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Mood and Neural Responses to Social Rejection Do not Seem to Be Altered in Resilient

Adolescents with a History of Adversity

Abstract
Childhood adversity (CA) increases the risk of subsequent mental health problems.
Adolescent social support (from family and/or friends) reduces the risk of mental health
problems after CA. However, the mechanisms of this effect remain unclear and we
speculate that they are manifested on neurodevelopmental levels. Therefore, we
investigated whether family and/or friendship support at age 14 and 17 function as
intermediate variables for the relationship between CA before age 11 and affective or
neural responses to social rejection feedback at age 18. We studied 55 adolescents with
normative mental health at age 18 (26 with CA and therefore considered ‘resilient’), from a
longitudinal cohort. Participants underwent a Social Feedback Task in the MRI scanner.
Social rejection feedback activated the dorsal Anterior Cingulate Cortex (dACC) and the left
anterior Insula (Al). CA did not predict affective or neural responses to social rejection at age
18. Yet, CA predicted better friendships at age 14 and age 18, when adolescents with and
without CA had comparable mood levels. Thus, adolescents with CA and normative mood
levels have more adolescent friendship support and seem to have normal mood and neural

responses to social rejection.
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mental health resilience, social support, social rejection, anterior insula, dorsal anterior
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Social Rejection Responsivity after Adversity 2

Introduction

Over half of the Western population has been exposed to at least one type of
childhood adversity (CA; US National Comorbidity Replication Survey; Greif Green et al.,
2010). Facing adversities in childhood is a serious environmental hazard with deleterious
mental health consequences across the lifespan (Gilbert et al., 2009; Kessler, Davis, &
Kendler, 1997). Various studies have shown that CA is associated with an increased
vulnerability to the development of psychopathology (Greif Green et al., 2010; Kessler et al.,
2010) and that individuals with a history of CA are prone to suffer from cognitive, emotional
and social difficulties (Cicchetti, 2013; Cicchetti & Rogosch, 1997; Spinhoven et al., 2010;
Walsh, Dawson, & Mattingly, 2010). For example, those exposed to CA are more likely to
experience social rejection (e.g. emotional and physical bullying; van Harmelen et al., 2016).
However, not all individuals who face adversity develop mental illnesses, and thus are
characterized as ‘mentally healthy’ or ‘resilient’ (Afifi & MacMillan, 2011; J. Fritz, de Graaff,
Caisley, van Harmelen, & Wilkinson, 2018).

Mental health following adversity is facilitated by various so-called ‘resilience’ or
‘protective’ factors, including biological (e.g. genes), intra-individual (e.g. distress tolerance),
family (e.g. family support) and community factors (e.g. friendship support; J. Fritz et al.,
2018; loannidis, Askelund, & van Harmelen, 2017; Kalisch et al., 2017). However, it is unclear
what the neural mechanisms of these protective factors are (Cicchetti, 2013; Sippel,
Pietrzak, Charney, Mayes, & Southwick, 2015). An improved understanding of the factors
that decrease adolescents’ vulnerability to daily life stress, such as social rejection, is crucial
in order to reduce the risk of mental and neural vulnerability to the development of mental

illnesses after CA.
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Social Rejection Responsivity after Adversity 3

Social support significantly decreases the probability of negative mental health
consequences in individuals with a history of CA. However, individuals who have been
exposed to CA seem to experience less social support during adolescence and young
adulthood than their peers without a history of adversity (e.g. Horan & Widom, 2015; Miller
et al., 2014; Sperry & Widom, 2013). The definition of social support can encompass various
environmental layers, ranging from intimate/family, to friendship, to community support,
up to international support networks (Sippel et al., 2015). Some studies have suggested that
support from both friends and family contribute to the protective effect of social support
(Horan & Widom, 2015; Runtz & Schallow, 1997; van Harmelen et al., 2016). More
specifically, both friendship and family support have been found to reduce the risk of
subsequent psychopathology (Dion et al., 2016; Folger & O’Dougherty Wright, 2013; Horan
& Widom, 2015; Runtz & Schallow, 1997; Sperry & Widom, 2013; van Harmelen et al.,
2016). However, it is as yet unknown what the mechanisms are through which social
support increases resilience following CA. One potential account is that social support
increases resilience by decreasing adolescents’ vulnerability to social stress, such as social
rejection.

Several recent reviews consistently concluded that, at the neural level, social
rejection is associated with activation in the (dorsal) Anterior Cingulate Cortex ((d)ACC) and
the (anterior) Insula ((A)!) (Cacioppo et al., 2013; Kawamoto, Ura, & Nittono, 2015; Wang,
Braun, & Enck, 2017). Moreover, our recent study showed that in late adolescence and
young adulthood, the Al and the dACC may be implicated in responsivity to social evaluation
even more broadly, as those regions were similarly activated during social rejection and
acceptance feedback (Dalgleish et al., 2017). The Al and the dACC are suggested to be

particularly important for the detection and the appraisal of adverse social situations
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Social Rejection Responsivity after Adversity 4

(Kawamoto et al., 2015). More specifically, the Insula is known to be involved in cognitive
control, emotion, motivation and pain (Wager & Feldman Barrett, 2017), whereas the dACC
is associated with the evaluation and specification of control (Shenhav, Cohen, & Botvinick,
2016). Importantly, CA is associated with altered neural responses to social rejection (Wang
et al., 2017). For example, adolescents with a history of chronic social rejection experiences
in childhood displayed increased dACC and dorsal medial PFC responsivity (van Harmelen et
al., 2014; Will, van Lier, Crone, & Giiroglu, 2016), and lower dACC, dorsolateral PFC, inferior
parietal cortex and insula cortex responsivity was observed in those with adverse loss and
separation experiences in childhood (Puetz et al., 2014). As altered neural responsivity to
social rejection is associated with later depressive symptoms (Masten et al., 2011), altered
neural responsivity to social rejection in those with a history of CA may further increase the
vulnerability to psychopathology (cf. latent vulnerability theory; McCrory & Viding, 2015).

Studies exploring the putative protective effect of social support on social rejection
responsivity showed that social support is associated with decreased responsivity in the
(anterior) Insula (Masten, Telzer, Fuligni, Lieberman, & Eisenberger, 2012; Onoda et al.,
2009) and the dACC (Eisenberger, Gable, & Lieberman, 2007; Masten et al., 2012). Thus,
social support may facilitate healthy neural functioning through its impact on Al and dACC
responsivity to social rejection. However, it remains unknown whether adolescent family
and friendship support similarly reduces responsivity to social rejection in individuals with a
history of CA.

Here, we aimed to examine whether adolescent social support reduces neural
responsivity to social rejection following the exposure to CA. Due to ongoing social and
neural development during adolescence (Casey, Getz, & Galvan, 2008; Crone & Dahl, 2012;

Crone & Elzinga, 2015), the protective effects of social support may vary across adolescence.
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Social Rejection Responsivity after Adversity 5

Therefore, we examined social support during early, as well as late, adolescence. The
proposed study was conducted in a representative subsample (N = 55) of the longitudinal
ROOTS cohort (N = 1238; Goodyer, Croudace, Dunn, Herbert, & Jones, 2010). In a previous
report in the larger ROOTS cohort, we found that family support mediated, but not
moderated, the relationship between CA and depressive symptoms (van Harmelen et al.,
2016). Accordingly, we investigated here whether early and/or late adolescent family and
friendship support function as intermediate variables for the relationship between CA and
(affective and/or neural) responsivity to later social rejection. The investigated ROOTS
subsample only included adolescents without recent psychiatric disorder episodes at age 18,
which makes it more likely that the assessment of affective and neural responsivity to social
rejection is not confounded by concurrent psychopathological symptoms. We used path
models to examine whether family and/or friendship support at age 14 and age 17 function
as intermediate variables for the relationship between CA before age 11 and affective (i.e.

mood ratings) or neural responses (i.e. Al and dACC responses) to social rejection at age 18.

