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Autonomic nervous system reactivity has been posited to be a mechanism contributing to social and
emotional problems among children exposed to early adversity. Leveraging data from the Bucharest
Early Intervention Project, a longitudinal randomized controlled trial of foster care versus institutional
care of abandoned children in Romania, we assessed whether altered sympathetic reactivity to peer
rejection feedback in early adolescence mediated the relation between early institutional rearing and
peer problems in later adolescence. We also assessed whether adolescent friendship quality or random-
ized placement in foster care early in life moderated these associations. Participants include 68 institu-
tionalized children randomized to care as usual, 68 institutionalized children randomized to foster care,
and 135 never-institutionalized children. At age 12, participants reported friendship quality with respect
to a best friend and completed a social rejection task while electrocardiogram and impedance cardiogra-
phy were recorded. Sympathetic nervous system reactivity to rejection feedback was assessed using pre-
ejection period (PEP). At ages 12 and 16, peer problems were reported by parents. Mediation analysis
revealed that less PEP reactivity to social rejection at age 12 partially mediated the association between
early institutionalization and greater peer problems at age 16. Further moderated mediation analysis
revealed that this indirect effect was evidenced among previously institutionalized youths with low, but
not high, quality friendships. We did not observe foster care intervention effects. These findings suggest
that altered sympathetic reactivity to social rejection might be a mechanism linking early institutionali-
zation to social difficulties into adolescence, however, positive adolescent friendships may buffer these
effects.
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Children reared in institutions experience severe psychosocial
deprivation that places them at risk for peer problems, such as peer
rejection and victimization (Almas et al., 2015; Pitula et al., 2014;

Raaska et al., 2012), and psychopathology (Gunnar & van Dul-
men, 2007; Humphreys et al., 2015; Rutter et al., 2007). One de-
velopmental pathway through which chronic stress, resulting from
early institutionalization, leads to the development of socioemo-
tional problems is through its effects on maladaptive physiological
stress-response systems (Gunnar & Vazquez, 2001; Lupien et al.,
2009; McLaughlin et al., 2015). Indeed, few studies suggest that
dysregulated stress-physiology indirectly explains the association
between institutional rearing and socioemotional problems; how-
ever, nearly all of these studies are limited to the hypothalamic-pi-
tuitary-adrenocortical (HPA) system and early childhood (Koss et
al., 2016; Pitula et al., 2019). To provide further insight into this
developmental pathway, this study examined whether sympathetic
nervous system (SNS) reactivity acquired during a social evalua-
tion task in early adolescence explain changes in peer problems af-
ter early institutional rearing. We also examined whether supportive
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adolescent friendships can remediate these negative consequences
linked to a lack of early parental care.
Maladaptive stress physiology following institutional rearing

has been well-described for the HPA system, with blunted patterns
of cortisol diurnal rhythm and reactivity widely reported in previ-
ously institutionalized children (Carlson & Earls, 1997; Gunnar et
al., 2009; Koss et al., 2014, 2016; McLaughlin et al., 2015; Pitula
et al., 2019). Compared with the HPA system’s slower responses
to stressors, the SNS involves relatively quicker responses, which
is advantageous for capturing changes to different social evalua-
tions. However, fewer studies have examined SNS reactivity to
social evaluative feedback. The SNS is one branch of the auto-
nomic nervous system that mediates responses to social challenges
and maintains homeostasis (Porges, 2007). To meet demands of
social challenges, the SNS activates, resulting in physiological
changes (i.e., accelerated heart rate, increases in blood pressure,
and contractility of the heart), that mobilize metabolic and cogni-
tive resources to enhance motor and cognitive performance (T. P.
Beauchaine & Thayer, 2015; Porges, 2007). But not all individuals
respond to social challenges the same way. Individual differences
in SNS reactivity are thought to reflect differences in the ability to
regulate emotions and motivational states that facilitate behavioral
adaptation (T. Beauchaine, 2001). While several methods can cap-
ture SNS activity, the present study focuses on the cardiac preejec-
tion period (PEP), reflecting the time elapsed between when the
heart fills with blood and when blood is ejected from the heart
(Berntson & Cacioppo, 2007), for several reasons. First, PEP is a
relatively pure index of SNS activity (Berntson & Cacioppo,
2007) that can measure the degree of sympathetic activation. In
situations involving social rejection that threaten a sense of social
belonging, the degree of PEP reactivity provides insight into
whether the individuals’ SNS is engaged in adapting to these chal-
lenges. Second, PEP reactivity is thought to underlie a motiva-
tional system (i.e., behavioral activation system) subserving
approach-oriented behaviors (T. Beauchaine, 2001; Crowell et al.,
2006; Ortiz & Raine, 2004; Richter & Gendolla, 2009) that carry
implications for behavioral adaptations to social evaluative feed-
back. Third, maladaptive (i.e., blunted) PEP reactivity to labora-
tory tasks involving social stressors and incentives has been
shown to be a useful physiological predictor of behavioral and
social problems among children and adolescents (T. P. Beauchaine
et al., 2007; Hinnant et al., 2016; Obradovi�c et al., 2011).
To date, only a small set of studies has examined PEP activity in

