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Abstract
The early experience of social and emotional négsech as that seen in institutions for
the care of orphaned or abandoned children, iscadsd with altered neurobiological
functioning and elevated risk for externalizing aefor problems; however, many post-
institutionalized children appear resilient to tnedfects. This resiliency calls into
guestion how post-adoption parenting practices aoaribute to the heterogeneous
outcomes seen in these children. This study exahthemoderating role of current
parent emotion socialization practices on the i@tabetween early caregiving and
indices of children’s autonomic nervous system fioméing at baseline and in response to
ecologically valid challenges. Etiological factooghavioral, and physiological correlates
for externalizing behavior were also examined. S&mple consisted of 8 to 9-year-olds,
and compared post-institutionalized (P1) internadiby-adopted children with children
internationally-adopted from foster care (PFC) ahidren raised by their biological
families (NA). Parents self-reported on their amagement of emotional expression and
distress reactions to children’s negative emotidasternalizing behavior was measured
by parent report. Children’s basal level of restary-sinus arrhythmia (RSA) and non-
specific skin conductance response (NS.SCR) weesuned as well as reactivity to
challenge. Results indicated that under conditafriigh parental distress, PI children
displayed a unique autonomic pattern charactetigeuigh basal RSA, and less RSA
withdrawal and greater NS.SCR reactivity withiremtersonal contexts involving their
parent. High parental distress was associatedloxtber basal RSA for the PFC group.

The PI group evidenced elevated externalizing behscompared to comparison



groups. Greater externalizing behaviors were $arethose P children who displayed
high basal RSA and NS.SCR augmentation to challentiee context of high parental
distress. Results suggest that post-adoption pagegpractices, in conjunction with the

child’s physiology, contribute to the emergencexternalizing problems in PI children.
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Externalizing Behavior in Post-Institutionalized Children: An Examination of
Parent Emotion Socialization Practices, RespiratonSinus Arrhythmia, and Skin
Conductance

Developmental theory proposes that the presenserditive, responsive, and
consistent caregiving early in life facilitates ptiée emotional functioning (Bowlby,
1982). Early in development, caregivers servateal function as behavioral and
physiological coregulators for children; caregivicitaracterized by availability,
attentiveness and sensitivity to the child’s nestsicturing of the environment, and
responsiveness to the child’s signals, appearsethiate the body’s reaction to stress
(Gunnar & Donzella, 2002; Gunnar, Fisher, & Thelf{&ixperience, Stress, and
Prevention Network, 2006; Hofer, 1994; Levine, 20@vidence from human and
animal studies of early social deprivation suggjest failure to receive consistent,
emotionally responsive caregiving early in life nfewe effects on the regulation of
vulnerable neurobiological systems undergoing raeikelopment (reviewed in Nelson,
de Haan, & Fox, 2007), programming them in way$ &éne adaptive within the adverse
rearing context, a process known as experiencetiadgpogramming (Rutter,
O’Connor, & the ERA Study Team, 2004). Howeveth# child moves to an improved
caregiving environment, these neurobiological pagenay no longer be adaptive and
may contribute to emotion and behavior problemsréidall & Kenney, 2009).

Children internationally adopted from institutiom®vide a natural opportunity to
examine how two extremely different caregiving eamments, one that was socially and
emotionally depriving and another rich in sensi@wvel responsive care, interact to

influence indices of physiological functioning aslixas emotionally-driven behavior.



Because the deprivation occurred during a circuimedrperiod early in development
and the adoption into the improved environment lkapg later but within the first five
years of life, we can also explore how the timihgaregiving experiences may impact
biology and how post-adoption parenting practicey serve to reverse the damage
incurred by these experiences. The level of seowtional neglect that institutionalized
children experience varies widely. Most institagcare characterized by high child-to-
caregiver ratios (e.g., > 1 to 6), frequent sHifhreges, and continuous staff turnover so
that children are often cared for by multiple caregs with little continuity of care
(Zeanah, Smyke, & Settles, 2006). The little indlixal care that is provided is quick,
perfunctory, and routinized; the lack of sensi@wel responsive social-emotional
communication occurring between child and caregmakes it challenging for the
child’s emotional and social needs to be met ana@ttachment relationships to develop
(Smyke, Dumitrescu, & Zeanah, 2002; Smyke et 80,72 The St. Petersburg — USA
Orphanage Research Team, 2005, 2008; Zeanah 20@6). Some institutions are
particularly harsh; in addition to chronic socio-@mnal neglect, children may
experience physical and sexual abuse and inademuegtieal care and nutrition
(Johnson, 2000). Once placed in adoptive famipest-institutionalized (P1) children
show significant developmental catch-up in manasi@lacLean, 2003). However,
post-adoption, a minority of children exhibit eléa@ rates of externalizing behaviors
characterized by conduct problems, oppositionabhdeé, and aggression which tend to
persist or even worsen over time (Colvert et &0& Hawk & McCall, 2010).

In addition to externalizing behavior, some Pl dteh also exhibit disturbed

neurobiological functioning, particularly in thertdext of social-emotional stimuli



(Wismer Fries, Shirtcliff, & Pollak, 2008; Wismeri€s, Ziegler, Kurian, Jacoris, &
Pollak, 2005), prompting the current study investiigg the impact of institutional care
on parasympathetic (PNS) and sympathetic (SNS)chemof the autonomic nervous
system. These systems serve a critical role intiemad arousal and regulation (Porges,
2001, 2003, 2007; Thayer & Lane, 2000). Littl&mown regarding the plasticity of the
PNS and SNS but a growing body of literature suggist caregiving experiences
program these systems during sensitive periodewldpment (e.g., Porges & Furman,
2011). Furthermore, research suggests that theaBNENS exhibit different patterns of
reactivity across varying contexts (Bush, Alkonraovic, Stamperdahl, & Boyce,
2011) and that variable response patterns areymhrd to the impact of early experiences
(Oosterman, Clasien de Schipper, Fisher, DoziggcBuengel, 2010; Pollak, Vardi,
Putzer Bechner, & Curtin, 2005; Saltzman, Holderid&ahan, 2005). Thus, the current
study investigated PNS and SNS reactivity acrostogically valid social and cognitive
tasks.

While the institutional environment is likely inw@d in the development of
regulatory biological systems, the post-adoptiovirenment may also have an
ameliorative impact, though little is known regaglthe specific components of post-
adoption parenting that may contribute to bio-bébra regulation. One component of
parenting shown in the literature to contributeddren’s emotional, behavioral, and
physiological regulation is emotion socializatiaagices (Eisenberg, Cumberland, &
Spinrad, 1998; Hastings et al., 2008). This stmyght to examine the moderating role
of current parent emotion socialization practicestee relationship between early socio-

emotional neglect and indices of PNS and SNS fanetg by comparing PI children



with children adopted from foster care (PFC) and-adopted (NA) children raised with
their biological families. This study also investied how PNS and SNS functioning and
emotion socialization practices contributed to endézing behavior in post-
institutionalized children.
Externalizing Behaviors in Post-Institutionalized Children

A developmental psychopathology perspective undeescthe importance of
viewing abnormal behaviors as being extreme manifiess of adaptive behaviors
(Cicchetti & Richters, 2003). In typically-deveiog samples, externalizing behaviors in
the toddler years such as noncompliance, aggretsiard peers and siblings, difficulty
controlling anger, and poor impulse control are ocwn complaints of parents (Koot,
Van Den Oord, Verhulst, & Boomsma, 1997). Thedwmb®rs likely represent toddlers’
efforts to establish autonomy, test limits, andcpca social skills. For the most part,
externalizing behaviors tend to be more prevalethé younger years and show a
decreasing developmental trajectory to late adelese (Bongers, Koot, van der Ende, &
Verhulst, 2004). More serious externalizing bebaproblems are characterized by high
frequency and severe behaviors that impact sederahins of functioning and are
evident across different people and contexts. Sdildren appear to develop
externalizing problems early and these behaviorsigteover the life course and may
worsen over time (Aguilar, Sroufe, Egeland, & Canls2000; Moffitt, Caspi, Dickson,
Silva, & Stanton, 1996). It has been suggestedaimang many factors (i.e.,
temperament, genetic predisposition), psychosacdersity and poor parenting may
contribute to these early emerging and pervasitaweral problems (Aguilar et al.,

2000; Moffitt et al., 1996). In contrast, a lateset course has also been identified in



which externalizing behavior problems do not emengg adolescence (Moffitt et al.,
1996) and this later onset of problems has beesceaded with concurrent life stress
(Aguilar et al., 2000). The age at which exterriaty behaviors are first noted in children
from institutional care is often unknown, mostlychase adoptive parents are given very
little information about their child's pre-adoptigdevelopment. Post-adoption, several
studies have found that externalizing behaviorpaoblematic; however, a consistent
developmental trajectory has not emerged.