We expected that:

e higher levels of CA would be associated with lower levels of social support
(i.e. friendship and family support)

e higher levels of social support would be associated with lower affective (i.e.
negative mood) and neural (i.e. Al and dACC) responsivity to social rejection,
in both adolescents with and without CA

e and explored whether social support would additionally mediate the
presumably positive relationship between CA and affective and/or neural

responsivity to social rejection
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Social Rejection Responsivity after Adversity 6

Methods

Design

Participants were recruited from the longitudinal ROOTS study (Goodyer et al.,
2010). The ROOTS study has the main aim of measuring risk and resilience factors across
adolescence and young adulthood, in a large population sample which is drawn from
schools in Cambridgeshire. The study included 1238 adolescents (674 girls = 54.4%, 564 boys
=45.6%). All adolescents have been assessed at the age of 14 and 17. A detailed study
description can be found in Goodyer and colleagues (2010). A representative subsample
from ROOTS (‘ROOTS MRI sub-study’: N = 67, Mage 18.6, SD = .67, 31 females) underwent
MRI scanning at age 18. The subsample was selected based on presence versus absence of
CA (see below for details) and the 5-HTTLPR genotype (i.e. s/s or I/ homozygotes; see Walsh
et al., 2012 for details). Inclusion criteria for the ROOTS MRI sub-study were an adequate
level of the English language and normal or corrected-to-normal vision. Exclusion criteria
included a recent psychiatric disorder episode (based on the Axis 1 disorder classification of
the Diagnostic and Statistical Manual of Mental Disorders IV Text Revision (DSM-IV-TR);
American Psychiatric Association, 2000), any experience with unconsciousness inducing
neurological traumata or recent neurological conditions, recent usage of psychotropic
medication, severe learning disabilities, and metal implants. Excluding potential participants
with recent psychiatric disorder episode was based on a preliminary phone screening as well
as on a more thorough mental health screening at the first in-unit assessment (i.e. using the

Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children — Present
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and Lifetime Version; Kaufman et al., 1997). The study was approved by the Cambridgeshire
Research Ethics Committee and performed in line with Good Clinical Practice principles and
the Declaration of Helsinki. All participants received monetary imbursement for their

partaking.

Sample

Fifty-nine individuals from the MRI sub-study completed the Social Feedback Task in
the scanner. However, for one participant there were technical problems with the imaging
acquisition and three participants indicated that they did not believe the paradigm used.
Therefore, the current analyses were conducted in 55 participants (25 females, 30 males).
Thirty-two of the participants belonged to the ‘wealthy/urban prosperity’ socio-economic
status (SES) group, 14 to the ‘comfortably off’ SES group and nine to the ‘moderate
means/hard-pressed’ SES group. Further sample characteristics are depicted in Table 1. The
current sample did not differ from the remaining ROOTS sample in terms of age (U=28,p =
.99), gender (U =36, p=.17), SES (U = 31, p = .59), friendship support (U = 24, p = .56),
family support (U = 19, p = .24), recent negative life events (U = 24, p = .84), prior psychiatric
history (U = 28, p = .88), self-esteem (U = 24, p = .93), mood (U = 25, p = .88), and 5-HTTLPR

genotype (U =32, p = .45).

<TABLE ONE HERE>

Childhood Adversity (CA)
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Social Rejection Responsivity after Adversity 8

CA was assessed with the Cambridge Early Experiences Interview (CAMEEI; Dunn et
al., 2011; Goodyer et al., 2010). The CAMEEI is a semi-structured interview, which assesses
intra-family adverse events prior to the age of 14 (Goodyer et al., 2010). The interview was
retrospectively performed with a primary caregiver, which was in 96% of the cases the
biological mother. The CAMEEI was found to have an adequate inter-rater reliability (n = 48,
kappa 0.7 to 0.9; Goodyer et al., 2010). In line with our previous reports on this sample
(Walsh et al., 2012, 2014), presence of CA in the current sample was defined as (a) family
discord, (b) sexual abuse, (c) physical abuse, and/or (d) emotional abuse before the age of
11 (see Appendix A for further details). Family discord was specified as conflict and/or
incidental violence within the family, as well as lack of communication and engagement
within the family (clustered in mild, moderate and severe). Importantly, only adolescents
with a history of family discord that was classified as having a significant impact on daily life
(see Appendix A for details) were included in the CA group. Twenty-one of the 26
adolescents with a history of CA were exposed to family discord, two were exposed to
family discord and potential emotional abuse, two were exposed to family discord, potential
emotional as well as potential physical abuse, and one participant was primarily exposed to
potential physical abuse. CA versus no-CA groups did not differ in age, gender, SES, 1Q,
previous psychiatric history, or 5-HTTLPR genotype (see Table 2). The CA group did report
higher depressive symptoms at age 17, but not at age 14, nor at age 18. In both groups, the
minority of adolescents had at some point in life psychopathological symptoms (i.e.
previous psychiatric history), yet, all adolescents had no recent psychiatric disorder episode
at age 18 (i.e. as this was an inclusion criterion, this ensured that the assessment of affective
and neural responsivity to social rejection is unlikely to be confounded by concurrent

psychopathology). Hence, at age 18 the group of adolescents with a history of CA had
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Social Rejection Responsivity after Adversity 9

normative, or good, mental health, and could be considered as functioning resiliently (i.e.

good mental health despite adversity; J. Fritz et al., 2018; Kalisch et al., 2017).

<TABLE TWO HERE>

Friendship Support

The Cambridge Friendship Questionnaire (CFQ; Goodyer, Wright, & Altham, 1989;
van Harmelen et al., 2017) contains 8 items and was utilized to assess perceived friendship
support. The self-report CFQ is based on a semi-structured interview and includes the
following components: Satisfaction with the number of friends, frequency of contact,
faithfulness of relationships, teasing, conflicts, and general satisfaction with friendship
quality. Five items were rated on 4-point scale and three items on a 6-point scale. A higher
total score indicates higher satisfaction with friendships. The CFQ was found to have a good
external validity, and an acceptable test-retest reliability (kappa = .80; van Harmelen et al.,

2017).

Family Support

The McMaster Family Assessment Device — General Functioning Scale (FAD-GF;
Epstein, Baldwin, & Bishop, 1983; Miller, Epstein, Bishop, & Keitner, 1985; Ridenour, Daley,
& Reich, 1999) was utilized to assess the family environment in adolescence (‘family
support’).The FAD-GF is a 12-item self-report questionnaire that assesses successful
planning and problem solving, openness and trust, feeling accepted as well as warmth of the

family environment. All items were rated on 4-point scale and a higher total score indicates
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a higher level of family support. The FAD adequately differentiates between appropriate and
inappropriate family functioning and was found to have an acceptable test-retest reliability

(Epstein et al., 1983; Miller et al., 1985; Ridenour et al., 1999).

Descriptive Measures
Details of all descriptive measures can be found in Appendix B.

« Socio-economic status (SES) was assessed with the ACORN, A Classification of
Residential Neighborhoods (http://www.caci.co.uk; Morgan & Chinn, 1983).

