk (T1, ages 16--17 years)
	Violent behavior (T2, ages 22--23 years)
	Substance use (T2, ages 22--23 years)
	High-risk sexual behavior (T2, ages 22--23 years)
	Dyadic IPV (T3, ages 28--30 years)

	Analysis plan

	Results
	Dyadic IPV
	Sensitivity analyses: IPV perpetration and victimization

	Discussion
	Limitations
	Concluding Statement
	References


	DPP-2100149_online
	Neural effects of controllability as a key dimension of stress exposure
	Introduction
	Method
	Participants
	Procedure
	Clinical assessment to determine eligibility
	Prescan assessments and training

	Stressor controllability fMRI tasks (``Balloon Game'' and ``Egg Game'')
	Task design
	Task versions


	MRI
	MRI acquisition parameters
	fMRI preprocessing
	fMRI analyses
	Individual-level analyses
	Whole-brain general linear model analyses
	Multivariate pattern analysis



	Results
	Whole-brain general linear model analysis
	MVPA

	Discussion
	Limitations and future directions

	References


	DPP-2100145_online
	Indirect aggression, anxiety, and empathy: Disaggregating between and within person longitudinal associations during childhood and adolescence
	Developmental trends of aggression and anxiety
	Theoretical models of aggression and anxiety
	The role of empathy
	Current study
	Method
	Participants
	Procedure
	Measures
	Indirect aggression
	Anxiety symptoms
	Empathic concern
	Control variables

	Analytic plan

	Results
	Missing data and descriptive statistics
	Autoregressive latent trajectory model with structured residuals
	Between-person associations
	Within-person associations


	Discussion
	Between-person associations
	Within-person associations
	Limitations

	Conclusions
	References


	DPP-2100146_online
	Improving parenting, child attachment, and externalizing behaviors: Meta-analysis of the first 25 randomized controlled trials on the effects of Video-feedback Intervention to promote Positive Parenting and Sensitive Discipline
	Methods
	Literature search
	Coding system
	Meta-analytic procedures

	Results
	Quality of the studies
	VIPP-SD effects on sensitive parenting and discipline
	VIPP-SD effects on parenting attitudes
	VIPP-SD effects on child attachment
	VIPP-SD effects on externalizing behaviors
	Parental sensitivity and child attachment

	Discussion
	Limitations
	How strong are the VIPP-SD effects?
	Future Directions
	In search of the mechanisms of change

	References


	S0954579421000523a
	Early co-occurrence of peer victimization and aggression
	Theoretical Framework Guiding the Focus on Heterogeneity
	Developmental Patterns of Peer Victimization and Aggression
	Peer victimization
	Peer aggression

	Developmental Co-occurrence of Peer Victimization and Aggression
	Correlates of Co-occurring Peer Victimization and Aggression
	Psychopathology
	Peer social status
	Aggressive social cognitions

	The Current Study
	Method
	Participants
	Procedures
	Measures
	Peer victimization
	Peer aggression
	Psychopathology
	Peer social status
	Aggressive social cognitions


	Missing Data
	Data Analysis Plan
	Results
	Preliminary data analysis
	Accelerated latent growth mixture modeling
	Latent growth mixture models
	Sequential process LGMMs

	Multinomial logistic regression analysis
	Relational models
	Overt models


	Discussion
	Heterogeneity in the developmental trends of peer victimization and aggression (Aim 1)
	Co-0ccurring trajectories of peer victimization and aggression (Aim 2)
	Psychopathology, peer, and social--cognitive risks (Aim 3)

	Limitations and Future Directions
	Acknowledgments
	References


	S0954579421000481a
	Primary and secondary callous--unemotional traits in adolescence are associated with distinct maladaptive and adaptive outcomes in adulthood
	
Maladaptive outcomes
	Maladaptive outcomes
	Adaptive outcomes

	The Present Study
	Method
	Participants and procedure
	Measures
	Covariates (kindergarten)
	Clustering variables (Grade 7)
	CU traits
	Anxiety symptoms