relation to institutional rearing. The findings on resting PEP activity
suggest that children with a history of institutionalization show
higher resting SNS activity (Esposito et al., 2016; Gunnar et al.,
2009; McLaughlin et al., 2015), which is in turn associated with later
behavioral problems (Esposito et al., 2016). However, the two stud-
ies examining PEP reactivity to social stressors in previously institu-
tionalized children between ages 10 to 12 report mixed findings of
blunted (McLaughlin et al., 2015) and heightened (Gunnar et al.,
2009) reactivity, which might be attributed to differences in the se-
verity of early deprivation and later caregiving environments (i.e.,
foster and institutional care vs. international adoption) across the
samples. While the scant research provides mixed findings on PEP
reactivity, developmental models (Del Giudice et al., 2011; Lupien
et al., 2009) and empirical evidence on the HPA system (Carlson &
Earls, 1997; Gunnar et al., 2009; Koss et al., 2014, 2016; McLaugh-
lin et al., 2015; Pitula et al., 2019) suggest that children exposed to

severe and chronic forms of adversity are expected to show blunted
stress physiology over time, which helps maintain allostasis. Given
that the present sample of previously institutionalized children exhib-
ited blunted PEP reactivity to peer evaluative feedback at age 12
(McLaughlin et al., 2015), we sought to extend this finding by exam-
ining its implications on later social problems in the present study.

One context in which blunted PEP reactivity could contribute to
further social problems is peer rejection in adolescence. Peer rejec-
tion and victimization are common peer problems reported among
previously institutionalized children (Humphreys et al., 2019;
Pitula et al., 2019), which can increase the risk of developing soci-
oemotional problems in adolescence (Deater-Deckard, 2001;
Guyer et al., 2016). However, existing studies on the effects of
early institutionalization have only examined how HPA reactivity
to strangers and unfamiliar contexts are linked to peer problems in
early childhood (Koss et al., 2016; Pitula et al., 2019). In adoles-
cence, adolescents’ emotions and behaviors are motivated by peer
acceptance. During this period, adolescents exhibit exaggerated
emotional, neural, and physiological responses when rejected dur-
ing social evaluation and exclusion tasks compared with children
and adults (Sebastian et al., 2010; Stroud et al., 2009; Tang et al.,
2019; van den Bos et al., 2014). Contrasting with this normative
pattern of hyper-reactivity to social rejection in adolescence, our
prior study has found previously institutionalized adolescents to
show blunted SNS reactivity to peer rejection feedback compared
with never institutionalized adolescents (McLaughlin et al., 2015).
Such deviation from the norm is consistent with the insensitive
social behaviors reported in these children (Bruce et al., 2009;
Guyon-Harris et al., 2018; Humphreys et al., 2015; Sonuga-Barke
et al., 2010) and might reflect a lack of reactivity or insensitivity
to social punishment, that portend later social problems. In support
of this idea, studies of typically developing adolescents suggest
that variation in SNS reactivity to peer rejection and evaluation is
related to prosocial behaviors. Compared with adolescents with
less SNS reactivity to peer evaluation and rejection, those with
greater SNS reactivity are more prosocial and accepted by peers
(Erath & Tu, 2014), and express greater warmth toward their
mothers (Diamond & Cribbet, 2013).

Furthermore, adolescents increasingly rely on friends, rather
than parents, as social support systems (Brown, 2004)—this natu-
ral shift in supportive social figures offers a salient window to
examine friendship as a source of resilience. High-quality friend-
ships provide youth with help and guidance, companionship, loy-
alty, and intimate exchange (Parker & Asher, 1993). The buffering
effect of high-quality friendships in reducing maladjustment is evi-
denced in adolescents with adverse peer experiences (Asher &
Paquette, 2003; Waldrip et al., 2008), negative parenting styles
(Gaertner et al., 2010; Lansford et al., 2003), and in children
exposed to child maltreatment (Bolger et al., 1998) and family ad-
versity (Criss et al., 2002). While difficulties in peer interactions
are widely reported in previously institutionalized youth (Almas et
al., 2015; Bruce et al., 2009; Pitula et al., 2014; Raaska et al.,
2012), few studies have examined their friendship quality. The
small set of studies report mixed evidence of less supportive
(Hodges & Tizard, 1989) and comparable friendship quality in
postinstitutionalized compared with never-institutionalized youth
(Hawk & McCall, 2014; Vorria et al., 2014). Previously institu-
tionalized youth also report having fewer friends than those in
family care, but most have a best friend (Erol et al., 2010; Hawk
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& McCall, 2014; Tang et al., 2021). These findings suggest that
the ability to build a close friendship is not completely compro-
mised. In fact, having one supportive close friendship can protect
against maladjustment (Asher & Paquette, 2003; Bolger et al.,
1998; Criss et al., 2002; Gaertner et al., 2010; Lansford et al.,
2003; Waldrip et al., 2008). To identify how supportive friend-
ships can alter maladpative pathways leading to peer problems in
the present study, we tested a moderated mediation model.
The present study examined maladaptive SNS reactivity to peer

rejection feedback as a mechanism that explains the link between
early institutional rearing and peer problems, and the protective
role of supportive friendships in changing this developmental
pathway in the Bucharest Early Intervention Project (BEIP). The
BEIP is the only randomized controlled trial of foster care as an al-
ternative to institutional care (Zeanah et al., 2003). Participants
include three groups: (a) adolescents who as infants were aban-
doned to institutions and randomized to the care as usual group
(CAUG); (b) adolescents who were abandoned as infant and
randomized to the foster care group (FCG) after 6–30 months of
institutional care; and (c) adolescents who were never institution-
alized (NIG). A prior report on this sample showed main effects of
early institutionalization on blunted SNS response to peer rejection
at age 12, such that both the care as usual and foster care groups
showed less PEP reactivity to peer rejection compared with the
never-institutionalized group (McLaughlin et al., 2015). Here, we
extended that prior study by further examining: (a) whether SNS
reactivity to peer rejection in early adolescence at age 12 mediated
changes in peer problems by late adolescence at age 16 in previ-
ously institutionalized adolescents using a mediation model; and
(b) whether the strength of this indirect relation was moderated by
high-quality friendships using a moderated mediation model.
We had two aims. First, we assessed the effect of institutionaliza-