« Intelligence (1Q) was assessed with the vocabulary and block design sub-tests
of the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999).

« Recent negative life events (RNLE) were assessed with the Life Events
Questionnaire (LEQ; adapted from Goodyer, Herbert, Tamplin, & Altham,
2000; N. D. Walsh et al., 2012).

« Current and past psychiatric diagnosis was assessed with the Kiddie Schedule
for Affective Disorders and Schizophrenia for School-Age Children — Present
and Lifetime Version (K-SADS-PL; Kaufman et al., 1997).

. Self-esteem was assessed with the Rosenberg Self-Esteem Scale (RSES;
Rosenberg, 1965).

« Depression symptoms were measured with the Mood and Feeling
Questionnaire (MFQ; Messer, Angold, & Costello, 1995).

o 5-HTTLPR genotype was retrieved from saliva samples (N. D. Walsh et al.,
2012, 2014).

o Parental psychopathology was assessed with the MINI Mental State

Examination (Sheehan et al., 1998).
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fMRI Social Feedback Task

The fMRI Social Feedback Task was set up as a competition game, in which the
participants were told that they could win the game when being successful in impressing a
team of six judges during all three rounds of the competition (see Figure 1; Dalgleish et al.,
2017). Participants were instructed that they had to compete against three other players,
and that in each round of the competition one player would be excluded. In addition,
participants were informed that they would be connected via internet to the three
competitors, all being scanned at the same time at different places in the UK. In reality, the
competition consisted of only one round in which each participant was rejected. During the
first (and only) round of the competition, the participants had to record a video in which
they should introduce themselves and their major goals and accomplishments. Beforehand,
all participants were provided with one example video of a ‘prior’ player and were told that
their video would be judged on six social success variables (i.e. motivation, personal
strength, social confidence, social attractiveness, social competence and emotional
sensitivity) by a team of six adult judges, being trained in video evaluation (Figure 1). Based
on the video they were told that they were either excluded or could proceed to the
following (‘non-existing’) round. To decrease potential skepticism, the participants were
shown photos of the team of judges and were informed that the judges were located at
another research site, receiving all videos online. During the fMRI scan, the participants
eventually received the judges’ feedback for their videos stating who of the four
competitors was best, moderate and worst on each of the six social success variables. The
participants received the feedback from each judge on each social success variable

separately, resulting in 36 feedback slides (‘six judges’ x ‘six social success variables’). Each
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participant received 12 ‘best’ ratings (i.e. positive), 12 ‘moderate’ ratings (i.e. neutral) and
12 ‘worst’ ratings (i.e. negative), while the order of the social success variables and the
judges was counterbalanced. After each of the 36 ratings the participants were asked to
indicate their mood state on an 11 point Likert scale, which functioned as a measure for
affective responses to rejection and acceptance feedback. To increase the authenticity of
the competition, the participants additionally had to judge the videos of the three other
players, by applying the same six social success variables. Finally, the participants were
informed that five of the six judges rated their video generally as ‘worst’, and one as
‘moderate’, leading to the exclusion from the competition. After scanning, a manipulation
check was performed to control for the authenticity of the competition, and afterwards
participants were debriefed (Dalgleish et al., 2017). In the current study we focused on the
responsivity contrast between ‘worst’ (i.e. negative) and ‘moderate’ (i.e. neutral) feedback

ratings: ‘negative more than neutral’ contrast.

<FIGURE ONE HERE>

fMRI Image Acquisition

fMRI data was collected with a 3-Tesla scanner (Tim Trio unit, built by Siemens,
Germany). We utilized a head coil gradient set and assessed T1-weighted images with a
voxel size resolution of 1x1x1 mm. We additionally assessed BOLD signal contrast sensitive
echo-planar T2*-weighted images (EPI), which consisted of 48 sagittal slices, being 3mm
thick and having a voxel size resolution of 3x3x3 mm (repetition time = 2000 ms, echo time

=30 ms, flip angle = 78°, FOV 192 mm; Dalgleish et al., 2017).
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Image Preprocessing

fMRI data preprocessing was performed with the statistical parametric mapping
(SPM8) software, and to prevent equilibration related errors the first five volumes were not
included in the analysis. To remediate potential head movement artefacts, rigid body
transformations were utilized, using the first scan as realignment reference. To control for
putative slice timing differences, a slice scan time correction was applied to the echo planar
T2*-weighted images, using sinc interpolation. The FieldMap toolbox was used to calculate
phase differences between the images, being assessed at the short and the long echo time,
based on which field maps were established and unwrapped. Echoplanar T2* imaging
parameters as well as field map parameters were utilized to identify distortions in the T2*-
weighted images, which were corrected through inverse voxel displacement. (Non)-linear
transformations and spatial Gaussian kernel smoothing (8-mm FWHM) were applied to the
echo planar T2*-weighted as well as T1-weighted images, which were spatially normalized
to the structural standard space of the Montreal Neurological Institute template and co-
registered. Furthermore, proportional scaling and high-pass temporal filtering (with a cut-off
value of 128s) were conducted to eliminate global changes and low-frequency signal drifts

(Dalgleish et al., 2017).

fMRI Data Analysis and Results

General linear models (GLM) were used to calculate the participants’ neural
activation during exposure to the 36 judge feedbacks and the belonging 36 mood state
ratings. Due to the three different judge feedback options (best, moderate, & worst), an

epoch-related statistical model was used to establish activation for each feedback option
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and the belonging mood state ratings. Activations were mean-corrected and convolved with
a canonical hemodynamic response function. Six head movement parameters, derived from
spatial realignment corrections, were included in the multiple linear regression models as
covariates. For the below analyses we used the ‘negative more than neutral’ responsivity
contrast, which was family wise error corrected (FWE; whole-brain, voxel-wise threshold of
p < .05; Dalgleish et al., 2017). As a previous report on this sample (Dalgleish et al., 2017)
found that the ‘negative more than neutral’ contrast revealed a significant responsivity in
the left Al and the bilateral dACC, we restricted our analyses to those two brain areas. We
defined a 10mm sphere around the peak voxels of the Al (x =-28,y =16, z=-12mm) and the
dACC (x =2, y=32,z=24mm) and extracted the time-course of activity for each region for

each participant. These time-courses were used for subsequent analyses.

Current analyses

All analyses were conducted in R (R Core Team, 2017) with the Lavaan package
(Rosseel, 2012), using a ‘Full Information Maximum Likelihood’ (FIML) estimation approach.
The FIML algorithm does not exclude missing values and establishes case-wise maximum
likelihood functions, making use of all available information (Enders & Bandalos, 2001).
Given that our data contained missing values, as well as deviations from normality, we
utilized a robust estimator (‘MLR’), which can calculate robust standard errors and scaled
test statistics despite incomplete data (Rosseel, 2012).

To investigate whether family and/or friendship support function as intermediate
variables for the relationship between CA and responses to social rejection (affective or
neural (dACC or Al) responses) we ran six path models. In each model, CA was specified as

the independent variable, family support (or friendship support) at the age of 14 and 17



Social Rejection Responsivity after Adversity 15

336  were specified as intermediate variables, and responses to social rejection feedback

337  (affective or neural (dACC or Al) responses) were specified as the dependent variable (see
338  Figure 2a). As we were not interested in the path from age 14 to age 17 friendships or age
339 14 to age 17 family support, these variables were specified to covary with each other (yet,
340 all below findings remained when age 14 predicted age 17 friendships or family support). To
341 increase the power of the investigated models, we re-established the models whilst only
342 including one intermediate support variable (see Figure 2b). Along those lines, we also
343  explored whether family and/or friendship support (at age 14 and/or 17) mediate the

344  relationship between CA and affective or neural responses to social rejection. Standard
345  errors of indirect and total effects were calculated according to the delta method (Rosseel,
346  2012; Sobel, 1982).