	Validating variables (Grade 7)
	Psychopathology
	Parent--child conflict

	Adult outcomes (age 25 years)
	Psychopathology
	Substance use
	Any problem
	Sexual behavior
	Partner violence
	Criminal offenses
	Wellbeing and health
	Education and employment


	Data analyses

	Results
	Grouping and validating variables
	Outcome variables
	Maladaptive outcomes
	Adaptive outcomes

	Sex differences
	Maladaptive outcomes
	Adaptive outcomes


	Discussion
	Maladaptive outcomes
	Adaptive outcomes
	Sex differences
	Strengths and limitations

	Implications and Conclusion
	Acknowledgments
	References


	S0954579421000584a
	Self-control and cooperation in childhood as antecedents of less moral disengagement in adolescence
	Moral Disengagement and Its Antecedents
	Self-control
	Cooperation

	Present Study and Hypothesis
	Method
	Participants
	Measures
	Self-control
	Cooperation
	Moral disengagement
	Covariates

	Data analysis plan
	Robustness check
	Missing data


	Results
	Preliminary analysis
	Main analysis
	Development of self-control as an antecedent of less moral disengagement
	Development of self-control in middle childhood
	Self-control as an antecedent of less moral disengagement

	Development of cooperation as an antecedent of less moral disengagement
	Development of cooperation in middle childhood
	Cooperation as an antecedent of less moral disengagement

	Robustness check

	Discussion
	Self-control during middle childhood as an antecedent of less moral disengagement
	Cooperation during middle childhood as an antecedent of less moral disengagement
	Commonalities and differences in self-control and cooperation models

	Limitations and Conclusion
	Acknowledgments
	References


	S0954579421000675a
	Common infectious morbidity and white blood cell count in middle childhood predict behavior problems in adolescence
	Method
	Study design and population
	Baseline information
	Follow-up

	Laboratory methods
	Data analysis
	Outcomes
	Exposures

	Statistical analysis

	Results
	Morbidity in middle childhood and internalizing problems in adolescence
	Morbidity in middle childhood and externalizing problems in adolescence
	Inflammatory biomarkers in middle childhood and internalizing problems in adolescence
	Inflammatory biomarkers in middle childhood and externalizing problems in adolescence

	Discussion
	References


	S0954579421000535a
	Profiles of early family environments and the growth of executive function: Maternal sensitivity as a protective factor
	Developmental Trajectories of EF in Early Family Environments
	Socioeconomic and neighborhood environments shaping trajectories of EF development
	Maternal mental health symptoms shaping trajectories of EF development

	Profiles of Early Family Environments and Child EF
	Interactions between Early Family Profiles and Maternal Sensitivity in Predicting Developmental Trajectories of EF
	The Current Study
	Method
	Participants
	Procedures
	Measures
	Indicators of early family environments
	Maternal marital status
	Maternal education
	Income-to-needs ratio
	Occupational prestige
	Health insurance
	Learning materials
	Economic strain
	Residential crowding
	Neighborhood safety
	Maternal mental health symptoms

	Maternal sensitivity
	Child executive function (EF)
	Covariates

	Missing data
	Analytic plan

	Results
	Preliminary analyses
	Unconditional LGC of EF
	Early family profiles predicting the intercept and growth of EF

	Discussion
	Early family profiles of SES and maternal mental health
	Early family profiles and developmental trajectories of EF
	Interactions between early family profiles and maternal sensitivity in predicting developmental trajectories of EF
	Limitations and future directions

	Conclusions
	Acknowledgments
	References


	S0954579421000572a
	Adolescents&rsquo; neural reactivity to acute psychosocial stress: dysfunctional regulation habits are linked to temporal gyrus response
	Introduction
	Method
	Participants and procedure
	Emotion regulation strategies
	Psychosocial stress task
	Subjective and autonomic stress response measures
	Statistical analysis of behavioral and autonomic stress measures
	fMRI acquisition
	fMRI data processing and analysis
	Preprocessing
	Single subject analysis
	Group analysis


	Results
	Subjective and autonomic stress response validation, emotion regulation statistics
	Whole brain stress-induced neural activation
	Post-hoc correlations: Neural activation areas, HR and subjective response