tion compared with never-institutionalized children (i.e., comparing
the CAUG and FCG to the NIG). We hypothesized that less PEP
reactivity to peer rejection at age 12 would mediate the association
between early institutionalization and greater peer problems at age
16, accounting for prior peer problems. Furthermore, we expected
supportive friendship to buffer against peer problems, such that the
indirect effect of early institutionalization on peer problems via PEP
reactivity would be diminished at high-quality friendship. Second,
we tested the effect of foster care intervention, by comparing the
FCG to the CAUG. Our prior work suggests that foster care inter-
vention improves some aspects of peer interactions, such as social
communication (Almas et al., 2015; Levin et al., 2015), However,
other aspects of peer interactions do not significantly improve
(Almas et al., 2015), including PEP reactivity to peer rejection,
though the pattern of PEP reactivity is slightly higher in the FCG
compared with the CAUG (McLaughlin et al., 2015). Based on this
prior knowledge, we explored whether the indirect effect via PEP
reactivity would be diminished by higher quality friendships in ado-
lescents assigned to the FCG relative to the CAUG.

Method

Participants

Trial design and participant selection have been previously
described (Zeanah et al., 2003) and are shown in Figure 1. Physical

examination was completed on 187 infants, ranging from 6–31
months, in six institutions in Bucharest, Romania; 51 children were
excluded for serious medical conditions (e.g., fetal alcohol syn-
dromes). Accordingly, 136 children (ages 6–30 months) were
recruited. After the baseline assessment, half of the children were
randomly assigned to care as usual (CAUG: n = 68) or to foster
care (FCG: n = 68; Zeanah et al., 2003). Within the FCG, the mean
age of foster care placement was 22.63 months (SD = 7.33, range =
6.81–33.01). At baseline, a group of age- and gender-matched
never-institutionalized children (NIG: n = 72) was recruited from
pediatric clinics in Bucharest; However, the NIG did not consis-
tently return to the study, as such additional NIG were recruited in
follow-up visits, at age 8 (n = 61), and age 16 (n = 2). At age 12
(Mage = 12.64, SD = .53), participants completed a social rejection
task, while electrocardiogram (ECG) and impedance cardiography
(ICG) data were recorded (McLaughlin et al., 2015), and a friend-
ship quality questionnaire. At both ages 12 and 16 (Mage = 16.55,
SD = .60), a primary caregiver of the participants completed ques-
tionnaires on peer problems.

Monte Carlo simulation-based power calculations performed in
Mplus, Version 8 (Muthén & Muthén, 2002) indicated that the
secured sample size has sufficient power (.80) to detect uncondi-
tional and conditional (moderated) indirect effects of at least b =
.11, even when participants with missing data are excluded.

Study procedures were approved by local commissions on child
protection in Bucharest, the Romanian Ministry of Health, an
ethics committee of Bucharest University, and institutional review
boards of the institutions of the three principal investigators,
including Boston Children’s Hospital, Tulane University, and Uni-
versity of Maryland. Consent was obtained from children's legal
guardian and assent was obtained from the children.

Physiological Baseline and Peer Evaluation Task at
Age 12

Participants completed resting and task-based SNS activity
assessments on the same day. Thirty minutes after arrival to the
laboratory, participants sat quietly without moving while wearing
ECG equipment for 5 min, during which baseline resting period
was collected.

The peer evaluation task, adapted from a computerized social
rejection task called the Chatroom (Guyer et al., 2008), designed
for children and adolescents, took place over two sessions. The
first session was completed on a prior day without physiological
data collection. Participants were led to believe that they would
play a game to learn how children choose friends and were pre-
sented with 30 photographs of children along with brief profiles of
each child including information on their (a) favorite sport; (b) fa-
vorite food; and (c) favorite music, band, or singer. Participants
were told that they would have an opportunity to meet one of the
other children in a subsequent visit and were asked to select 10
children that they were most interested in meeting. Then the par-
ticipants had their own pictures taken and provided information
about their favorite sport, food, and music, band, or singer to cre-
ate their own profile. Participants were told that the 30 other chil-
dren would view the participants’ picture and profile and decide
whether they want to meet the participant.

In the session with physiological data recording on a subsequent
day, participants were told that each of the 30 children had decided
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whether they wanted to meet the participant. Participants were
then told that they would learn which of these children wanted to
meet them. Trained experimenters delivered feedback about how
the participants were ostensibly rated by other children in several
phases. The photos of the 30 other children were arranged on two
boards, one green and one red. The 10 photos of the children who
the participants wanted to meet were placed on the green board;
the 20 photos of children who the participant did not want to meet
were placed on a red board. Children were told that each photo
would be moved to another set of two new boards—photos moved
to the green board were children who wanted to meet the partici-
pants, whereas photos moved to the red board were children who
did not want to meet the participants.
First, the experimenter delivered feedback about five of the 10

children who the participant wanted to meet. Each of these photos
were moved to the red board, indicating that these children did not
want to meet the participant. Next, the experimenter delivered
feedback about 10 of the 20 children who the participant did not
want to meet. Half of the photos were moved to the green board,
and half were moved to the red board. These two rounds of feed-
back were repeated for the remaining five children, who the partic-
ipant wanted to meet, followed by the 10 children who the
participant did not want to meet. The experimenters were trained
to provide feedback every 20 s throughout the feedback phase and
pretended to read responses off a piece of paper with responses of

the 30 children about the participant. Physiological responses were
recorded during the 2 min periods when experimenters provided
rejection feedback about the 10 children who the participant pre-
ferred and who did not want to meet the participant (i.e., 0 out of
the 10 children wanted to meet the participants). After the task, par-
ticipants reported their emotions using a visual-analog scale by cir-
cling a face that best described how they felt (1 = more positive
affect; 5 = more negative affect; see online Supplemental Materials
Figure S1). Research assistants then debriefed the participants about
the true nature of the task and communicated that the other children
had never provided evaluations of them and that the feedback that
was given was not real. Task stimuli were from a database includ-
ing head-shot photographs of actors ages 11-17 who posed happy
expressions under the instruction of an acting coach (Nelson et al.,
2004). Participants’ own photograph are original photos.