347

348 <FIGURE TWO HERE>

349

350

351 Results

352

353  Affective and Neural Responses to Social Rejection

354 In a previous report on this sample, Dalgleish and colleagues (2017) showed that the
355  ‘negative more than neutral’ contrast revealed a significant responsivity in the left Al (z =
356 4.97, p <.05 FWE corrected) and the bilateral dACC (z = 4.81, p < .05 FWE corrected). No
357  other regions were activated at this threshold (see for details Dalgleish et al., 2017). Mood

358 state ratings were in line with the fMRI results, given that ‘negative’ judge feedback was
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experienced as more disturbing than 'neutral' judge feedback (t(54) =-13.33, p <.001; see

Figure 3).

<FIGURE THREE HERE>

Does Adolescent Friendship Support Function as an Intermediate Variable for the
Relationship Between CA and Later Responses to Social Rejection?

Our findings showed that CA is associated with less negative mood responses to
social rejection feedback, albeit this was a weak relationship (Table 3). CA was not related
with Al or dACC responses to social rejection feedback. Furthermore, CA predicted higher
levels of friendship support at age 14, but did not predict friendship support at age 17.
Friendship support at age 14 was strongly associated with friendship support at age 17.
However, neither friendship support at age 14, nor at age 17, predicted affective responses
to social rejection feedback. Similarly, neither friendship support at age 14, nor at age 17,
predicted Al or dACC responses to social rejection feedback. These results were confirmed
by single follow-up mediation models, which showed that both friendship support variables
did not mediate the relationship between CA and responses to social rejection feedback (i.e.
affective and neural). Importantly, in contrast to the significant effect of CA on friendship
support at age 14 (Mean R? = .09), the effect of CA on friendship support at age 17 was non-
significant and negligible (Mean R? = .03). Furthermore, the effect of CA and friendship
support on mood was marginal and small (Mean R?=.07), whereas the same effect on the

brain was not only non-significant but also negligible (R? = 0.03).
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<TABLE THREE HERE>

Does Adolescent Family Support Function as an Intermediate Variable for the Relationship
Between CA and Later Responses to Social Rejection?

In line with the findings for friendship support, CA was marginally associated with
lower negative affective responses to social rejection feedback (Table 4). CA was not related
to Al and dACC response to social rejection feedback, and did not predict family support at
age 14 and 17. Family support at age 14 was strongly associated with family support at age
17. In contrast to our assumption, family support at age 14 and age 17 did not predict
affective and Al responses to social rejection feedback. Yet, family support at age 14 was
marginally associated with lower dACC responsivity, whereas family support at age 17 was
marginally associated with increased dACC responsivity. Most results remained unchanged
when tested separately for the support variables; however, neither family support at age 14
nor at age 17 was significantly associated with dACC responsivity to social rejection
feedback. Moreover, both family support variables did not mediate the relationship
between CA and responses to social rejection feedback (i.e. affective and neural). Along
those lines, the effect of CA on family support at age 17 (Mean R? = .06) and the effect of CA
and family support on mood (Mean R? = .06) did both not reach significance and had small
effects. Moreover, the effect of CA on family support at age 14 (Mean R? = .03) and the
effect of CA and family support on the brain (Mean R? = .015) were both not only non-

significant but had negligible effects.

<TABLE FOUR HERE>
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Exploratory analyses: Neural responses

We additionally tested whether family and/or friendship support (separately) have
immediate effects on social rejection responses (i.e. cross-sectional models). To this end we
examined whether friendship and family support at age 18 function as intermediate
variables for the relationship between CA and neural responsivity to social rejection at age
18 (i.e. Al and dACC). In line with the above results, the analyses showed that CA was
associated with a higher level of friendship support at age 18, but neither family nor
friendship support at age 18 mediated the relationship between CA and neural responsivity
to social rejection (see Appendix D).

The Social Feedback Task not only revealed significant main effects in the Al and the
dACC for the contrast ‘negative more than neutral’, but also for the contrast ‘positive more
than neutral’ reflecting social acceptance responsivity (left Al: x=-28,y =16, z =-12, k-voxel
= 85, z-statistic = 5.85, p < 0.05, FWE corrected; bilateral dACC: x =0, y = 32, z = 24, k-voxel =
1218, z-statistic = 6.57, p < 0.05, FWE corrected; for details see Dalgleish et al., 2017).
Therefore, we additionally explored whether CA, and family and friendship support have
effects on social acceptance responsivity. However, in line with the results for social
rejection responsivity, we revealed neither an effect of CA, nor an effect of friendship
and/or family support on neural social acceptance responsivity (corrected for CA; Al: Mean
R? =.03; dACC: Mean R? =.014). In line with the previous findings, we again found that
adolescents with a history of CA have on average a higher level of adolescent friendship

support at age 14 (Mean R? =.09).
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431  Exploratory analyses: Gender effects

432 Our sample size did neither allow for examining gender as group effect, nor as

433  covariate. Therefore, we explored the effects of gender through correlating CA, social

434  support, and social rejection responsivity variables with each other, separately for males
435  and females. For female participants, CA was associated with a significantly higher amount
436  of friendship support at age 14 (r = 0.41, 95% Cl [0.02, 0.69]), as well as a significantly lower
437  amount of family support at age 17 (r =-0.52, 95% CI [-0.76, -0.13]; see Table 5). In contrast
438 for male participants, CA was neither significantly associated with friendship support at age
439 14 (r=0.22,95% Cl [-0.17, 0.55]), nor with family support at age 17 (r =-0.16, 95% Cl [-0.53,
440  0.26]). Moreover, for females, CA was not associated with negative mood levels (r = 0.23,
441  95% Cl [-0.18, 0.57]), whereas for males CA was strongly associated with a lower negative
442  mood level during social rejection (r =-0.49, 95% Cl [-0.72, -0.15]). None of the correlational
443  results suggested significant gender specific findings with regard to neural responses (full
444  correlation tables, separately for gender as well as for the overall sample, can be found in
445  Appendix E). Hence, our post-hoc explorations seemed to indicate that CA may impact the
446  role of social support as well as affective responses to rejection differently in males and

447  females.

448
449 <TABLE FIVE HERE>
450

451
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We showed that when adolescents with a history of CA have comparable mood
levels as adolescents without CA (i.e. at age 14 and 18), adolescents with CA have higher
levels of friendship, but not family, support. Yet, in contrast to our hypothesis, social
support (i.e. family and friendship support) at age 14 and 17 was not associated with lower
negative mood or neural responsivity to social rejection at age 18. Moreover, adolescents
with CA did not seem to have altered neural (i.e. Al and dACC) and at best marginally altered
mood responses to social rejection at age 18, when they were characterized by mental
health resilience. This suggests that adolescents with CA have normal neural responses as
well as normal, or perhaps even less negative, mood responses to social rejection, when
they are mentally healthy.