	Discussion
	Stress-associated pattern of linearly increasing activation
	Stress-associated deactivation
	The role of anterior temporal gyrus in the adolescent stress response and its link to emotion regulation
	Associations between subjective and physiological (autonomic/neural) stress responses
	Strengths and limitations

	Conclusion and Outlook
	Acknowledgments
	References


	S0954579421000626a
	Trajectories of depression and anxiety symptoms over time in the transition to university: Their co-occurrence and the role of self-critical perfectionism
	
Temporal patterns of change in depression and anxiety symptoms over time
	Temporal patterns of change in depression and anxiety symptoms over time
	Perfectionism as a predictor of temporal patterns of depressive and anxiety symptoms

	Overview of the Present Research
	Method
	Participants and procedure
	Measures
	Self-critical perfectionism
	Personal standards perfectionism
	Depressive symptoms
	Anxiety symptoms
	Neuroticism

	Data analytic approach

	Results
	Preliminary analysis
	Trajectory of depressive and anxiety symptoms separately
	LCGA for depressive and anxiety symptoms simultaneously
	Perfectionism as a predictor of class membership

	Discussion
	Trajectories of depressive and anxiety symptoms
	Role of self-critical perfectionism
	Limitations and future directions

	Conclusion
	References


	DPP-2100152_online
	Psychological well-being in midlife following early childhood intervention
	temp:book:Section1_2
	Present study part I: Early childhood intervention and later PW
	PW
	PW across groups
	PW and early childhood intervention


	Present study part II: Investigation of mechanisms
	The 5HM
	Cognitive-scholastic advantage
	Family support behavior
	School and community support
	Motivational advantage
	Socioemotional adjustment
	Interplay across mechanisms


	Method
	Sample and design
	Procedure

	Measures
	Age 35-37 outcomes

	Part I: Early childhood intervention and later PW
	CPC intervention
	Sex
	Race/ethnicity
	Low birthweight
	Neighborhood poverty
	Early ACEs (ages zero to five)
	Early sociodemographic risk (ages zero to three)

	Subgroups
	Sex
	Early sociodemographic risk
	Early ACEs

	Part II: Investigation of mechanisms
	Socioemotional adjustment
	Cognitive-scholastic advantage
	Family support behavior
	School and community support
	Motivational advantage
	Educational attainment
	Criminal justice system involvement in adulthood

	Data analysis plan
	Attrition correction

	Part I: Early childhood intervention and later PW (questions 1 and 2)
	Part II: Investigation of mechanisms (questions 3 and 4)

	Results
	Sample representativeness
	PW descriptive statistics
	Part I: Investigation of linkages between early childhood education and PW
	Full sample (Table 6)

	Part II: Investigation of mechanisms
	Full Sample
	Sex
	Early ACEs (Tables 8 and 9; Figure 4)
	Early sociodemographic risk (Tables 8 and 9; Figure 5)


	Discussion
	Part I: Investigation of linkages between early childhood education and PW
	Sex
	Early ACEs
	Early sociodemographic risk

	Part II: Investigation of mechanisms
	By sex (Figure 3)
	By early ACE status (Figure 4)
	By early sociodemographic risk (Figure 5)
	Summary across subgroups


	Strengths and limitations
	Strengths
	Limitations

	Future directions
	Research
	Intervention and public policy

	References


	DPP-2100138_online
	Childhood adversity and co-occurring post-traumatic stress and externalizing symptoms among a predominantly low-income, African American sample of early adolescents
	Examining patterns of PTS and externalizing symptoms
	Sex differences

	Current study
	Method
	Settings and participants
	Procedures
	Measures of violent and nonviolent childhood adversity
	Measures of PTS symptoms
	Measures of externalizing symptoms
	Data analysis

	Results
	Descriptive statistics
	Model fit indices for PTS-externalizing symptoms subgroups
	Description of the four-profile solution
	Subgroup differences in childhood adversity
	Community violence
	Nonviolent, negative life events


	Discussion
	Childhood adversity and patterns of co-occurring symptoms
	Future directions
	Limitations
	Conclusions