After they move into stable families, many PI chalid exhibit behavior regulation
within the normal limits but some studies have firgher than typical rates of
externalizing behaviors, with base rates for seeknécal-level externalizing problems
that are present years after adoption being hitjtzar expected (Ames, 1997; Groza et
al., 1999; Hoksbergen, Rijk, van Dijkum, & ter La&k04; Stams, Juffer, Rispens, &
Hoksbergen, 2000; Tan & Marfo, 2006; Verhulst, Allils, & Versluis-den Bieman,
1990a, b, c; Verhulst, Althaus, Versluis-den BientE392; Wiik et al., 2011). In one
study, very young recently adopted PI childrenmhtishow greater externalizing
behaviors until they were followed up several ydarsr, whereby conduct problems
became evident 3 to 8 years post-adoption (Figtraes, Chisholm, & Savoie, 1997;
Maclean, 2003). In a meta-analysis, authors caeduhat externalizing behaviors could
be detected in PI children as early as 5 yearg®fdawk & McCall, 2010) and appear
to increase with age rather than decrease (Le Mardet, & Kurynik, 2007), suggestive
of an early-onset trajectory. Inconsistent redudtge emerged with some longitudinal
studies finding no effects of time on conduct diws (Sonuga-Barke, Schlotz, &

Kreppner, 2010) and other studies finding that retézing behaviors may increase from



early to late adolescence (Verhulst, 2000; Verh&l$ersluis-den Bieman, 1995). Thus,
developmental trajectories of externalizing behes/axe not clear. It is notable that
some PI children have shown clinical-levels of exa¢izing behaviors in middle
childhood that appear to increase with age, suggettat institutionalization is related
to profound and enduring deficits in behavior regjoh. However, some studies have
documented no association between externalizing\bets and institutional care
(Cederblad, Hook, Irhammar, & Mercke, 1999; Goldriegnald, Sawyer, Kosky, &
Priest, 1996; Groza & Ryan, 2002), leading somar¢mie that while institutional care
may be associated with problems in some areasasuattachment and
inattention/hyperactivity, it is most likely notsaciated with externalizing-type disorders
specifically (Kreppner, O’Connor, & Rutter, 2001ytier, Kreppner, O’Connor, 2001).
The wide range of externalizing behavior seen ssitgge probabilistic rather than
deterministic influence of early deprivation.

It has been suggested that other factors relategstibutionalization and
international adoption such as age at adoptioreanly adverse experiences may help to
explain why some PI children appear vulnerablegieetbping externalizing behaviors
while others do not. Being older at adoption haanbessociated with increased rates of
externalizing problems in PI children (Gunnar & \mlmen, 2007; Hoksbergen et al.,
2004; Merz & McCall, 2010; Verhulst et al., 1990Motably, the range of distribution
of age at adoption is often limited, with varioushibtomies being made as young as 6
months (Marcovitch et al., 1997) and as old as 2#thrs (Gunnar & van Dulmen, 2007).
Marcovitch and colleagues (1997) found more totabfems in children adopted after 6

months of age (range: 6 — 48 months) compared thiRlren adopted before 6 months,



though a specific preponderance of externalizirttalmrs was not seen. In contrast,
when children were 11-years-old, Colvert and cglless (2008) found elevated rates of
disruptive behaviors in Pl children adopted aften@nths of age from severe globally
depriving Romanian institutions, compared to cleidadopted before 6 months.
Investigating children of various ages ranging fréno 17 years old, others have found
elevated rates of externalizing behaviors in ckildadopted after 24 months compared to
children adopted before 24 months (Gunnar & vamiaul, 2007; Hoksbergen et al.,
2004). Merz and McCall (2010) found higher ratés»dernalizing problems in 6 to 18-
year-old PI children adopted later than 18 montmpmared to children adopted before
18 months. Taken together, these findings arméewith developmental theory, which
posits that problematic parent-child relationship span past a sensitive period are
associated with later maladjustment (Bowlby, 198®&)ugh there is still controversy on
how long this sensitive window extends. In cortirasme studies have found no
relationship between age at adoption and exteingliroblems (Marcovitch et al., 1997;
Groza, 1999).

Because age at adoption and duration of time imtt@ution often correlate at
0.7 or above, age at adoption serves as a proxdui@tion of exposure to the
institutional environment. Later age at adoptitiis, confers certain risks, the specifics
of which are difficult to disentangle and may htgexplain some of the inconsistencies
found for the relationship between age at adopiwhexternalizing behavior. The
behavioral problems associated with older age @ptaah may be related to a child’s pre-
existing health or mental health problems or toatiditional challenges in adapting to

their new environment. Researchers often findtp@sassociations between age at



adoption and greater exposure to preadoption tstsuch as abuse and neglect, leading
some to suggest that the relationship between taggoption and maladjustment
following adoption may be more of a function of gter exposure to early adverse
experiences (Verhulst et al., 1992). Indeedeta-analysis of studies of internationally
adopted children reported higher scores on externglbehavior for children adopted
internationally from adverse backgrounds relatoventernationally adopted children
from less adverse preadoption care, while age@itamh was not a risk factor (Juffer &
van IJzendoorn, 2005). Though important, it camd& impossible to separate the
effects of age at adoption from those of early eslveare (Verhulst et al., 1992).
Additionally, adoptive parents often know very little about tkaat nature and timing of
adverse experiences endured by the child, andréygart of early adversity may be
subject to bias by the current presentation of tti@ld’s behavior or to misinformation
from official records or adoption agencies.

There is evidence to suggest that externalizinglpros may not be specific to
institutional care history, but to other more gaéactors associated with being an
internationally-adopted child such as genetic fesctmalnutrition and maternal stress
during pregnancy, prenatal exposure to substad@siptions in care, and mental health
problems among parents who relinquish or abanden ¢hildren (Johnson, 2000). To
isolate the effects of institutional care, researshave been challenged to find
appropriate comparison groups to control for tHastors. One type of population that
has been used is children internationally-adopted-foster care (PFC) with little-to-no
history of institutional care. Compared to Pl dhéin, PFC children are typically adopted

at younger ages making it difficult to answer giees regarding timing and the impact



of international adoption because age at adopt@omnfounded with group status.
However, the PFC group still shows considerabl&tian with age at adoption ranging
typically from 1 to 12 months. Though informatigrgarding early care history is
limited for this group, one study of children ligimn foster care within South Korea
found that these children experienced stable fastex homes with excellent medical
care, nutrition, and individualized care from tedrparents (Kim, 1995). However, little
is known regarding quality of care in other cowgrutilizing foster care that are open to
international adoption such as Colombia and Gudtentéeveral studies have
documented similar rates of problems seen in adml@gdopted from foster care and
institutional settings (i.e., Gunnar & van Dulm@007). For example, Wiik and
colleagues (2011) found elevated rates of parent-caild-reported externalizing
behaviors in 8- to 11-year-old children adoptedrfriastitutions (adopted between 12
and 50 months) and adopted from foster care (adaitkess than 8 months), compared
to children born and raised in their biological fgnn the US and of similar socio-
economic status to the other groups. This findinggests that it is not just institutional
care per se, but the overall impact of early adiyetisat may persist into middle
childhood.