Physiological Data Analysis

ECG and ICG data were scored by blinded raters. Signals were
averaged into 1 min epochs using Mindware Software (Mindware
Technologies). PEP, a measure of sympathetic nervous system
activation, representing the amount of time that elapses from the
beginning of ventricular depolarization to the opening of the aortic
valve (electrical systole), was calculated based on the ECG and
ICG signals. The Q onset in the ECG and B onset in the ICG were

Figure 1
CONSORT Diagram

Excluded (n=51)
Not meeting inclusion criteria: (n = 51)
due to medical conditions: genetic
syndromes, frank signs of fetal alcohol
syndrome, (based on facial
dysmorphology), and microcephaly using
standards from Tanner (1973). 

Analyzed in mediation and moderated 
mediation (n=68)

Had physiological data age 12 (n=43)
Had peer problems data age 12 (n=54)
and age 16 (n=49)
Had friendship quality data age 12
(n=48)

Allocation

Analysis

Follow-Up at age 12

Randomized (n=136)

Enrollment

COMMUNITY
INSTITUTION

Analyzed in mediation and moderated 
mediation (n=135)

Had physiological data age 12 (n=47)
Had peer problems data age 12 (n=50) and
age 16 (n=47)
Had friendship quality data age 12 (n=50)

BEIP: Placement at 16 Years

Analyzed in mediation and moderated 
mediation (n=68)

Had physiological data age 12 (n=47)
Had peer problems data age 12 (n=54)
and age 16 (n=52)
Had friendship quality data age 12
(n=50)

Participation at 12 Years (n= 51):
28 Retained Original Enrollment; 23 recruited at 
8 years; 82 discontinued

Participation at 12 Years (n=56)
12 Discontinued

Participation at 12 Years (n=58)
10 discontinued

Allocated to Foster Care (n=68) Allocated to Care as Usual (n=68)

Assessed for eligibility
(n=187)

Never-institutionalized
children (n=72)

002
005
011
016
019
021
023
025
026
028
030
033

34
035
038
048
049
050
051
055
058
062
067
069
070
076
077
078
080
081
084
86
087
088
089
093
096
098
100
101
103
106
110
113
114
115
159
160
166
168
183
190
203
187
006
008
009
010
012
013
014
015
017
020
024
027
029
032
037
039
040
041
042

043
044
045
052
054
056
060
061
065
066
071
073
074
079
083
085
090
091
092
094
095
097
104
105
107
109
111
112
116
117
140
143
164
174
200
302
303
305
308
313
314
315
323
325
326
327
328
338
339
340
342
346
347
352
354
361
118
119
120
121
122
125
126
127
136
137
139
141
144
146
147
149
152
156
158
165
169
170
172

Enrolled at 8 years (n=61)

Participation at 16 Years (n=53)
15 Discontinued

Follow-Up at age 16 Participation at 16 Years (n=56)
12 Discontinued

Participation at 16 Years (n=50):
28 Retained Original Enrollment; 20 recruited at 
8 years; 2 recruited at 16 years; 85 discontinued

Note. See the online article for the color version of this figure.
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placed using validated automated scoring algorithms (Berntson et
al., 2004; Lozano et al., 2007) that were visually inspected to
ensure accurate placement and adjusted if needed. Stroke volume
(SV), estimated from the dz/dt signal, provided an estimate of the
amount of blood ejected from the heart on each cardiac cycle
(Sherwood et al., 1990). There was high reliability across the two
rejection feedback periods for PEP reactivity (r = . 97, p , .001).
PEP reactivity scores were calculated by subtracting the mean
value at baseline from the mean across the two social rejection
periods. More negative values of PEP reactivity reflect greater
sympathetic activation.

Adolescent Friendship Quality at Age 12

Participants completed the Friendship Quality Questionnaire
(Parker & Asher, 1993), which measured multiple dimensions of
relationship quality with reference to their best friend. The six
dimensions of friendship quality include validation and caring,
conflict resolution, conflict and betrayal, help and guidance, com-
panionship and recreation, and intimate exchange. Examples of
items include “would like me even if others didn’t” and “loan each
other things all the time.” Items were rated on a 5-point scale (0 =
not at all true, 4 = really true). A total score of friendship quality
was calculated by averaging the five dimensions measuring posi-
tive aspects of friendship quality which were correlated (rs = .38
to .69, ps , .001), excluding conflict and betrayal, which was
uncorrelated or weakly correlated with the other five dimensions
(rs = �.03 to �.21; Blair et al., 2014). This total scale showed
strong internal consistency (a = .91).

Peer Problems at Ages 12 and 16

Foster parents of the FCG and parents of the NIG completed the
MacArthur Health and Behavior Questionnaire (Essex et al.,
2002). For children living in institutions, a caregiver who knew
the child best completed the questionnaire. The HBQ measures
symptoms of mental and physical health problems, as well as
social and school functioning of the child. Peer problems were
measured using two subscales: (1) peer acceptance/rejection and
(2) bullying. Example items include, “actively disliked by other
kids, who reject him/her from their activities,” and “is teased or
ridiculed by other kids.” Items were rated on a 4-point scale (1 =
not at all like child, 4 = very much like child). In this sample, the
subscales showed strong consistency (a = .87 to .93). Scores from
the two subscales were combined to create a composite score of
peer problems.