The notion that individuals who have been exposed to CA experience less social
support during adolescence and young adulthood than their peers without a history of
adversity has sound support in the resilience literature (Horan & Widom, 2015; Miller et al.,
2014; Runtz & Schallow, 1997; Sperry & Widom, 2013; van Harmelen et al., 2016). Yet, our
result partially differed from this notion, as we found that CA neither predicted adolescent
family support at age 14, at age 17, nor at age 18. Moreover, we found that CA did not
predict friendship support at age 17, but was associated with higher levels of adolescent
friendships at age 14 and 18. Interestingly, at age 14 and 18, our sample of adolescents with
CA reported similar levels of depressive symptoms as those without CA, whereas at age 17
the CA adolescents had on average higher depressive symptoms than adolescents without
CA. Thus, our findings showed that when adolescents with and without CA have comparable
mood levels, adolescents with CA have higher levels of friendship support. Therefore, one

may speculate that not necessarily a history of CA (on its own) may influence the level of
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quality and quantity of adolescent friendships, but there may be a more complex interplay
between mood levels and the level of adolescent friendships subsequent to CA.

As mental health resilience refers to the absence of mental health problems despite
a history of adversity (J. Fritz et al., 2018; Kalisch et al., 2017), our CA sample is
characterized by concurrent mental health resilience at the time of the social rejection
assessment. Therefore, the nature of our CA variable in combination with solely selecting
resilient 18-year-old CA adolescents may be another reason why CA was associated with
higher levels of friendship support. That is, selecting resilient 18-year-olds, with a history of
mild to moderate family adversity, may have led to the over inclusion of those with CA who
received and/or perceived more friendship support in early adolescence. Interestingly, our
post-hoc explorations of gender effects suggest that in females family-related adversity may
impact predominantly on social relations, potentially resulting in higher friendship and
lower family support; whereas in males family-related adversity appears to be associated
with less negative mood in response to social rejection. However, as our sample size does
not allow for a more complex exploration of gender effects, such conjectures remain to be
tested in larger future studies.

We further found that (1) affective responses to negative rejection feedback were
significantly lower than responses to neutral rejection feedback. Yet, (2) CA only marginally
predicted affective responses to social rejection feedback (i.e. lower negative mood
responses). Similarly, Will and colleagues (2016) as well as van Harmelen and colleagues
(2014) showed that (1) social rejection is associated with negative mood responses, but (2)
negative mood responses to social rejection are not specific to adolescents with a history of
chronic social rejection. Thus, mood levels seem to be lower during social rejection, when

compared to positive or neutral social interactions, regardless of CA exposure. Along those
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lines, our findings seemed to suggest that a history of CA may rather tend to go together
with less negative mood responses to social rejection. This conjecture is consistent with a
previous report on emotion regulation capacity in this sample (Schweizer et al., 2016),
which revealed that at age 18 mentally healthy adolescents with CA are more efficient in
emotion regulation than mentally healthy adolescents without CA (Schweizer et al., 2016).
Therefore, enhanced emotion regulation capacity may explain why CA adolescents seemed
to have normal, or perhaps even less negative, mood responses to social rejection.
Different forms of CA are found to be differentially associated with Insula and dACC
responsivity to social rejection, with some forms of CA even having an opposite association
sign (e.g. increased dACC responsivity in adolescents with a history of chronic social
rejection compared to decreased dACC responsivity in adolescents with adverse loss and
separation experiences in childhood; Puetz et al., 2014; Will et al., 2016). Our data showed
that CA in concurrently resilient adolescents does not predict neural (i.e. Al and dACC)
responses to social rejection. Importantly, the effects were not only non-significant, but also
of a negligible size. As our CA group included various types of CA, it may have been the case
that participants with chronic social rejection experiences had higher neural responses and
participants with adverse loss and separation experiences had lower neural responses to
social rejection, which may have cancelled each other out (i.e. leading on average to similar
levels of Al and dACC responses to social rejection for participants with and without a
history of CA). In our study (1) social rejection by peers was not assessed, (2) none of the CA
participants was adopted or in foster care, and (3) only four of the 26 participants with CA
had a history of childhood emotional maltreatment. Therefore, we did not have enough
information to disentangle potentially differing effects of rejection, and adverse loss and

separation, experiences on social rejection responsivity. Interestingly, the enhanced
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emotion regulation capacity of CA adolescents in our sample was not only supported on the
affective but also on the neural level (Schweizer et al., 2016), and thus may be an alternative
explanation for our finding that CA was not associated with an increase in neural responses
to social rejection.

Contrary to our hypothesis we also did not find evidence for social support reducing
later affective or neural (i.e. Al and dACC) responses to social rejection and most of the
revealed effects were not only non-significant, but also noticeably small. The literature
showed that different forms of social support, i.e. (1) emotionally supportive texts, (2) social
interaction quality, and (3) friendship interaction frequency and duration, are associated
with decreased social rejection responsivity in either the Al, the dACC, or both (Eisenberger
et al., 2007; Masten et al., 2012; Onoda et al., 2009). One may speculate that our study
lacked protective effects of social support, due to the developmental phases that were
studied. For family support, this conjecture would be in line with previous findings, showing
that family support appears to lower stress responsivity during childhood but not during
adolescence (Hostinar, Johnson, & Gunnar, 2015). Similarly, maternal support was found to
reduce unfavorable affect-related behaviour and neural responses in healthy children, but
not in healthy adolescents (Gee et al., 2014). Thus, whereas family support may reduce
unfavorable affective and neural responses in childhood, our findings suggest that
adolescent family support does neither improve affective nor neural responses to social
rejection at age 18. For friendship support a lack of protective effects due to the studied
developmental phases is unlikely. Masten and colleagues (2012) showed that higher levels
of friendship interactions at age 18 are associated with lower Al and dACC responsivity to
social rejection at age 20 (Masten et al., 2012), which suggests lasting protective effects of

adolescent friendship support on social rejection responsivity. In sum, our findings suggest
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that mood and neural (Al and dACC) responses to social rejection, in mentally healthy 18-
year-old adolescents, do not seem to be altered by a CA history and/ or the level of
adolescent family and friendship support.

Critics may rightfully argue that the statistical power of the tested models was
limited by our sample size (MacKinnon, Fairchild, & Fritz, 2007; Wolf, Harrington, Clark, &
Miller, 2013) and the current findings should therefore be interpreted considering this
limitation. To determine the effect size that would have enabled us to find effects from CA
on support variables (a-path) and from support variables on mood and/or brain responses
(corrected for the effect of CA; b-path) we performed post-hoc sensitivity analyses (linear
regression effects in G*Power; effect sizes were interpreted along Cohen’s guidelines; see
Faul, Erdfelder, Lang, & Buchner, 2007). We revealed that with our sample size (M Sample
size = 53 [ranging from 47 to 55 observations per variable], an alpha of .05 and a power of
.80), we would have been able to detect moderate effects (g-path: f2=.154; b-path:
omnibus effect of f2=.193 or R% increase in variance explained of f2=0.154). Thus, as
clinically relevant moderate path effects should have been detected, we believe that our
conclusion that resilient adolescents with a history of CA seem to have normal mood and
neural response to social rejection, is warranted. That said, it needs to be acknowledged
that power was predominantly limited for the indirect (mediation) effects (M. S. Fritz &
MacKinnon, 2007; MacKinnon et al., 2007). However, as our findings revealed that (1) in
none of the models both the a- and the b-path were significant, and that (2) in most of the
models at least one of the two path coefficients had a small effect, we believe that the null
findings for the indirect (mediation) effects are the result of non-significant path effects. In

sum, a higher sample size would indeed have been desirable, and would have increased the
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chance to detect small path effects. However, this was beyond the aim of the current
research.