	References


	S095457942100081Xa
	Interplay between genetic risk and the parent environment in adolescence and substance use in young adulthood: A TRAILS study
	Introduction
	Method
	Participants
	Genotyping
	Polygenic scores
	Measures
	Analyses

	Results
	Measurement model
	Structural equation models
	Smoking factor
	Alcohol per week
	Cannabis initiation


	Discussion
	Main effects of genetic and parent factors
	Polygenic scores
	Parental involvement and the parent--child relationship
	Parental substance use
	Age and sex

	Gene x Environment interaction (GxE)
	Gene--environment correlation (rGE)
	Strengths and limitations

	Conclusions and Future Directions
	Acknowledgments
	References


	S0954579421000808a
	Timing of childhood adversities and self-injurious thoughts and behaviors in adolescence
	Method
	Childhood adversity
	Physical abuse/sexual abuse/emotional maltreatment/neglect/substance use
	Divorce and separation
	Incarceration
	Death
	Foster care
	Homelessness
	Witnessed violence
	Childhood adversities composite
	Self-harm and suicide
	Demographics
	Data analytic plan

	Results
	Descriptive statistics
	Primary outcomes: Self-reported SITB at 16&emsp14;years
	Secondary outcomes
	Parent-reported SITB at 16&emsp14;years
	Self- and parent-reported SITB at 12&emsp14;years


	Discussion
	Strengths
	Limitations
	Future directions

	Conclusion
	Acknowledgments
	References


	S0954579421000791a
	Associations of observed callous--unemotional behaviors in early childhood with conduct problems and substance use over 14 years
	Methods
	Participants
	Measures
	Observed CU behaviors
	Empathy
	Active disregard
	Guilt affect
	Prosocial behavior
	Psychiatric diagnoses and severity
	Substance use

	Data analytic plan

	Results
	Observed CU behaviors predicting subsequent conduct problems and substance use onset

	Discussion
	References


	DPP-2100147_ONLINE
	Reducing suicide risk in parentally bereaved youth through promoting effective parenting: testing a developmental cascade model
	Parenting as a protective factor targeted by the FBP
	Theory-based proximal mediators associated with suicide risk
	Conceptualization of the three-path model
	The current study
	Methods
	Participants
	Procedures
	Measures
	Distal outcome
	Posttest mediator
	Theory-based mediators at the 6 years follow-up

	Analysis

	Results
	Discussion
	References


	DPP-2100148_online
	Developmental inflection point for the effect of maternal childhood adversity on children's mental health from childhood to adolescence: Time-varying effect of gender differences
	Intergenerational influences of maternal childhood adversity: An unexplored developmental inflection point
	Gender differences
	Current study
	Method
	Study design and sample
	Measures
	Maternal childhood adversity
	Child behavior
	Covariates
	Analysis


	Results
	Time-varying effects of maternal childhood adversity on children's internalizing and externalizing problems from childhood to adolescence
	Time-varying maternal childhood adversity and gender interactions

	Discussion
	Limitations and strengths
	Implications

	Conclusions
	References


	DPP-2100143_online.pdf
	Advancing research on early autism through an integrated risk and resilience perspective
	ASD models focused on risk and deficit
	Deficit model
	Familial ASD risk and the HR infant sibling studies
	Phenotypic heterogeneity
	Shifting focus to integrate resilience processes

	A developmental systems resilience framework
	Defining resilience for developmental science
	Dual threat in ASD

	Charting ASD risk and adaptation through a resilience lens
	Risk in ASD
	Criteria for adaptive function in ASD
	Diagnosis-oriented criteria
	Dimensional criteria


	Resilience in ASD: Predictors of positive development in the context of risk
	Promotive processes in early ASD
	Protective processes in early ASD

	Considering the female protective (and promotive) effect
	Lower ASD risk and neurodevelopmental vulnerability
	Developmental advantages or assets that counter or compensate for ASD risk
	Buffering effects that modulate the effects of risk on outcomes
	Future research for investigating female protection and promotion