Data Analyses

Path analyses were performed in Mplus Version 8 to test the
study’s hypotheses. To test whether PEP reactivity to peer rejec-
tion at age 12 indirectly explains the relation between study group
and later peer problems, a simple mediation model was performed.
To further test whether the indirect effects depended on levels of
friendship quality, a moderated mediation model including an
interactive pathway between PEP reactivity and friendship quality
was performed. To assess the first aim examining the effect of
institutionalization compared with never-institutionalized children,
the models included two dummy-coded group variables with the

NIG as the reference (CAUG vs. NIG and FCG vs. NIG; Hayes &
Preacher, 2014). To test the second aim assessing the effect of fos-
ter care compared with care as usual, the model was run again
with CAUG coded as the reference (FCG vs. CAUG and NIG vs.
CAUG). Statistical significance of indirect effects was determined
with 10,000 bootstrapped 95% bias-corrected confidence intervals
(CI; MacKinnon et al., 2002). Conditional effects of friendship
quality on the indirect effect was assessed at high and low (61
SD) levels of friendship quality. Moderators and mediators were
mean-centered before creating the interaction terms.

In all models, we adjusted for sex differences and prior peer
problems at age 12 (i.e., peer problems at age 16 was regressed on
peer problems at age 12 and sex; PEP reactivity was regressed on
sex). Residual covariances among predictors and the mediator
were included, resulting in fully saturated models; thus, we do not
report model fit. Full information maximum likelihood estimation
was used to reduce potential bias in parameter estimates due to
missing data and to analyze all available data (i.e., N = 271, 68
CAUG, 68 FCG, 135 NIG; Enders & Bandalos, 2001). Individuals
with missing data did not differ from those without missing data
on key variables, including peer problems (p = .518), friendship
quality (p = .839), and PEP reactivity (p = .776) at age 12, nor de-
mographic variables, such as sex (p = .979). There were more
missing data in the NIG compared with the CAUG and FCG (p ,
.001) since the NIG did not always return to the study. The per-
centage of participants with missing data in each group varied
across variables of interest (PEP reactivity: 38% CAUG, 31%
FCG, 65% FCG; friendship quality: 29% CAUG, 27% FCG, 63%
NIG, peer problems at age 12: 19% CAUG, 24% FCG, 63% NIG;
peer problems at age 16: 29% CAUG, 31% FCG, 66% NIG).
However, we ensured that the recruited NIG always matched on
sex and age to the CAUG and FCG.

In sensitivity analyses, the mediation and moderated mediation
models were repeated using Bayesian path analyses in Mplus, Ver-
sion 8. Bayesian estimation performs better with smaller data sets
and does not assume normality of distribution in the indirect
effects compared with the maximum likelihood estimation and
bootstrapping method in the main analysis (Van De Schoot et al.,
2015). Bayesian path analyses were estimated using Markov
Chain Monte Carlo (MCMC) simulations and Gibb’s algorithms.
Samples were derived from two chains and 200,000 iterations,
with the first 100,000 iterations as the “burn-in” phase that did not
represent the posterior distribution. To derive indirect effects with
two-tailed 95% credibility intervals and one-tailed p-values from
posterior probability distributions, the input data were expressed
as standardized values. Normally distributed informative priors for
regression coefficients of the effect of group on PEP reactivity
(CAUG vs NIG: b = .80, SD = .10; FCG vs NIG: b = .51, SD =
.15; FCG vs CAUG: b = �.29, SD = .08), and the effect of PEP
reactivity on social problems (b = .31, SD = .03) were expressed
as standardized values and SDs. These priors were based on our
previous report showing moderate to large effects of institutionali-
zation and foster care intervention on PEP reactivity to various
social stressors at age 12 (CAUG vs NIG: b = .65 to .95; FCG vs
NIG: b = .44 to .58; FCG vs CAUG: b = �.21 to �.37; McLaugh-
lin et al., 2015), and a moderate association between PEP reactiv-
ity to social rejection and peer problems at age 12 (r = .31; see
Table 1). A similar effect size for the relation between cardiac
responses to social exclusion and peer problems (b = .30) also has
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been reported in another study (White et al., 2021). For the inter-
action effect between friendship quality and PEP reactivity, we
used a medium effect size (b = .35, SD = .10). Convergence of
the model was determined with a strict potential scale reduction
(PSR) criterion value of 1.01 (Gelman et al., 2013). Model fit
was determined with posterior predictive p-value between .05 to
.50 (values close to .50 indicate excellent fit) and 95% CIs for
the chi-square difference between observed and simulated data,
with the center of the interval being close to zero (Asparouhov &
Muthén, 2021).