In addition to investigating the social support variables as potential intermediate
resilience mechanisms, they could also have been examined with moderation analyses.
Moderation analyses would have tested whether social support has a stronger effect on
social rejection responsivity for adolescents with compared to adolescents without CA
(Baron & Kenny, 1986; J. Fritz et al., 2018). Theoretically, post-hoc moderation analyses
would have been highly interesting in the studied context. However, as (1) neither the main
effect of CA, nor the main effect of the support variables on brain responses to social
rejection revealed significance, and as (2) power analyses indicated that our sample size
would not have been sufficient to detect interaction effects (see for details Appendix F) we
did not perform post-hoc moderation analyses.

Another potential limitation may be the rather small voxel size area for social
rejection responsivity. Yet, the Al and dACC main effect areas for social acceptance
responsivity (Al: k-voxels = 85; dACC: k-voxels 1218) were notably larger than the main
effect areas for social rejection responsivity (Al: k-voxels = 9; dACC: k-voxels = 19); and as we
revealed comparable results for the social acceptance and social rejection responsivity
analyses we believe that the rather small voxel size area for social rejection responsivity is
unlikely to have compromised the statistical power of the analyses.

Further limitations of our study are: First, the CA interview was retrospectively
performed with a primary caregiver (Dunn et al., 2011; Goodyer et al., 2010). This might
have resulted in under-reported CA rates and accordingly in a decreased predictive strength
of CA (van Harmelen et al., 2016). However, the time intervals of the CAMEEI (early, middle

and late childhood) enhanced recall and report accuracy of CA, and decreased the impact of
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recency effects (Dunn et al., 2011). As caregiver reports on CA are found to relate slightly
differentially to later mental distress than self-reported CA (Newbury et al., 2018), future
studies may want to repeat the analyses either with self-reported CA or ideally with both
report forms. Second, friendship and family support were not assessed prior to CA.
Therefore, it cannot be determined whether the adolescents with a history of CA already
had higher friendship levels prior to the CA experience. Third, the ROOTS sample is
wealthier than the average UK population (Goodyer et al., 2010) and in terms of socio-
economic status our subsample did not differ from the remaining ROOTS sample, indicating
that the generalizability of our results might be restricted to prosperous populations.
Fourth, our sample reported mainly mild to moderate CA experiences (Walsh et al., 2014).
Future studies are needed to examine the studied relationships in samples that report more
severe CA experiences. Similarly, it may also be of interest to investigate the studied
relationships in clinical, non-resilient, samples. Fifth, a subset of the CA group had
experienced mental health problems in the past, and although at the time of scanning our
CA group was characterized by mental health resilience, it is not clear whether these
individuals would have similar brain responsivity to social rejection if we had assessed them
at a time when they did experience mental health problems. Unfortunately, our sample is
not powered to examine whether the effects were similar or distinct in those with versus
without previous mental health problems, as this would result in a sample of only 15
adolescents with a history of CA who had no lifetime mental health problems. Therefore,
our findings are restricted to current mental health resilience at the time of the social

rejection assessment.
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To the best of our knowledge, this is the first study to show that adolescents with CA
and normative mood levels have more adolescent friendship support and seem to have

normal mood and neural responses to social rejection.

Abbreviations
CA = childhood adversity
Al = anterior Insula

dACC = dorsal Anterior Cingulate Cortex



642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

Social Rejection Responsivity after Adversity 28

References

Afifi, T. O., & MacMillan, H. L. (2011). Resilience Following Child Maltreatment: A Review of
Protective Factors. Canadian Journal of Psychiatry, 56(5), 266—272.

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental
disorders (4th ed., text rev.). Washington, DC: Author.

Baron, R. M., & Kenny, D. A. (1986). The Moderator-Mediator Variable Distinction in Social
Psychological Research: Conceptual, Strategic, and Statistical Considerations. Journal of
Personality and Social Psychology, 51(6), 1173-1182. https://doi.org/10.1037/0022-
3514.51.6.1173

Cacioppo, S., Frum, C,, Asp, E., Weiss, R. M., Lewis, J. W., & Cacioppo, J. T. (2013). A
guantitative meta-analysis of functional imaging studies of social rejection. Scientific
Reports, 3, 2027. https://doi.org/10.1038/srep02027

Casey, B. J., Getz, S., & Galvan, A. (2008). The adolecent brain. Developmental Review, 28(1),
62—77. https://doi.org/10.1016/j.dr.2007.08.003

Cicchetti, D. (2013). Annual research review: Resilient functioning in maltreated children:
Past, present, and future perspectives. Journal of Child Psychology and Psychiatry,
54(4), 402-422.

Cicchetti, D., & Rogosch, F. A. (1997). The role of self-organization in the promotion of
resilience in maltreated children. Development and Psychopathology, 9(4), 797-815.

Crone, E. A., & Dahl, R. E. (2012). Understanding adolescence as a period of social-affective
engagement and goal flexibility. Nature Reviews Neuroscience, 13, 636—650.
https://doi.org/10.1038/nrn3313

Crone, E. A., & Elzinga, B. M. (2015). Changing brains: How longitudinal functional magnetic



666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

Social Rejection Responsivity after Adversity 29

resonance imaging studies can inform us about cognitive and social-affective growth
trajectories. WIREs Cognitive Sciences, 6, 53—63. https://doi.org/10.1002/wcs.1327

Dalgleish, T., Walsh, N. D., Mobbs, D., Schweizer, S., Van Harmelen, A. L., Dunn, B,, ...
Stretton, J. (2017). Social pain and social gain in the adolescent brain: A common neural
circuitry underlying both positive and negative social evaluation. Scientific Reports, 7,
1-8. https://doi.org/10.1038/srep42010

Dion, J., Matte-Gagne, C., Daigneault, I., Blackburn, M.-E., Hebert, M., McDuff, P, ... Perron,
M. (2016). A prospective study of the impact of child maltreatment and friend support
on psychological distress trajectory: From adolescence to emerging adulthood. Journal
of Affective Disorders, 189, 336—343. https://doi.org/10.1016/j.jad.2015.08.074

Dunn, V. J., Abbott, R. A., Croudace, T. J., Wilkinson, P. O., Jones, P. B., Herbert, J., &
Goodyer, I. M. (2011). Profiles of family-focused adverse experiences through
childhood and early adolescence: The ROOTS project a community investigation of
adolescent mental health. BMC Psychiatry, 11, 109. https://doi.org/10.1186/1471-
244X-11-109

Eisenberger, N. I., Gable, S. L., & Lieberman, M. D. (2007). Functional magnetic resonance
imaging responses relate to differences in real-world social experience. Emotion, 7(4),
745-754. https://doi.org/10.1037/1528-3542.7.4.745

Enders, C. K., & Bandalos, D. L. (2001). The relative performance of full information
maximum likelihood estimation for missing data in structural equation models.
Structural Equation Modeling: A Multidisciplinary Journal, 8(3), 430-457.
https://doi.org/10.1207/s15328007sem0803_5

Epstein, N. B., Baldwin, L. M., & Bishop, D. S. (1983). The McMaster Family Assessment

Device. Journal of Marital and Family Therapy, 9(2), 171-180.