The lack in consensus regarding when externaliginglems emerge and their
severity may be due to several factors includiregtyipes of questionnaires being used.
Questionnaires used in past studies, such as titek Bdhavior Checklist have focused
on clinical levels of externalizing problems, pdtally missing opportunities to detect
lower-level problems in middle childhood beforeytmeaterialize into more serious

problems in adolescence. Indeed, when less exti@mabs of externalizing behaviors



were investigated using instruments such as theAkllagr Health and Behavior
Questionnaire, younger internationally-adopteddrkih did evidence elevated rates of
problems (Wiik et al., 2011). Once PI childrenezragdolescence and the social and
emotional pressures increase, studies find thaesondence higher clinical levels of
conduct, delinquency, and externalizing problenas thon-adopted adolescents and
younger adopted PI children (Verhulst, 1990a). raN,ethis body of evidence indicates
that it would be beneficial to use assessment ndsttitat might capture emergent
problems in PI children and that middle-childhoodaynbe an important age range to
target for early identification of children who rece additional support before they reach
adolescence.

The past 25 years has seen an influx of internaltiatdoptions stimulating
investigations into the behavioral outcomes ofdreih with early experiences of
adversity. Overall, this body of work suggestd #ealy adversity, in the form of
institutionalization taking place for longer that,the minimum 6 months, may result in
elevated levels of externalizing behaviors. Thouglonsistent, both early- and late-
onset trajectories of externalizing behavior hagerbnoted. Furthermore, other forms of
early adversity, such as abandonment and placemésdter care, may also result in
elevated problem behaviors. Externalizing behavaoe likely to be positively
associated with age at adoption and exposure terselcare. Taking these factors into
account, this study examined externalizing behawiachildren adopted from
institutional care between 9 and 54 months of agenithey were 8 to 9 years of age, a
developmental window during which these behavioay recome more problematic. Pl

children were compared to non-adopted childrendidren adopted from foster care to
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examine whether behaviors were due to early dejpwivar other factors related to
adoption. Externalizing behaviors were also exaahirelative to age at adoption and
early care risk for all adopted children. As comtee by Gunnar (2010, pp. 243), “We
are never going to understand the impact of eapyidation if we continue to ask if it
produces an increased risk of internalizing anereélizing disorders.” To address this
call, this study also examined physiological indioé regulated emotion and parent
emotion socialization practices post-adoption teestigate their respective contributions
to the emergence of externalizing behaviors.
Physiological substrates of emotion regulation

Understanding externalizing behaviors from a dgualental psychopathology
perspective requires examining how interactiomawtiple levels (e.g., biological,
behavioral, and social-contextual) contribute ta@dtion and maladaptation. There are
a number of physiological systems that influencetiwnal reactivity and regulation;
these interact with behavioral and social constitsie@f emotion regulation across
development. The working model of early life strésat helped to conceptualize this
study is pictured in Figure 1 (reviewed in LomarG&nnar, 2010). This model argues
that caregiving experiences early in life reguthte activity of stress-sensitive systems,
which in turn influence the development of systemvelved in rapid appraisal and
response to threat. This model proposes that exues which threaten the child’s
capacity to form a relationship with a consisteesponsive, and caring adult result in
chronic stress to the infant, and bias stress ysteward larger and faster defense
responses (fight/flight/freeze) in order to copkisloveractivity of stress- and threat-

systems may impact prefrontal and cortico-limbgulatory systems, thereby increasing
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the risk for emotion-regulatory problems. The nésyatems that orchestrate autonomic
rapid defense responses are expected to be plasing early childhood (Porges &
Furman, 2011). If the quality of caregiving impesy stress- and threat- systems have
the potential to re-organize in order to becoms feactive and more modulated.
However, children exposed to particularly severg prolonged inadequate nurturance
may be less capable of reorganizing with improve@ @nd this, in turn, may make it
difficult for caregivers to sustain appropriatepessiveness to the child’s needs. While
this model may apply to most children (and to nuesteloping mammals), vulnerability
to early adverse care and recovery in responsapooved care are expected to be
influenced by the child’s genetic vulnerabilities.

A growing body of literature has documented assimria between institutional
rearing and altered neurobiological functioninggétems underlying emotional and
behavioral regulation. Given that the autonomiwoes system is involved in emotion
regulation and social communication and may couatelio externalizing behavior, there
is surprisingly little known about PNS and SNS fiiming in Pl children. The
following sections describe how these two brandigbe ANS are related to socio-
emotional functioning and regulation, as well as rlasearch describing their plasticity in
early childhood. Understanding the mechanismsrmlkarly experience to
physiological functioning is critical to elucidatew externalizing behavior unfolds.

The parasympathetic nervous systenilhe parasympathetic nervous system
(PNS) has effects that are associated with gromthrastorative processes in the body.
Through innervation of internal organs via mainplinergic fibers, the PNS promotes

vegetative functions and reduces physiological ssbuParasympathetic neurons begin
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in the brainstem and spinal cord. Of specificriesé to this study is the T@ranial

nerve, also called the vagus nerve, originatingpébrainstem and reaching down to the
viscera of the abdomen, touching the heart and moagans along the way. Eighty to
90% of fibers of the vagus nerve are responsibisdading information back-and-forth
between the viscera and the brain. Parasympaihetcvation of the heart is provided
by the vagus nerve. Vagal tone serves as an ioidekS functioning and can be
partially estimated from respiratory sinus arrhyiiiRSA), or the ebbing and flowing of
heart rate during the respiratory cycle. RSA ressim increases in vagus nerve activity
during exhalation, which decelerates heart raté,datreases in vagus nerve activity
during inhalation, which allows an acceleratiomeart rate. Tonic RSA refers to
baseline vagal tone functioning at rest and RSAtrady refers to changes in vagal tone
from baseline to challenge conditions. Greater P&Stivity is characterized by greater
decreases in RSA, which permits a faster heariaradeallows an increase in sympathetic
nervous system input to the heart. Low PNS redgtigicharacterized by lower
decreases in RSA, which slows heart rate and craoigeSNS input.

The PNS plays a role in promoting sustained attensgelf-regulation, and social
engagement (Porges, 1995, 2001, 2007). Polyvduadry has been proposed to help
understand the role of the PNS under conditiorsafdéty and threat. This theory
proposes that those portions of the vagus nervehndre myelinated and originate in the
nucleus ambiguous (termed smart vagus) are regehitemnary developments whose
functions contribute to social affiliative behaxs@and emotion regulation (Doussard —
Roosevelt & Porges, 1999; Porges, 2007). Morphotébgtudies indicate that

myelination of vagal fibers from the NA to the siidal node begins during th&'3
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trimester of prenatal development and continues atblescence with the greatest
increase occurring between 32 weeks gestation @nmtibnths postpartum (as cited in
Porges & Furman, 2011). Polyvagal theory posis tihe linkage between neural
regulation of the heart via the smart vagus and/ibeeral efferent pathways that regulate
the muscles of the face, head, and neck formstagrated ‘Social Engagement System’
(Porges & Furman, 2011). The Social Engagemene8ysicludes regulation of the
eyelids (e.g., for social gaze), muscles of fagigdression (e.g., emotional expression),
middle ear muscles (e.g., for extracting humane/éiom background sounds), laryngeal
and pharyngeal muscles (e.g., vocalizing, breajhergd muscles of turning the head and
neck (e.g., to socially orient). Together, therdamation of these muscles allows the
infant to filter social stimuli and control motoravement necessary for social
engagement. When the inhibitory action of the gaguwvithdrawn, this provides a
physiological state that promotes engagement \Wwethetivironment. Resting vagal tone
has been generally viewed as the individual's hiti maintain homeostasis and
autonomic flexibility to generate adequate respsiigsenvironmental demands.