Results

Preliminary Analyses

Task Effect

Task effects have been previously reported (McLaughlin et al.,
2015). In the full sample, peer rejection feedback elicited greater
PEP (M = 97.33, SD = 9.85) compared with baseline (M = 98.90,
SD = 9.75), t(135) = �5.14, p , .001. This indicated that peer
rejection engaged SNS activation. Greater PEP reactivity to rejec-
tion feedback correlated with more negative affect reported after
the task (r = �.21, p = .015), indicating that changes in sympa-
thetic reactivity was a correlate of negative affect linked to social
rejection.
Descriptive statistics of measures across groups are reported in

Table 2. Group contrasts using t tests showed group differences in
peer problems at ages 12 and 16, with the ever-institutionalized
groups (both CAUG and FCG) showing more problems than the
NIG. The FCG and CAUG showed comparable levels of peer
problems at ages 12 and 16. For physiological and behavioral
responses to the rejection task at age 12, the CAUG and FCG
showed less PEP reactivity (i.e., less sympathetic activation) and
more positive affect after the task compared with the NIG, as pre-
viously reported (McLaughlin et al., 2015). The CAUG and FCG
did not differ in PEP reactivity and affective ratings after the task.
There were no group differences in friendship quality at age 12.
Bivariate correlations among measures collapsed across groups are

reported in Table 1. Less PEP reactivity to rejection feedback at age
12 correlated with more peer problems at ages 12 and 16 (rs = .29 to
.31, ps , .001). Friendship quality at age 12 was not concurrently
related to PEP reactivity or peer problems at age 12, but was related to
fewer peer problems at age 16 (r =�.20, p, .05).

Effect of Early Institutionalization

Mediation. The first question addressed whether PEP reactiv-
ity to social rejection mediates the effect of early institutionaliza-
tion on peer problems. In the simple mediation model, both the
CAUG and FCG showed less PEP reactivity (i.e., less sympathetic
activation) to peer rejection at age 12; in turn, less PEP reactivity
to peer rejection was related to greater peer problems at age 16
(see Table 3). Follow-up analyses showed that the indirect effect
via PEP reactivity to rejection in the associations between early
institutionalization (i.e., both CAUG and FCG) and later peer
problems were significantly different than zero relative to the NIG
(Table 4A).

Moderated Mediation. The second question addressed
whether high quality friendship can attenuate the effect of early
institutionalization on peer problems. Results from the moderated
mediation (Figure 2A) showed that the indirect effect of study
group on peer problems via PEP reactivity depended on friendship
quality, b = �.17, b = �.04, SE = .02, p , .05 (see Table 3). Sim-
ple slopes tests of this interaction indicated that at low (b = .05, SE
= .02, p = .005), but not high (b = .00, SE = .01, p = .969), levels
of friendship quality, less PEP reactivity at age 12 predicted more
peer problems at age 16 (Figure 2B). Similarly, follow-up analyses
revealed significant conditional indirect effects at low, but not
high, levels of friendship quality (Table 4B): Among adolescents
with a history of institutionalization (i.e., CAUG and FCG) with
low quality friendships, less PEP reactivity predicted more peer
problems, compared with the NIG. In contrast, the indirect effects
were not statistically significant at high levels of friendship quality
(Table 4B), indicating that high-quality friendships diminished
this indirect effect.

Intervention Effect of Foster Care

To assess the intervention effect of foster care, we compared the
FCG to the CAUG by repeating the prior models; whereby, the
reference group was changed to the CAUG. Results from the sim-
ple mediation model showed that the FCG and CAUG did not dif-
fer in the magnitude or direction of any path coefficients for direct
effects on the outcome, mediator (online Supplemental Materials
Table S1), nor indirect effect (online Supplemental Materials
Table S2). Likewise, in the moderated-mediation model, none of
the path coefficients (online Supplemental Materials Table S1) nor

Table 1
Bivariate Correlations Among Variables

Measures 1 2 3 4 5 6

1. PEP reactivity to peer rejection age 12 —

2. Affect after peer rejection age 12a �.21* —

3. Friendship quality age 12 �.06 �.13 —

4. Peer problems age 12 .31* �.05 �.02 —

5. Peer problems age 16 .29* �.14 �.20* .37* —

6. Sex (male) .08 .20* �.34* .09 .30* —

Age at foster care placement �.05 �.02 �.19 .10 .19 .26

Note. PEP = preejection period. PEP and affective ratings (n = 137), friendship quality (n = 148), problems at age 12 (n = 158),
and age 16 (n = 148). Age at foster care placement (n = 65).
a Higher values indicate negative affect.
*p , .05. ** p , .001.
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the conditional indirect effects (online Supplemental Materials
Table S2) were statistically different.

Sensitivity Analysis

Results from the sensitivity analyses using Bayesian estimation
revealed a similar pattern of results in the mediation model and
moderated mediation models (online Supplemental Materials
Table S3). In examining the effect of early institutionalization
(i.e., CAUG and FCG) on peer problems, the unconditional indi-
rect effect via less PEP reactivity was statistically significant at
one-tailed p-values , . 05, though the two-tailed credibility inter-
vals included zero. The conditional indirect effect through low
friendship quality was also significant, as indicated by both one-
tailed p-values , .05 and credibility intervals that did not include
zero. In examining the effect of foster care intervention, we again
found no statistically significant differences in the unconditional
and conditional indirect effects between the FCG and CAUG
(online Supplemental Materials Table S3).

Discussion

This study leverages data from the BEIP to examine sympa-
thetic reactivity to social rejection feedback as a developmental
pathway linking early institutional rearing with peer difficulties
and the protective role of supportive friendships. Results showed
that less PEP reactivity to social rejection feedback at age 12 par-
tially explained the association between early institutionalization
and greater peer problems at age 16, when previously institutional-
ized adolescents had low-quality friendships at age 12. In contrast,
these indirect effects were not evidenced in previously institution-
alized adolescents who had high-quality friendships at age 12. We
found no effect of foster care intervention compared with care as
usual in any direct or indirect effects. These findings suggest that
blunted sympathetic responses to social rejection might play a role
in contributing to greater peer problems following early institu-
tionalization. However, the development of supportive friendships
can diminish the effect of blunted sympathetic reactivity on further
peer problems.