690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

Social Rejection Responsivity after Adversity 30

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF03193146

Folger, S. F., & O’Dougherty Wright, M. (2013). Altering Risk Following Child Maltreatment:
Family and Friend Support as Protective Factors. Journal of Family Violence, 28(4), 325—
337. https://doi.org/10.1007/s10896-013-9510-4

Fritz, J., de Graaff, A. M., Caisley, H., van Harmelen, A.-L., & Wilkinson, P. O. (2018). A
Systematic Review of Amenable Resilience Factors that Moderate and/or Mediate the
Relationship between Childhood Adversity and Mental Health in Young People.
Frontiers in Psychiatry, 9, 230. https://doi.org/10.3389/fpsyt.2018.00230

Fritz, M. S., & MacKinnon, D. P. (2007). Required Sample Size to Detect the Mediated Effect.
Psychological Science, 18(3), 233-239. https://doi.org/10.1111/j.1467-
9280.2007.01882.x

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 adolescence. Psychological Science, 25(11), 2067—2078.
https://doi.org/10.1177/0956797614550878

Gilbert, R., Spatz Widom, C., Browne, K., Fergusson, D., Webb, E., & Janson, S. (2009).
Burden and consequences of child maltreatment in high-income countries. The Lancet,
373, 68-81. https://doi.org/10.1016/S0140-6736(08)61706-7

Goodyer, |. M., Croudace, T., Dunn, V., Herbert, J., & Jones, P. B. (2010). Cohort Profile: Risk
patterns and processes for psychopathology emerging during adolescence: the ROOTS
project. International Journal of Epidemiology, 39, 361-369.

https://doi.org/10.1093/ije/dyp173



Social Rejection Responsivity after Adversity 31

714  Goodyer, I. M., Herbert, J., Tamplin, A., & Altham, P. M. E. (2000). Recent life events,

715 cortisol, dehydroepiandrosterone and the onset of major depression in high-risk
716 adolescents. British Journal of Psychiatry, 177, 499-504.
717 https://doi.org/10.1192/bjp.177.6.499

718  Goodyer, I. M., Wright, C., & Altham, P. M. E. (1989). Recent friendships in anxious and
719 depressed school age children. Psychological Medicine, 19(1), 165—-174.
720 https://doi.org/10.1017/ S0033291700011119

721  Greif Green, J., McLaughlin, K. A., Berglund, P. A., Gruber, M. J., Sampson, N. A., Zaslavsky,

722 A. M., & Kessler, R. C. (2010). Childhood adversities and adult psychopathology in the
723 National Comorbidity Survey Replication (NCS-R) I: Associations with first onset of
724 DSM-IV disorders. Archives of General Psychiatry, 67(2), 113—-133.

725 https://doi.org/10.1001/archgenpsychiatry.2009.186.

726  Horan, J. M., & Widom, C. S. (2015). From Childhood Maltreatment to Allostatic Load in
127 Adulthood: The Role of Social Support. Child Maltreatment, 20(4), 229-239.

728 https://doi.org/10.1177/1077559515597063

729  Hostinar, C. E., Johnson, A. E., & Gunnar, M. R. (2015). Parent support is less effective in
730 buffering cortisol stress reactivity for adolescents compared to children. Developmental
731 Science, 18(2), 281-297. https://doi.org/10.1111/desc.12195

732  loannidis, K., Askelund, A. D., & van Harmelen, A.-L. (2017). The neurobiology of resilient
733 functioning after child emotional maltreatment. Open Science Framework, Retrieved
734 from https://osf.io/3vfgb/.

735  Kalisch, R., Baker, D. G., Basten, U., Boks, M. P., Bonanno, G. A., Brummelman, E., ... Kleim,
736 B. (2017). The resilience framework as a strategy to combat stress-related disorders.

737 Nature Human Behaviour. https://doi.org/10.1038/s41562-017-0200-8



738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

Social Rejection Responsivity after Adversity 32

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., ... Ryan, N. (1997).
Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present
and Lifetime Version (K-SADS-PL): Initial reliability and validity data. Journal of the
American Academy of Child and Adolescent Psychiatry, 36(7), 980—-988.
https://doi.org/10.1097/00004583-199707000-00021

Kawamoto, T., Ura, M., & Nittono, H. (2015). Intrapersonal and interpersonal processes of
social exclusion. Frontiers in Neuroscience, 9, 1-11.
https://doi.org/10.3389/fnins.2015.00062

Kessler, R. C., Davis, C. G., & Kendler, K. S. (1997). Childhood adversity and adult psychiatric
disorder in the US National Comorbidity Survey. Psychological Medicine, 27, 1101—
1119. https://doi.org/10.1017/50033291797005588

Kessler, R. C., MclLaughlin, K. A., Greif Green, J., Gruber, M. J., Sampson, N. A,, Zaslavsky, A.
M., ... Williams, D. R. (2010). Childhood adversities and adult psychopathology in the
WHO World Mental Health Surveys. British Journal of Psychiatry, 197, 378—-385.
https://doi.org/10.1192/bjp.bp.110.080499

MacKinnon, D. P., Fairchild, A. J., & Fritz, M. S. (2007). Mediation Analysis. Annual Review of
Psychology, 58, 593—614. https://doi.org/10.1146/annurev.psych.58.110405.085542

Masten, C. L., Eisenberger, N. I., Borofsky, L. A., McNealy, K., Pfeifer, J. H., & Dapretto, M.
(2011). Subgenual anterior cingulate responses to peer rejection: A marker of
adolescents’ risk for depression. Developmental Psychopathology, 23(1), 283—-292.
https://doi.org/10.1017/50954579410000799

Masten, C. L., Telzer, E. H., Fuligni, A. J., Lieberman, M. D., & Eisenberger, N. I. (2012). Time
spent with friends in adolescence relates to less neural sensitivity to later peer

rejection. Social Cognitive and Affective Neuroscience, 7(1), 106-114.



Social Rejection Responsivity after Adversity 33

762 https://doi.org/10.1093/scan/nsq098

763  McCrory, E. J., & Viding, E. (2015). The theory of latent vulnerability: Reconceptualizing the
764 link between childhood maltreatment and psychiatric disorder. Development and
765 Psychopathology, 27, 493-505. https://doi.org/10.1017/50954579415000115

766  Messer, S. C., Angold, A., & Costello, E. J. (1995). Development of a Short Questionnaire for

767 Use in Epidemiological Studies of Depression in Children and Adolescents: Factor
768 Composition and Structure across Development. International Journal of Methods in
769 Psychiatric Research, 5, 251-262.

770 Miller, A. B., Adams, L. M., Esposito-Smythers, C., Thompson, R., & Proctor, L. J. (2014).

771 Parents and friendships: A longitudinal examination of interpersonal mediators of the
772 relationship between child maltreatment and suicidal ideation. Psychiatry Research,
773 220(3), 998-1006. https://doi.org/10.1016/j.psychres.2014.10.009

774  Miller, I. W., Epstein, N. B., Bishop, D. S., & Keitner, G. . (1985). The McMaster Family
775 Assessment Device: Reliablity and Validity. Journal of Marital and Family Therapy,
776 11(4), 345-356. https://doi.org/10.1111/j.1752-0606.1985.tb00028.x

777  Morgan, M., & Chinn, S. (1983). ACORN group, social class, and child health. Journal of
778 Epidemiology and Community Health, 37, 196—203.