	Additional evidence for potential protective and promotive processes in ASD
	Future directions for integrated risk-and-resilience studies of early ASD
	Establishing key multilevel markers and processes of positive functioning
	Investigating developmental pathways, sensitive periods, and cascades
	Reframing existing findings
	Varying ASD risk context
	ASD-specific versus general processes

	Conclusions
	References


	DPP-2100144_online.pdf
	Functional connectivity based brain signatures of behavioral regulation in children with ADHD, DCD, and ADHD-DCD
	Introduction
	Methods and materials
	Participants
	Recruitment and screening
	Neuropsychological assessment for diagnosis
	Final sample

	Behavioral regulation assessment
	MRI data acquisition parameters
	MRI data preprocessing
	Head motion and physiological confound mitigation procedure
	Analysis of demographic, diagnostic, and behavioral measures
	Analysis of fMRI data
	Assessment of specificity to behavioral regulation

	Results
	Sample characteristics
	Transdiagnostic functional connectivity associated with behavioral regulation
	Specificity to behavioral regulation

	Discussion
	References


	DPP-2100139_online.pdf
	Developmental pathways from child maltreatment to adolescent pregnancy: A multiple mediational model
	Introduction
	Child maltreatment
	Explanatory mechanisms
	Substance use behavior
	Sexual risk behaviors (SRBs)
	Pregnancy desires and expectations
	Internalizing symptom
	Age at menarche
	Cognitive dysregulation

	Multiplicity of mediating pathways
	Present study

	Method
	Measures
	Child maltreatment
	Cognitive dysregulation
	Depressive symptoms
	PTSD symptoms
	Pregnancy desires and expectations
	Substance use (polysubstance use and substance use frequency)
	Age at menarche
	Sexual risk behavior
	Adolescent pregnancy/childbirth
	Covariates

	Data analytic plan

	Results
	Preliminary analyses
	Structural model
	Specific indirect effects

	Subtype analysis

	Discussion
	Direct effect of CM
	Indirect effects
	Nonsignificant indirect pathways
	Substance use (polysubstance use and use frequency)
	Pregnancy desires and expectancies

	Unexplained variance
	Subtype-specific pathways
	Implications
	Prevention of AP
	Implications for treatment

	Strengths and limitations

	Conclusion
	References


	DPP-2100149_online.pdf
	Neural effects of controllability as a key dimension of stress exposure
	Introduction
	Method
	Participants
	Procedure
	Clinical assessment to determine eligibility
	Prescan assessments and training

	Stressor controllability fMRI tasks (``Balloon Game'' and ``Egg Game'')
	Task design
	Task versions


	MRI
	MRI acquisition parameters
	fMRI preprocessing
	fMRI analyses
	Individual-level analyses
	Whole-brain general linear model analyses
	Multivariate pattern analysis



	Results
	Whole-brain general linear model analysis
	MVPA

	Discussion
	Limitations and future directions

	References


	DPP-2100145_online.pdf
	Indirect aggression, anxiety, and empathy: Disaggregating between and within person longitudinal associations during childhood and adolescence
	Developmental trends of aggression and anxiety
	Theoretical models of aggression and anxiety
	The role of empathy
	Current study
	Method
	Participants
	Procedure
	Measures
	Indirect aggression
	Anxiety symptoms
	Empathic concern
	Control variables

	Analytic plan

	Results
	Missing data and descriptive statistics
	Autoregressive latent trajectory model with structured residuals
	Between-person associations
	Within-person associations


	Discussion
	Between-person associations
	Within-person associations
	Limitations

	Conclusions
	References


	DPP-2100146_online.pdf
	Improving parenting, child attachment, and externalizing behaviors: Meta-analysis of the first 25 randomized controlled trials on the effects of Video-feedback Intervention to promote Positive Parenting and Sensitive Discipline
	Methods
	Literature search
	Coding system
	Meta-analytic procedures

	Results
	Quality of the studies
	VIPP-SD effects on sensitive parenting and discipline
	VIPP-SD effects on parenting attitudes
	VIPP-SD effects on child attachment
	VIPP-SD effects on externalizing behaviors
	Parental sensitivity and child attachment