The mediating role of blunted sympathetic reactivity to social
rejection feedback converge with studies of humans and animal
models, which suggest that dysregulated stress physiology as a
pathway through which early adverse caregiving experiences con-
tribute to social and emotional difficulties (Gunnar, 2000; Lupien
et al., 2009; McEwen, 2004). Our findings extend prior work
reporting blunted HPA responses to strangers and novelty mediate
the relations between early institutionalization and peer and exter-
nalizing problems in early childhood (Koss et al., 2016; Pitula et
al., 2019). Less sympathetic reactivity in the context of social
rejection observed among previously institutionalized adolescents
might reflect fearlessness or unresponsiveness to being rejected.
This interpretation aligns with their positive affective ratings after
the task compared with the NIG who reported more negative
affect, and aligns with studies showing associations between
blunted sympathetic responses, callousness, and poor social func-
tioning (T. P. Beauchaine et al., 2007; Hinnant et al., 2016;
Obradovi�c et al., 2011; Ortiz & Raine, 2004). Underresponsive-
ness to social rejection can lead to inappropriate behavioral adap-
tation in social interactions, as hypo-arousal of the sympatheticT
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adrenomedullary system influences individuals’ attentional proc-
esses (Giuliano, Karns, Bell, et al., 2018; Giuliano, Karns, Roos,
et al., 2018; Hajcak et al., 2003) and reaction to cues of punish-
ment (van Honk et al., 2003). Over time, bidirectional transactions
among inappropriate interactions with peers, adverse peer experi-
ences, including social withdrawal, a lack of peer relationships,
and maladjustment are expected (Deater-Deckard, 2001; Rubin et
al., 2007). In fact, postinstitutionalized youth are known to exhibit
persistent insensitive social behaviors (Bruce et al., 2009; Guyon-
Harris et al., 2018; Humphreys et al., 2015; Sonuga-Barke et al.,
2010) and peer problems, including peer rejection which are asso-
ciated with their inattentive and aggressive behaviors (Humphreys
et al., 2019; Pitula et al., 2019). Together, these findings suggest
the ways in which blunted sympathetic reactivity to peer rejection
might lead to further peer problems. However, we cannot establish
discriminant predictive utility of peer rejection feedback beyond
the social evaluative context of the task without data in other con-
ditions. For example, blunted sympathetic reactivity to peer accep-
tance could also be related to inadequate affective responses in
peer interactions that contribute to social problems.
In addressing the role of friendships, we found that high-quality

friendships diminished the effect of blunted SNS reactivity on
peer problems in previously institutionalized youths in the main
analysis and sensitivity analysis. This finding suggests that posi-
tive friendships, which provide adolescents with social support
beyond parental figures, can remediate some harmful effects of
early institutionalization. These results extend prior studies report-
ing that high-quality friendships help to reduce maladjustment in
children and adolescents exposed to other forms of early adversity
(Bolger et al., 1998; Criss et al., 2002; van Harmelen et al., 2016),
or negative parenting (Gaertner et al., 2010; Lansford et al., 2003).
Supportive friendships in adolescence may function in several
ways to reduce peer problems such as peer victimization (Bollmer
et al., 2005; Kendrick et al., 2012). First, supportive friendships
provide companionship and opportunities for socialization and
developing social skills, including learning how to positively

reciprocate with each other (i.e., talking, laughing), how to handle
social conflicts, and what social norms to follow (Bukowski et al.,
1998; Hartup & Stevens, 1997; Sullivan, 2013). Second, from a
social capital perspective, supportive friendships are social resour-
ces that provide emotional support, self-esteem, and knowledge to
help adolescents adjust to later challenges (Bukowski et al., 1998;
Hartup & Stevens, 1997; Rubin et al., 2004; Sullivan, 2013).
Third, from an attachment perspective, supportive friendships in
previously institutionalized adolescents may compensate for miss-
ing close caregiving relationships (Nickerson & Nagle, 2005) to
alter negative trajectories. These examples demonstrate the poten-
tial positive developmental significance of supportive friendships
in previously institutionalized adolescents.

In assessing the effect of foster care intervention, we were
unable to find statistically significant intervention effects in the
main analysis and sensitivity analysis. This null effect might be
due to statistical power limitations linked to our modest sample
size, as such this result is interpreted with caution. Though, in line
with this null effect, our prior studies in this sample suggest that
foster care is effective in reversing negative outcomes in some, but
not all, aspects of peer and social functioning. For example, in
childhood, the FCG has better social communication skills (Levin
et al., 2015) and is less verbally reticent during an interaction with
an unfamiliar peer compared with the CAUG (Almas et al., 2015);
however, the two groups show comparable displays of socially
withdrawn (e.g., onlooking) and engaged (e.g., cooperative)
behaviors during the peer interaction (Almas et al., 2015). Other
negative social outcomes that are not eradicated by foster care
intervention alone include peer rejection and victimization prob-
lems in adolescence (see Table 2), which persist into adolescence.
Furthermore, our previous study showed that while the foster care
intervention remediated SNS reactivity to performance stressors, it
did not improve SNS reactivity to peer evaluation measured in the
current task (McLaughlin et al., 2015). The present findings and
nuances in which specific outcomes the foster care intervention
can improve do not invalidate prior beneficial effects of foster care

Table 3
Results From Mediation and Moderated Mediation Models Comparing Institutionalized Groups (i.e., CAUG
and FCG) to the Never Institutionalized Group (NIG)

Simple mediation Moderated mediation

Parameters b b [95% CI] b b [95% CI]

Effect on mediator: PEP age 12
CAUG vs. NIG .28* 2.31 [.90, 3.88] .28* 2.32 [.89, 3.91]
FCG vs. NIG .19* 1.56 [.08, 3.15] .19* 1.57 [.08, 3.17]
Sex (male) .05 .37 [�.80, 1.48] .05 .37 [�.80, 1.48]