The sympathetic nervous systemThe SNS is constantly active at a basic level
to promote homeostasis, and its main function sufgport mobilization.From the locus
coeruleus, the SNS can follow two routes: a dipathway via mainly noradrenergic
innervation of visceral organs, and a slower horahpathway via innervation of the
adrenal medulla (reviewed in Gunnar & Vazquez, 20Q@fder challenging
circumstances, SNS activation triggers rapid pHgsioal (e.g., increased heart rate and

sweat) and behavioral reactions associated withsafpfight, freeze, and flight.
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There are various ways to measure SNS functiofngrejection period (PEP)
has been used as a cardiac measure of SNS acsivdster PEP intervals index high
SNS reactivity, which are correlated with a fasteart rate and increased cardiac output,
and longer PEP intervals reflect low SNS reactjatglower heart rate, and less cardiac
output. The present study utilized a measure of s@nductance, which refers to
electrodermal activity caused by the activity okegivglands. Electrodermal recording
requires the passage of an electrical current girdlie skin and measures skin
conductance relative to skin resistance. Great& &ivity associated with more sweat
gland activity increases moisture in the skin alfgygreater skin conductance. Skin
conductance was measured on the fingers, a siterktmmbe associated with “emotional
sweating” or increased sweat gland activity asnetion of emotional or psychological
states (reviewed in Boucsein, 2012).

The central autonomic network. Several brain regions have been identified as
being key players in SNS- and PNS- mediated emaégulation and these regions are
described as being part of a Central Autonomic MetWCAN; Thayer & Lane, 2000).
The brain regions associated with PNS activityudel the medial and orbital regions of
prefrontal cortex, anterior cingulate cortex, anmglgcand extended amygdala (e.g., bed
nucleus of the stria terminalis [BNST]), hippocamspand cerebellum (Thayer, Ahs,
Fredrikson, Sollers, & Wagner, 2012). Output frorain structures in the CAN travel to
the sino-atrial node of the heart via SNS and PBi8ans of the stellate ganglia and
vagus nerve (Thayer, Hansen, Saus-Rose, & JohP8@8). Thus, there are direct paths
from the prefrontal cortex to the heart. As rewaevextensively by Boucsein (2012),

sweat secretion is governed by the central nersgsiem, particularly the
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paraventricular and posterior nuclei of the hyplathnus. Hypothalamic sympathetic
sweat gland activity can be elicited or modifiedHgher-level cerebral structures. The
limbic system plays a major role in emotional swegtparticularly the amygdala and
hippocampus. Cortical limbic and extralimbic stures have also been found to
influence sweat gland activity. The ventromedi&fpntal cortex has been implicated in
eliciting sweat gland activity, particularly durimgstful, mentally alert states (Raichle et
al., 2001) as opposed to orienting and defense@nsgs likely elicited by amygdalar
activity (Williams et al., 2001) and behavioral inition likely elicited by the
hippocampus (Gray, 1982). There is also evidenseiggest cerebral influences on
sweat gland activity from the basal ganglia ananm®r cortical regions outside of
cortical areas related to the limbic system (Boungsz012).

The CAN and institutional rearing. PI children have been found to exhibit
metabolic and connectivity deficits in areas of binain involved in RSA and sweat gland
activity, such as reduced brain metabolism in seteregions of the prefrontal cortex and
temporal lobe — areas implicated in emotion regamadnd inhibitory control (Chugani et
al., 2001), diminished white matter connectivitytiie uncinate fasciculus — a region
involved in communication between brain areas aasmtwith emotional function
(Eluvanthingal et al., 2006), and reduced whiteterdietween the PFC and amygdala
(Govindan, Behen, Helder, Makki, & Chugani, 201Relative to non-adopted children,
those experiencing institutional care have showferdintial power distributions in lower
power frequencies suggestive of delayed brain rattur (Marshall, Fox, & the BEIP,
2004; Tarullo, Garvin, & Gunnar, 2011) and reduaetplitude of several event-related

potential (ERP) components, suggesting corticabhgpivation (Moulson, Fox, Zeanah,

16



& Nelson, 2009; Moulson, Westerlund, Fox, ZeanaiN&son, 2009). PI children have
also evidenced neuroanatomical changes in theofihe amygdala — a key structure
sensitive to stressful experiences during childh@dehta et al., 2009; Tottenham et al.,
2010).

The neurobiology underlying the ANS and those imgdlin the hypothalamic-
pituitary-adrenal (HPA) axis are tightly functiohaintegrated and cross-regulated; both
are centrally controlled by limbic structures, wikie amygdala playing a crucial role. In
the prolonged absence of species-typical caregiahgrations in HPA axis functioning
have been noted. Several studies have found hildten exposed to disrupted
caregiving, such as maltreatment and neglect, sfhwanically high or low levels of
cortisol (Bruce, Fisher, Pears, & Levine, 2009;I€ar & Earls, 1997; Dozier et al.,
2006; Gunnar & Vazquez, 2001; Kertes et al., 2008upina et al., 2012). Disrupted
patterns of cortisol may be a sign of impaired pdlggical functioning of numerous
systems including the autonomic nervous system.

Institutional care has also been associated wignead neurochemical production
of oxytocin and arginine vasopressin (Wismer Frigsgler, Kurian, Jacoris, & Pollak,
2005). These hormones have been implicated iladiffe and positive social behaviors
to promote bonding (Young & Wang, 2004) and havenlieund to influence ANS
functioning (Bales & Perkeybile, 2012). Thus, edteneurochemicals seen in Pl
children suggests that they might also show digdiptNS functioning.

As proposed by the early life stress model and sdpg by research in animals
and humans, early childhood represents a time gluvirich biological systems are

plastic. Early experience has a profound impaateural systems that underlie ANS
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functioning. This is evident in the research of déffiects of institutional rearing on brain
regions associated with the CAN, which has docuatergduced or altered metabolic,
physiological, and neurochemical activity, as vesllaltered size of areas of the amygdala
and compromised white-matter tracts suggestive@ohectivity problems. This altered
neurobiology may result in disrupted ANS functianend increase risk for emotionally-
driven behavior problems.

The Autonomic Nervous System and Relations with Egtnalizing Behavior

This section will first describe the research Imkiautonomic nervous system
functioning with emotion regulation and social coomitation. For externalizing
behaviors specifically, inconsistent findings hauggested that there may not be one
overall pattern of ANS functioning which charactes externalizing behavior problems.
Other factors, such as the caregiving context, h&dy us to reconcile some of these
inconsistencies found in the literature. Thusssgjoent sections will describe how the
caregiving environment (first typical, then atypjaaay impact ANS functioning,
putting individuals at risk for developing exteraalg behavior problems.