	Discussion
	Limitations
	How strong are the VIPP-SD effects?
	Future Directions
	In search of the mechanisms of change

	References


	DPP-2100152_online.pdf
	Psychological well-being in midlife following early childhood intervention
	temp:book:Section1_2
	Present study part I: Early childhood intervention and later PW
	PW
	PW across groups
	PW and early childhood intervention


	Present study part II: Investigation of mechanisms
	The 5HM
	Cognitive-scholastic advantage
	Family support behavior
	School and community support
	Motivational advantage
	Socioemotional adjustment
	Interplay across mechanisms


	Method
	Sample and design
	Procedure

	Measures
	Age 35-37 outcomes

	Part I: Early childhood intervention and later PW
	CPC intervention
	Sex
	Race/ethnicity
	Low birthweight
	Neighborhood poverty
	Early ACEs (ages zero to five)
	Early sociodemographic risk (ages zero to three)

	Subgroups
	Sex
	Early sociodemographic risk
	Early ACEs

	Part II: Investigation of mechanisms
	Socioemotional adjustment
	Cognitive-scholastic advantage
	Family support behavior
	School and community support
	Motivational advantage
	Educational attainment
	Criminal justice system involvement in adulthood

	Data analysis plan
	Attrition correction

	Part I: Early childhood intervention and later PW (questions 1 and 2)
	Part II: Investigation of mechanisms (questions 3 and 4)

	Results
	Sample representativeness
	PW descriptive statistics
	Part I: Investigation of linkages between early childhood education and PW
	Full sample (Table 6)

	Part II: Investigation of mechanisms
	Full Sample
	Sex
	Early ACEs (Tables 8 and 9; Figure 4)
	Early sociodemographic risk (Tables 8 and 9; Figure 5)


	Discussion
	Part I: Investigation of linkages between early childhood education and PW
	Sex
	Early ACEs
	Early sociodemographic risk

	Part II: Investigation of mechanisms
	By sex (Figure 3)
	By early ACE status (Figure 4)
	By early sociodemographic risk (Figure 5)
	Summary across subgroups


	Strengths and limitations
	Strengths
	Limitations

	Future directions
	Research
	Intervention and public policy

	References


	DPP-2100138_online.pdf
	Childhood adversity and co-occurring post-traumatic stress and externalizing symptoms among a predominantly low-income, African American sample of early adolescents
	Examining patterns of PTS and externalizing symptoms
	Sex differences

	Current study
	Method
	Settings and participants
	Procedures
	Measures of violent and nonviolent childhood adversity
	Measures of PTS symptoms
	Measures of externalizing symptoms
	Data analysis

	Results
	Descriptive statistics
	Model fit indices for PTS-externalizing symptoms subgroups
	Description of the four-profile solution
	Subgroup differences in childhood adversity
	Community violence
	Nonviolent, negative life events


	Discussion
	Childhood adversity and patterns of co-occurring symptoms
	Future directions
	Limitations
	Conclusions

	References


	DPP-2100147_online.pdf
	Reducing suicide risk in parentally bereaved youth through promoting effective parenting: testing a developmental cascade model
	Parenting as a protective factor targeted by the FBP
	Theory-based proximal mediators associated with suicide risk
	Conceptualization of the three-path model
	The current study
	Methods
	Participants
	Procedures
	Measures
	Distal outcome
	Posttest mediator
	Theory-based mediators at the 6 years follow-up

	Analysis

	Results
	Discussion
	References


	DPP-2100148_online.pdf
	Developmental inflection point for the effect of maternal childhood adversity on children's mental health from childhood to adolescence: Time-varying effect of gender differences
	Intergenerational influences of maternal childhood adversity: An unexplored developmental inflection point
	Gender differences
	Current study
	Method
	Study design and sample
	Measures
	Maternal childhood adversity
	Child behavior
	Covariates
	Analysis


	Results
	Time-varying effects of maternal childhood adversity on children's internalizing and externalizing problems from childhood to adolescence
	Time-varying maternal childhood adversity and gender interactions

	Discussion
	Limitations and strengths
	Implications

	Conclusions
	References