Effect on outcome: Peer problems age 16
PEP age 12 .13* .02 [.01, .04] .16* .02 [.01, .05]
CAUG vs. NIG .17* .21 [.01, .42] .14 .17 [�.04, .39]
FCG vs. NIG .13 .17 [�.00, .36] .11 .14 [�.03, .33]
Peer problems age 12 .24* .22 [.07, .38] .24* .21 [.07, .38]
Sex (male) .23* .25 [.09, .42] .21* .23 [.05, .42]
FQ age 12 �.07 �.06 [�.20,.09]
FQ 3 PEP �.17* �.04 [�.09, �.01]
R2 PEP .08 .08
R2 Peer problems age 16 .24 .27

Note. N in analyses = 271. Reference group was NIG = never-institutionalized group; CAUG = care as usual group; FCG =
foster care group; PEP = preejection period; FQ = friendship quality; CI = confidence interval.
* p # .05. ** p # .01.
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documented in other development domains (Debnath et al., 2020;
Humphreys et al., 2018; Johnson et al., 2018; Nelson et al., 2007;
Wade et al., 2018), nor the beneficial effects of supportive
friendships.
The protective effects of supportive friendships have implica-

tions for interventions. Establishing and maintaining high-quality
friendships require the ability to appropriately reciprocate during
peer interactions, which can be difficult tasks for previously insti-
tutionalized children. Interventions that improve social communi-
cation skills, such as listening to their peers to understand others’
perspectives and responding empathically, and interpersonal prob-
lem-solving skills, such as controlling negative emotions and
behaviors while resolving peer-conflicts, might be beneficial. As
these adolescents age into adulthood, it would be important to
examine other significant sources of social support, such as roman-
tic partners, as buffers against maladjustment in adulthood.

Our findings are considered based on several strengths and limi-
tations. Strengths include a longitudinal randomized design and
theoretically grounded mediation models with variables and cova-
riates in appropriate temporal sequences to support causal infer-
ences about biological mechanisms. We also used a laboratory-
based task to examine autonomic responses to peer rejection feed-
back at salient social development stages. However, there were
several limitations. First, autonomic data were not collected during
acceptance conditions. As such, we cannot provide discriminant
validity or draw definitive conclusions about task manipulation
based on differences between acceptance compared with rejection
conditions, beyond the peer evaluative component of the task. Sec-
ond, even though the passive receipt of rejection feedback reduces
artifacts in the autonomic data, this design did not allow for partic-
ipant interactions. Third, friendship quality was self-reported,
which reflect the participants’ subjective perception, and peer
problems were reported by parents which may not provide a holis-
tic perspective of peer problems in school settings. As such, it
would be important for future studies to obtain more objective
peer-nominations. Fourth, due to small sample sizes, we were
unable to examine interactions with sex. To our knowledge, no
prior studies have examined sex interactions in the relations
between the SNS and peer problems among previously institution-
alized adolescents, though studies of typically developing adoles-
cents suggest sex differences in some forms of peer victimization
(i.e., physical bullying; Hong & Espelage, 2012) and some aspects
of friendships (i.e., expression of intimacy) (Hussong, 2000; Rose
& Rudolph, 2006). Future studies should use larger sample sizes
to examine potential sex differences in this developmental path-
way. Finally, while our goal was to identify how friendship might
exert its protective effect on peer outcomes, we cannot establish
causal relations between friendship and peer problems. Even
though friendship quality with a best friend and peer likeability

Table 4
Unstandardized Indirect Effects From the Mediation Model (A)
and Conditional Indirect Effects at Low and High Levels of
Friendship Quality From the Moderated Mediation Model (B)

Estimates b [95% CI]

(A) Indirect effects
CAUG vs. NIG .045 [.005, .116]*
FCG vs. NIG .030 [.001, .092]*

(B) Conditional indirect
effects

At low FQ
(�1 SD)

At high FQ
(1 SD)

CAUG vs. NIG .112 [.031, .249]* �.001 [�.079, .054]
FCG vs. NIG .076 [.007, .202]* �.001 [�.056, .039]

Note. N in analyses = 271. NIG = never-institutionalized group; CAUG
= care as usual group; FCG = foster care group; FQ = friendship quality;
CI = confidence intervals.
* p , .05.

Figure 2
Results From the Moderated Mediation Model and (B) Interaction Between PEP Reactivity to Peer Rejection Feedback and
Friendship Quality on Peer Problems
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Note. Standardized estimates are shown in path diagram. Group was dummy coded with NIG as the reference. To test the intervention effect, the analyses
were run again with CAUG as the reference group. Paths accounting for sex are not shown for simplicity but are in Table 3. FQ = friendship quality; PEP =
preejection period; NIG = never institutionalized; CAUG = care as usual group; n.s. = nonsignificant; FCG= foster care group. *p , .05. **p , .001. See the
online article for the color version of this figure.
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and victimization by peers (measured by our peer problems com-
posite) are distinct constructs theoretically and empirically (see
Table 1), it is possible that these relations are driven by a third
unmeasured construct. For example, children with certain person-
alities (e.g., sociable) or children who were already more socially
competent, would be able to attract supportive friendships and
might be more resilient to peer rejection and victimization.
In conclusion, blunted sympathetic reactivity to social rejection

is one pathway that links early institutionalization with peer diffi-
culties in adolescence, though this pathway depends on friendship
quality. These findings have implications for targeting stress-regu-
lation early in life and/or building social skills and peer support
systems of institutionalized children to alter adverse trajectories.
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