The ANS and emotion regulation. In the infant literature, higher vagal tone and
greater vagal regulation to challenge have beearcaged with better behavioral state
regulation required to facilitate social engagemsuth as greater attention span, self-
soothability, and more potential to react to theiemment with an appropriate response
(Calkins, Graziano, & Keane, 2007; DiGangi, DiRwetPorges, & Greenspan, 1991;
Porges, 1995). In older children, better vagalil&iipn has been associated with
appropriate emotion regulation in preschool (CalénKeane, 2004), sustained attention

(Suess, Porges, & Plude, 1994), and expressioaspathy toward others in distress
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(Fabes, Eisenberg, & Eisenbud, 1993). In contlastyagal tone and attenuated
response to challenge is proposed to more eagitgipengagement of the SNS, a
metabolically costly strategy that may have morgatige effects on major organs.
Research indicates inconsistent associations bet®E& and SNS functioning
and externalizing behavior. Low resting RSA hasrbeoted in children and adolescents
with clinical levels of externalizing behavior ptelms (Beauchaine, 2001, Beauchaine,
Gatzke-Kopp, & Mead, 2007). In terms of RSA reattj decreased reactivity to
challenge has been noted in children with sub-cinexternalizing behavior (Calkins,
Blandon, Williforn, & Keane, 2007) and clinical lef¢ of disruptive behaviors (Degnan,
Calkins, Keane, & Hill-Soderlund, 2008). Thoughsnresearchers tend to view greater
vagal tone and greater vagal withdrawal duringlehgke as associated with more
adaptive outcomes, contradictory evidence has folaidthese are associated with
negative outcomes. For example, greater baselikeHaS been associated with greater
levels of externalizing problems (Calkins et aQQ?2; Dietrich et al., 2007). High RSA
reactivity during a challenge has been associatédexternalizing symptoms in middle
childhood to early adolescence (Boyce et al., 2Q@&lkins & Dedmon, 2000; Crowell et
al., 2006). Interms of SNS functioning and exadiming behavior, the results are also
inconsistent. For example, in subclinical samplieshildren, high SNS activity has been
associated with reactive aggression (Hubbard e2@02). Findings have also emerged
showing that excessively low SNS activity is asatsd with greater clinical and
subclinical levels of conduct problems, antisobighavior, and callous-unemotional

traits (Beauchaine et al., 2007; Crowell et alQ@erpertz et al., 2003; Lorber, 2004).
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As of yet, it has been challenging for researchefsd consistent associations
between ANS functioning and externalizing behavia both excessively high and
excessively low PNS/SNS at rest and in responshdllenge appears to confer some
risk for negative outcomes, some researchers pedpas ANS functioning which is
moderates the most adaptive, as it reflects adaptivermgpgkills. Unfortunately, there
are no established absolute thresholds for whatdttotes high or low ANS functioning
across developmental periods. One likely explandto the inconsistent findings
reported in this section is that individual diffeces in risk for externalizing behaviors
may result from interactions between multiple syste¢hat support maladaptation in
certain contexts. Thus, it has become cruciahtestigate how variations in the
caregiving context may impact ANS functioning andrease the risk for developing
externalizing behavior problems in children who éaxperienced early socio-emotional
neglect.

Typical variations in care and the ANS. Based on the early life stress model,
institutional rearing is likely to have an impact children’s autonomic nervous system.
However, in order to understand how the ANS dewemyger time in children exposed to
adversity, it is first necessary to explore the wawhich normal variations in care are
related to indices of ANS functioning.

There is strong evidence to support the argumeritsihibtle variations in parent
behaviors within the first year of life contributethe development of vagal tone
regulation. Models of bio-behavioral synchronytight the importance of micro-
regulatory patterns in infant-parent relationshi@aregiving that is sensitive, responsive,

and consistent helps to shape adaptive vagal amnog, facilitating infant self-
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regulation and social engagement skills. Reseamdhio-behavioral synchrony suggests
that mother and infant physiology are interreladad coordinated by moment-to-moment
behaviors within the attachment relationship (rer@d in Feldman, 2012). Examining
micro-level interactions has shown that mother iafeht RSA is interrelated with tighter
heart rate and RSA coupling occurring when the dyadjage in touch, gaze, affect, or
vocal synchrony (Feldman, Singer, & Zagoory, 2B&ldman, Magori-Cohen, Galili,
Singer, & Louzoun, 2011; Moshe & Feldman, 2006hisTbehavioral ‘matching’, while
providing important external regulation and soeigberiences for the infant, may also
help organize the infant’s immature physiologicaidtioning (Feldman, 2012).
Interactive synchrony is also related to higheebas RSA (Porter, 2003) and higher
RSA withdrawal to challenge (Moore & Calkins, 2004ore general processes of
typical parenting within the first year, such ag@ll sensitivity, responsiveness, and
warmth, have been associated with greater RSA vatia (Moore, 2009) and even
more long-term development of the ANS (Proppei.e2808).

From 12 months to five years of age, researchers hat consistently found
significant relationships between typical parentig@tpaviors and ANS functioning.
Calkins, Graziano, Berdan, Keane, and Degnan (20@8)d that mothers’ hostility and
less positive and responsive behavior was relatetténuated RSA reactivity in 2-year-
olds and that mother-child relationship qualitygycged the degree of RSA regulation at
5 years of age. While some evidence suggestshibaffects of early relationships on
physiology may persist into early childhood, othease not found significant

associations between parenting behaviors and gbgsi¢Kennedy, Rubin, Hastings,
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Maisel, 2004; Perliman, Camras, & Pelphrey, 2008)ame found minimal associations
(Hastings & De, 2008).

This body of work on low-risk samples suggests thateffects of normative
parenting behaviors on the ANS may be most proredimgthin the first year of life,
when the parent-child relationship may exert morpdct on the biological growth and
maturation of physiological systems during sensiperiods of vagal myelination
(Porges & Furman, 2011). However, the impact ofirad variations in parenting on
ANS development beyond 12 months remains uncleany institutionally reared
children are typically adopted after 12 monthsigglinto question how the experience of
socio-emotional neglect impacts ANS developmentwahnether these effects are short-
term or more lasting. Additionally, if plasticiof the ANS gradually decreases after 12
months, what impact would post-adoption parentiagehon the ANS?

Risk for adverse care and the ANS Animal studies suggest that acute stressors,
long-term social/maternal separation, and disruptaternal caregiving produce
alterations in autonomic functioning (Loria, BranBsllock, & Pollock, 2013; Trombini
et al., 2012). However, whether we would expectaased or decreased PNS and SNS
functioning is not clear and appears to depend anynfiactors including timing and
duration of the stressor and individual differenrelevels of aggression, depression, and
anxiety. Adult rats exposed to repeated foot shbeks been found to exhibit increased
SNS tone and relatively persistent long-term ingesan vagal tone, even after the
stressor has been removed (Carnevali et al., 20018. heightened vagal tone, termed
“enduring vagal rebound” suggests an adaptive respto overcome the sympathetic

overdrive following exposure to stress (Mezzacapdsey, Katkin, & Sloan, 2001).
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However, if the stress is severe or chronic, they mesult in a maladaptive phase of low
vagal tone regulation and either sympathetic dondaar under-arousal. For example,
rat pups exposed to chronic maternal separatioa slaown increased SNS tone (Loria,
Brands, Pollock, & Pollock, 2013). Examining méwag-term effects of early maternal
separation, Trombini and colleagues (2012) fouradl &ldult rats that had experienced
early maternal separation also evidenced incre@biitone to a stressor. Interestingly,
these adult rats did not show increased vagalflmving exposure to the stressor,
suggesting a lack of the enduring vagal rebound@menon noted in the Carnevali et al.
study. In other mammals, chronic stress has &lswis reduced vagal tone and increased
SNS tone. For example, in adult prairie volesghkgrm isolation from siblings or
opposite-sex partners induced 24-hour decreasexyal tone, increases in sympathetic
tone to the heart, and depressive-like behaviargpeoed to non-isolated voles (Grippo,
Lamb, Carter, Porges, 2007a, b; Grippo et al., 2Gtipbpo, Trahanas, Zimmerman,
Porges, & Carter, 2009). Not all studies have tbuncreased SNS tone following stress.
For instance, in rat models of aggression, adtstlveed for highly aggressive traits were
seen to exhibit lower vagal tone and reduced vaghabdrawal to stress than non-
aggressive rats; however heart rates were compabpalblveen the two groups suggesting
lowered sympathetic input in the aggressive grdtgrigevali et al., 2013). Thus, it
appears that chronic or severe stress, particubadurring early in life, may result in
reduced vagal tone and either high or low sympathete.