779  Newbury, J. B., Arseneault, L., Moffitt, T. E., Caspi, A., Danese, A., Baldwin, J. R., & Fisher, H.

780 L. (2018). Measuring childhood maltreatment to predict early-adult psychopathology:
781 Comparison of prospective informant-reports and retrospective self-reports. Journal of
782 Psychiatric Research, 96, 57—64. https://doi.org/10.1016/j.jpsychires.2017.09.020

783  Onoda, K., Okamoto, Y., Nakashima, K., Nittono, H., Ura, M., & Yamawaki, S. (2009).
784 Decreased ventral anterior cingulate cortex activity is associated with reduced social

785 pain during emotional support. Social Neuroscience, 4(5), 443—-454.



786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

Social Rejection Responsivity after Adversity 34

https://doi.org/10.1080/17470910902955884

Puetz, V. B., Kohn, N., Dahmen, B., Zvyagintsev, M., Schiippen, A., Schultz, R. T., ... Konrad, K.
(2014). Neural response to social rejection in children with early separation
experiences. Journal of the American Academy of Child and Adolescent Psychiatry,
53(12), 1328-1337. https://doi.org/10.1016/].jaac.2014.09.004

R Core Team. (2017). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. Retrieved from https://www.R-project.org/.

Ridenour, T. A., Daley, J., & Reich, W. (1999). Factor analyses of the family assessment
device. Family Process, 38, 497-510. https://doi.org/10.1111/j.1545-
5300.2000.39112.x

Rosenberg, M. (1965). Society and the Adolescent Self-Image. Princeton, NJ: Princeton
University Press.

Rosseel, Y. (2012). lavaan: An R package for structural equation modeling. Journal of
Statistical Software, 48(2), 1-36. Retrieved from http://www.jstatsoft.org/v48/.

Runtz, M. G., & Schallow, J. R. (1997). Social support and coping strategies as mediators of
adult adjustment following childhood maltreatment. Child Abuse & Neglect, 21(2),
211-226. https://doi.org/10.1016/S0145-2134(96)00147-0

Schweizer, S., Walsh, N. D., Stretton, J., Dunn, V. J., Goodyer, I. M., & Dalgleish, T. (2016).
Enhanced emotion regulation capacity and its neural substrates in those exposed to
moderate childhood adversity. Social Cognitive and Affective Neuroscience, 11(2), 272—
281. https://doi.org/10.1093/scan/nsv109

Sheehan, D. V., Lecrubier, Y., Harnett Sheehan, K., Amorim, P., Janavs, J., Weiller, E., ...
Dunbar, G. C. (1998). The Mini-International Neuropsychiatric Interview (M.I.N.1.): The

development and validation of a structured diagnostic psychiatric interview for DSM-IV



810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

Social Rejection Responsivity after Adversity 35

and ICD-10. Journal of Clinical Psychiatry, 59, 22—33. https://doi.org/10.1016/5S0924-
9338(99)80239-9

Shenhav, A., Cohen, J. D., & Botvinick, M. M. (2016). Dorsal anterior cingulate cortex and the
value of control. Nature Neuroscience, 19(10), 1286-1291.
https://doi.org/10.1038/nn.4382

Sippel, L. M., Pietrzak, R. H., Charney, D. S., Mayes, L. C., & Southwick, S. M. (2015). How
does social support enhance resilience in the trauma-exposed individual? Ecology and
Society, 20(4), 10. https://doi.org/10.5751/ES-07832-200410

Sobel, M. E. (1982). Asymptotic Confidence Intervals for Indirect Effects in Structural
Equation Models. Sociological Methodology, 13(1982), 290-312.

Sperry, D. M., & Widom, C. S. (2013). Child Abuse and Neglect, Social Support, and
Psychopathology in Adulthood: A Prospective Investigation. Child Abuse and Neglect,
37(6), 415-425. https://doi.org/10.1016/j.chiabu.2013.02.006

Spinhoven, P, Elzinga, B. M., Hovens, J. G. F. M., Roelofs, K., Zitman, F. G., Van Oppen, P., &
Penninx, B. W. J. H. (2010). The specificity of childhood adversities and negative life
events across the life span to anxiety and depressive disorders. Journal of Affective
Disorders, 126, 103—112. https://doi.org/10.1016/j.jad.2010.02.132

van Harmelen, A.-L., Gibson, J. L., St Clair, M. C., Owens, M., Brodbeck, J., Dunn, V., ...
Goodyer, |. M. (2016). Friendships and Family Support Reduce Subsequent Depressive
Symptoms in At-Risk Adolescents. PloS ONE, 11(5), e0153715.
https://doi.org/10.1371/journal.pone.0153715

van Harmelen, A.-L., Hauber, K., Moor, B. G., Spinhoven, P., Boon, A. E., Crone, E. A., &
Elzinga, B. M. (2014). Childhood emotional maltreatment severity is associated with

dorsal medial prefrontal cortex responsivity to social exclusion in young adults. PLoS



834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

Social Rejection Responsivity after Adversity 36

ONE, 9(1), e85107. https://doi.org/10.1371/journal.pone.0085107

van Harmelen, A.-L,, Kievit, R. A., loannidis, K., Neufeld, S., Jones, P. B., Bullmore, E., ...
Goodyer, |. (2017). Adolescent friendships predict later resilient functioning across
psychosocial domains in a healthy community cohort. Psychological Medicine, 1-11.
https://doi.org/10.1017/5S0033291717000836

Wager, T. D., & Feldman Barrett, L. (2017). From affect to control: Functional specialization
of the insula in motivation and regulation. bioRxiv. Retrieved from
http://dx.doi.org/10.1101/102368

Walsh, N. D., Dalgleish, T., Dunn, V. J., Abbott, R., St Clair, M. C., Owens, M., ... Goodyer, I.
M. (2012). 5-HTTLPR-environment interplay and its effects on neural reactivity in
adolescents. Neurolmage, 63, 1670-1680.
https://doi.org/10.1016/j.neuroimage.2012.07.067

Walsh, N. D., Dalgleish, T., Lombardo, M. V., Dunn, V. J., van Harmelen, A.-L., Ban, M., &
Goodyer, |. M. (2014). General and specific effects of early-life psychosocial adversities
on adolescent grey matter volume. Neurolmage: Clinical, 4, 308-318.
https://doi.org/10.1016/].nicl.2014.01.001

Walsh, W. A,, Dawson, J., & Mattingly, M. J. (2010). How Are We Measuring Resilience
Following Childhood Maltreatment? Is the Research Adequate and Consistent? What is
the Impact on Research, Practice, and Policy? Trauma, Violence, & Abuse, 11(1), 27-41.
https://doi.org/10.1177/1524838009358892

Wang, H., Braun, C., & Enck, P. (2017). How the brain reacts to social stress (exclusion) — A
scoping review. Neuroscience and Biobehavioral Reviews, 80, 80—88.
https://doi.org/10.1016/j.neubiorev.2017.05.012

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelligence. Harcourt Brace & Company,



858

859

860

861

862

863

864

865

866

Social Rejection Responsivity after Adversity 37

NY: The Psychological Corporation.

Will, G.-J., van Lier, P. A. C., Crone, E. A., & Glroglu, B. (2016). Chronic Childhood Peer
Rejection is Associated with Heightened Neural Responses to Social Exclusion During
Adolescence. Journal of Abnormal Child Psychology, 44, 43-55.
https://doi.org/10.1007/s10802-015-9983-0

Wolf, E. J., Harrington, K. M., Clark, S. L., & Miller, M. W. (2013). Sample Size Requirements
for Structural Equation Models: An Evaluation of Power, Bias, and Solution Propriety.
Educational and Psychological Measurement, 76(6), 913-934.

https://doi.org/10.1177/0013164413495237