In children, exposure to early life stress has msmociated with alterations in
PNS and SNS functioning; however, like the animatkythe direction of effects has

been inconsistent. Longitudinal studies suggestchildren exposed to low-level
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chronic stressors and risk for stress (e.g., matelepression) and more severe
maltreatment (e.g., exposure to domestic violehegg not shown the normative
increase in baseline RSA from infancy to childh@eiegld, Pickens, Fox, & Nawrocki,
1995; Rigterink, Katz, & Hessler, 2010). Childexposed to marital conflict and foster
care have been found to show lower basal RSA dadwsted RSA withdrawal to stress
(Moore, 2010; Oosterman & Schuengel, 2007; Powweruden-Miller, Silva, & Porter,
2003). Past early childhood and into adolescemesassociation between adversity and
poor vagal functioning appears to continue. Misk@nd colleagues (2009) found that
female maltreated adolescents exhibited lower bes®SA compared with their non-
maltreated peers and these effects persisted qenial of 6 months. Not all studies
have found at-risk caregiving to be related to lowagal tone. Burgess, Marshall,
Rubin, and Fox (2003) found that poor quality dttaent status in infancy predicted
higher basal RSA in preschool. Despite the incéesaes regarding the direction of
vagal tone, these studies provide evidence to stugp®notion that poor quality and
adverse caregiving may impact long-term physiolalgienctioning.

Only one study has published findings on indiceBNE and SNS activity in Pl
children. Gunnar and colleagues (2009) examinde &t RSA at baseline and
throughout a public-speaking protocol in 10- toyEar-olds. They found that Pl
children adopted between 12 and 64 months exhiligdr PEP compared to non-
adopted children and children adopted early frosteiocare. The heightened SNS tone
seen in this study parallels other findings shovhigher SNS activity in children
exposed to maltreatment (DeBellis et al., 1999taRadt al., 2005; Saltzman et al., 2005).

Surprisingly, no group differences were found infRShe Gunnar et al. study did not
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examine PNS/SNS associations with problem behal@avjng open the question as to
whether the heightened SNS tone might have conéubio maladjustment.

Risk for adverse care, ANS functioning, and behaviaregulation. Research on
the relation between indices of PNS and SNS funttgpand externalizing behavior in
children exposed to risk for adversity has not tboonsistent associations. For RSA, the
research is unclear as to whether we would exjgctar adversity to be related to
higher or lower RSA and SNS functioning, and like ainimal literature, appears to
depend on many factors including quality, timinggd &everity of the exposure to risk,
the developmental period assessed, and the temgetrafrithe child (e.g., approach
versus withdraw). In the toddler period, childresqpesed to high parental aggression that
reacted with greater levels of dysregulated angdrestility in response to the
aggression exhibited higher basal RSA (Davies,ggtépple, Cicchetti, Manning, &
Zale, 2009). In the preschool period, studies hmted associations between attenuated
RSA withdrawal to challenge, exposure to risk, artkrnalizing behavior. For example,
children raised in the highest levels of domesititence showed RSA augmentation to a
peer provocation challenge (Katz, 2007). Vagahaemgtation during the challenge was
also associated with elevated conduct-related pradlin those children exposed to the
highest levels of domestic violence. Katz (20@i¢ipreted the vagal augmentation as
being potentially indicative of increased attentiess to threat within an interpersonal
context.

Regarding the impact of exposure to risk for adtyem SNS functioning and
externalizing behavior, the findings are mixedudsts have noted that harsh parenting

and exposure to marital conflict were associatdd {@w skin conductance reactivity to
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challenge and greater levels of externalizing befnaparticularly in boys (Beauchaine,
2001; El-Sheikh, Keller, Erath, 2007; Erath et 2009; Erath, EI-Sheikh, Hinnant, &
Cummings, 2011). Indeed, EI-Sheikh, Keiley, andrtamt (2010) found that children
with delinquent behavior showed gradual decreasskin conductance across 2 years,
compared to children with low levels of problem &elor. This raises the possibility that
perhaps under-arousal associated with exposursktéor adversity may contribute to
externalizing behavior. However, several studegetfound the opposite pattern: in the
context of parental depression and marital conffigh skin conductance reactivity to
challenge served as a vulnerability factor for depmg externalizing behavior
(Cummings, El-Sheikh, Korous, & Keller, 2007; Elesith, 2005; EI-Sheikh et al., 2007,
Erath et al., 2011). These findings raise anotbesibility: perhaps exposure to risk for
adversity is associated with behavior problemsoldren with high SNS reactivity
because they are more sensitive to environmentaingencies. Without knowing how
both PNS and SNS systems work together to pronwtesbstasis and adaptive
responses to environmental demands, it is hardaw donclusions regarding where risk
lies for developing externalizing behavior problems

A growing number of studies have more recently ghtvat PNS and SNS
reactivity measured concurrently can give us aebatea of how these systems interact
to influence psychopathology. Rather than thinlabgut SNS and PNS activity as
transitional blends, Bernston, Cacioppo, and Qui@l®91) have conceptualized the
joint action of these systems on a flexible 2-disienal model of autonomic space. This
model posits that individuals can display eithaipeocal or nonreciprocal activation of

systems. Reciprocal activation is when both brascfi¢he ANS promote the same
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unidirectional response in a target organ (i.@ht$NS reactivity coupled with low PNS
inhibition to promote increases in heart rate).niaiprocal activation is when branches
of the ANS promote opposing actions on target adaading to very little change from
baseline functioning (i.e., high SNS reactivity ptad with high vagal regulation to
challenge). For studies that examined indicesN® 8nd PNS concurrently in the
context of exposure to risk (marital conflict), us have suggested that low skin
conductance reactivity coupled with attenuated RftAdrawal to challenge was a risk
factor for developing externalizing behavior (Elesth et al., 2009). In another study of
children exposed to maltreatment, Gordis, Feresz&dki, Rabkin, & Trickett (2009)
found that combinations of low basal RSA couplethyow skin conductance reactivity
or high basal RSA coupled with high skin conductareactivity served as risk factors
for aggressive behavior problems. Interestingbthlof these patterns would contribute
to autonomic under-arousal. Taken together, thedangs suggest that opposing PNS
and SNS activity may result in ambivalent or mafdtle physiological responses to
stress that do not support an organized activeoresp In contrast, reciprocal SNS and
PNS activation may be the more adaptive respomngeegy that results in coordinated
and consistent physiological change needed foveacbping.

In summary, animal models suggest that after expdsustress, there may be an
initial recovery period during which heightened abtpne is seen coupled with greater
SNS tone. When the stress is chronic, this mayltrasSNS and PNS coupling that
would contribute to hyperreactivity or hypoarouskd.children exposed to various forms
of risk and adversity, the research has not foucdnsistent pattern of PNS and SNS

functioning, though a relatively larger body ofeasch documents decreased basal RSA,
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reduced RSA withdrawal to challenge, and height&3d8 tone. However, for children
who go on to develop externalizing forms of behainahe midst of suboptimal
caregiving, there does not appear to be a consigéttern of ANS functioning.
Emergent research indicates that reciprocal PNSS&sl functioning which contributes
to a strong unidirectional net effect may serva asotective factor from developing
psychopathology. Many studies only report on armath of the ANS and examine
baseline or reactivity levels. Furthermore, diicult to parse out whether behavior
problems and individual differences in ANS functiapare a result of early or current
exposure to risk. To complicate matters, manyistufdil to find direct associations
between indices of PNS/SNS functioning and riskaiversity. This lack of associations
has prompted some to argue that ANS functionirfguimans is impacted by the nature of
the context within which ANS is measured and byitiigvidual’s prior experiences.
Thus, ANS reactivity to challenge may depend on bwsvindividual perceives the
challenge, as a threat or as affording positiveoojities for social engagement, and
this perception likely is rooted in the individumahistory (Hastings et al., 2008;
Obradové, Bush, & Boyce, 2011).
Individual Differences in ANS Reactivity to Laboratory Challenges

It has been suggested that physiological reactteitpboratory stressors that
match the emotional valence of stressors that @mlavitness or struggle with in their
daily lives may have ecologically different signédince for adaptive functioning than
reactivity to stressors with less emotional rel@ea(Chen, Matthews, Salomon, & Ewart,
2002; Cummings et al., 2007; EI-Sheikh et al., 2@009; Obradoviet al., 2011).

Physiological reactivity may be highly specificttee context and the individual; thus, it
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is important to attend to the context in which dreh are raised and the nature of the
stimuli to which children are responding when reatgt is evoked and measured.

The current study attempts to take into considenatie unique problems Pl
children face in their everyday lives and how thgiblems may relate to their reactivity
to certain types of laboratory stressors. Resdaashdentified that PI children may
struggle in situations involving negotiating emaotb situations in close relationships. Pl
children have been reported to show problems irfiath@ving areas: establishing social
bonds and secure patterns of attachment with pyiceregivers and difficulties
developing close friendships with peers (reviewetaclean, 2003), and understanding
and identifyingemotions, particularly concerning negative emotiMissmer Fries &
Pollak, 2004), though notably, they have exhibheayhtened sensitivity and behavioral
reactivity to negatively valenced fac@daheu et al., 2010; Tottenham et al., 2011).
Furthermore, children with histories of unstabledverse caregiving may behave in
ways that push caregivers away rather than seek the when distressed (Stovall-
McClough & Dozier, 2004)The studies done by Wismer Fries and colleaguggesi
that close parent-child interactions may inducessty rather than calm, in PI children.
They examined neurobiological reactivity to ecotadjly relevant tasks, such as having
the adoptive mother tickle and hug the child. Coragdo non-adopted children, the PI
group showed lower overall levels of arginine vasspin, a hormone involved in
recognizing familiar individuals and likely involden forming social bonds (Wismer
Fries et al., 2005). Following this social intdrac with the mother, PI children failed to
show greater levels of oxytocin, a hormone involiredroducing calming and

comforting effects to maintain social bonding (Wesmkries et al., 2005). The PI children
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actually evidenced higher concentrations of urir@mtisol after physical contact with
the mother (Wismer Fries et al., 2008). Theseistusliggest that social interactions
with a primary caregiver post-adoption may poseardigular challenge for PI children,
rather than buffering them against excessive aalbpged neurobiological activation.
Even during more positive play situations with aperimenter, Pl children have shown
less positive affect than non-adopted childrenli@te Esposito, Mliner, Pears, &
Gunnar, 2014). Thus, compared to non-adoptedrem)d®| children may have a very
different emotional and physiological experienceémynegative- and positive-emotion
evoking situations. The current study investigdtexlassociation between caregiving and
ANS reactivity across different types of ecologligaklevant laboratory tasks that mirror
the contextual challenges these children face enyelay life.
Post-Adoption Parenting in Internationally-Adopted Children

A developmental psychopathology perspective maistthat early experiences
and current experience both influence childrenfecfioning (Rutter & Sroufe, 2000).
Given the rapid cognitive and growth catch-up seeshildren following adoption,
researchers have concluded that the post-adoptidroament serves as an intervention
following severe social-emotional neglect, thouigtelis known regarding specific
aspects of the environment that contribute to timapeovements. Demographic data on
adoptive families indicates that compared to noopéisie families, parents who
internationally adopt tend to be older in age, medror partnered, and have higher
income and education levels (Hellersedt et al. 320But these qualities individually do
not tend to predict child adjustment (Castle, Béglkutter, & Sonuga-Barke, 2010).

Rather, it appears to be aspects of the environassuiciated with caregiver stability,
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consistency, and something harder to measure entioéional tone of the parent-child
relationship — that contributes to improvementboth neurobiological functioning and
socio-emotional adjustment.

In children exposed to risk for adverse care anctimity such as children in the
U.S. foster care system and maltreated childreervantions targeted to improve the
caregiver’s stability, consistency, sensitivitydaesponsiveness have shown
improvements in children’s neurobiological and seemotional functioning suggesting
plasticity of neural systems and potential for reg (reviewed in Bruce, Gunnar, Pears,
& Fisher, 2013). Further evidence linking improwants in care to better social and
biological functioning has been noted in childremovhave experienced institutional care.
The Bucharest Early Intervention Project has bberohly randomized control trial
comparing currently institutionalized Romanian drein to a group randomly assigned to
a high-quality foster care intervention in Buchar&omania. This project has shown
that compared to children left in institutional €achildren placed in foster care showed
less decreases in total cortical white matter (8har Fox, Zeanah, McLaughlin, &
Nelson, 2012) and improvement in neurophysiolodigattioning (Moulson, Fox,
Zeanah, & Nelson, 2009; Vanderwert, Marshall, NeJsteanah, & Fox, 2010).
Additionally, better neural functioning was fouradontribute to improved psychosocial
development (Almas et al., 2012), including lesemalizing behavior (McDermott et
al., 2013).

Few studies have focused specifically on how impnegnts in caregiving are
related to ANS functioning in children exposedigkr Studies examining children living

in foster care within the U.S. have found that lenglacements with a single family were
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associated with greater increases in RSA duringdabeion episode of the Strange
Situation, suggesting better vagal regulation wingthe presence of a stable caregiver
(Oosterman and Schuengel, 2007). Using the samplsaf children, researchers found
that children in more secure attachment relatigesshiith their foster parent showed less
PEP reactivity and better vagal regulation througlibe Strange Situation than children
with disordered attachment (Oosterman et al., 202ixhors suggested that the
experience of a more stable and secure caregivivigggment may have shifted the
stress system towards improved functioning to sttpgaxial competence and emotion
regulation.

Only one study to date has examined parentingipescin children recently
adopted internationally from institutions and fostare, compared to non-adopted
children. Garvin, Tarullo, Van Ryzin, and Gunn2®12) examined how variation in
adoptive-parents’ emotional availability was prégie of social-emotional outcomes.
Overall, parents' emotional availability was highangst all groups. However, only for
the PI group was higher emotional availability @sst@d with better socio-emotional
outcomes. The Garvin et al. study was useful im&hg that parents of internationally-
adopted children typically exhibit high levels ahetional availability that is similar to
non-adoptive parents of high socioeconomic stalH®wever, it has been suggested that
parents of adoptive children may have to be everersensitive than is typical of non-
adoptive children, in order to improve any delaygmotional functioning. As suggested
by Maclean (2003), perhaps it takes more than “goamligh” parenting to ameliorate
some of the more lasting effects of early instanélization. Exhibiting heightened

sensitivity and emotional availability may be difiit for these parents in light of the
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challenges they face in parenting a child at raksbcio-emotional problems.

There is evidence to suggest that many parentgeriationally-adopted children
are vulnerable to experiencing high parenting stréhe source of stress is likely due to
a combination of factors such as receiving littlport from mental health professionals
and family members who lack awareness of the nekdisernationally-adopted children,
parenting a child with special needs or developaletglay, or having a child with high
levels of emotional and behavioral problesdge, 2003Vlainemer, Gilman, & Ames,
1998; Reynolds & Medina, 200Rosenthal & Groze, 199¥iana & Welsh, 2010). The
physical and emotional toll that this stress tadaas be high. Qualitative data found that
many parents neglected self-care, to the poineobiming depressed or sick, in their
mission to provide exceptional care to compensatariy adversity the child
experienced in the institution (Reynolds & Mediga08).

Notably, externalizing behavior in PI children wiaand to correlate with
parenting stress in several studies (Gagnon-Oos#mst al., 2012; Miller, Chan, Tirella,
& Perrin, 2009). The negative emotions which ciaroaccompany externalizing
behaviors, such as raging tantrums and excesspirggcmay be difficult for parents to
cope with, particularly if the child's behavior pes the parent away or if the parent's
comforting behavior does not seem to help. Indesskarch suggests that coping with
children’s negative emotions has shown to be songethat adoptive parents struggle
with. Many parents have expressed guilt (“Didusamy child’s distress?”) or pressure
to be emotionally and physically available for tield at all times (Linville & Lyness,
2007; Palacios, Roman, Moreno, & Leon, 2009; Reysél Medina, 2008). Reynolds

and Medina (2008) found that parents reportedrigednxiety when their children
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displayed strong emotions, not knowing if behavisese due to institutionalization, or if
there was something the parent was not doing welligh.

Parents affect regulation in emotion socializationParents serve important roles
as socializers of their children's emotional depeient. Through their behavior, parents
affect their children's understanding, experieaog, expression of emotion. An aspect
of emotion socialization is the way in which paserdggulate their own distress in
response to children’s negative emotions. Throudindztional processes associated
with modeling and coercion, parents of childrenhvékternalizing problems may be
more likely to respond to their child’s expressiohsnger by becoming angry
themselves (Klimes-Dougan et al., 2007), partidyldthey are under a great deal of
stress. Parents who react with anxiety, angeradness to their children’s displays of
negative emotion may model dysregulated affectlsidhvior that could have a negative
impact on the child. Studies on normative samp&eg revealed that responses to
children’s negative emotions that consist of higheptal distress are associated with
children’s physiological, emotional, and behaviatdficulties (Eisenberg et al., 1991,
Eisenberg et al., 1999; Eisenberg, Fabes, Carkka&on, 1992; Eisenberg, Fabes, &
Murphy, 1996; Gottman & Katz, 2002).

Little is known how PI children might react to \ations in parental distress that
are within the typical range, though we do knowt thase children may be more
sensitive and reactive to negatively valenced dtisuch as angry faces (Tottenham,
2012). Studies of domestically adopted childrewehguggested that poorly regulated
parent affect may negatively impact the child. alstudy of children adopted within the

U.S., infants at-risk for developing externalizinghavior problems exhibited increased
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attention to a frustrating task, but only when thag an adoptive mother high in
negative affect symptoms (Leve et al., 2010). Tinding suggests a complex process by
which risk interacted with post-adoption affect iigilation, resulting in an infant who
reacted with increased attention to negative stirihis may lay the foundation for
noncompliance and high reactivity to frustratinations, whereby coercive cycles with
the parent emerge and contribute to externalizatwatior in later development (Shaw et
al., 1998).

Parental encouragement of child's emotionsAnother type of response parents
can have to their child’s negative emotions isrtoceirage their child to express feelings
(e.q., “it's okay to cry”) by positively reinforcgithe expression of emotion. This form of
socialization provides the child with informatiobaat display rules and allows the child
to explore their emotions and the events surrognttiem. Parental encouragement of
emotional expressivity has been found to relataooe constructive coping during real-
life negative emotions (Eisenberg & Fabes, 1994)s Torm of socialization may serve
as a protective factor for children with low RShdeed, Hastings and colleagues (2008)
found that for children with low baseline RSA, par use of reward when children
expressed sadness or fear was associated witlegseatal competence. Thus, it would
be important to explore how parents' encouragewiegmotional expressivity in
response to children’s negative emotions may impesiliency — at behavioral and
physiological levels — in Pl children.

Taken together, this body of research suggestg#trants of internationally-
adopted children show high quality parenting pestiand a strong commitment to

parenting (Garvin et al., 2012; Reynolds & Medi2@08). Even small variations in
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parenting have shown relations to socio-emotiooaigetence, suggesting a powerful
role of the post-adoption environment in ameliorgtihe impact of early life adversity.
This study sought to examine whether parent engeunant of emotional expression
would serve as a protective factor for Pl childirethe domains of externalizing behavior
and ANS functioning. Past research has also fohaidwhen confronted with difficult
negative emotions from their child, parents ofin&tionally-adopted children felt
conflicting emotions of empathy mixed with anxiegyilt, and stress which may make it
difficult for them to respond with calm neutrality¥hen a parent becomes overwhelmed
by their own emotions, it can be difficult for themremain emotionally available to the
child. Additionally, the parent’s difficulty rem@ing calm may magnify the child’s
negative emotions and contribute to worse behav@ven the risk for delays in
emotional development and altered neurobiologattfioning underlying emotion-
regulation documented in PI children, this may miakigficult for them to effectively
reorganize and respond appropriately to distregs rom their parents. Thus, this study
also sought to examine how parent distress impaotenalizing behavior and
children’s physiological functioning.

Present Study
Objectives and Hypotheses

The Early Life Stress model discussed previousggssts that socio-emotional
neglect, in the form of institutional rearing, tithe potential to impact parasympathetic
and sympathetic nervous systems, shaping themys that allow the child to quickly
detect and respond to threat. While this programymaay help the infant develop
behavioral and emotion regulation strategies t@adad survive within the institution,

these patterns may pose challenges in the postiadagmvironment. How parents
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respond to their children’s negative emotions temrms of encouraging emotional
expressivity and remaining calm in the face ofitiekild’s distress — may contribute to
improvements in physiological functioning and retituts in externalizing behavior,
though perhaps to a lesser extent based on limplgesticity of physiological systems
post-adoption.The overarching goal in the present study was &gxe constituents of
emotion regulation competence, specifically, basal reactivity measures of RSA and
skin conductance — in post-institutionalized claliseveral years post-adoption and
address how institutional rearing and parent ematarcialization practices contribute to
the etiology of these regulatory variables. RSA skid conductance reactivity were
measured during three ecologically-valid tasksrateoto determine if the magnitude in
reactivity differed based on the nature of the leimgle (emotional versus non-emotional)
and the child’s history of socio-emotional neglethe three tasks were a conflict
discussion with the parent, a fun conversation Withparent, and a working memory
cognitive challenge. As a benchmark for their taury competence, PI children were
examined relative to two comparison groups. Thst §roup was children without a
history of adoption who were born and raised inifi@s of similar parental educations
and family income to those who adopt internationéidbbn-adopted, NA). To determine
whether effects were specific to institutional carenore generally addressed children
with adverse early childhood experience, PI childrere also compared to children
adopted internationally from countries using fostare for wards of the state (post-foster
care, PFC). The next objective was to exploreatates of externalizing behavior in Pl
children and determine whether the correlates ifféen the comparison groups. Due to

competing hypothesis about underlying factors eémalizing problems, contextual and
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physiological correlates were explored includingddand reactivity levels of RSA and
skin conductance, as well as parent emotion saatahn practices. Each of the
hypotheses related to the objectives will now Isewussed.
Parent’s Emotion-Socialization Practices Objectivand Hypothesis

This study sought to examine parent’s emotion $aei#on practices, specifically
their distress reactions to children’s negative ong and encouragement of the
expression of negative emotions, with the goal dpéandetermine whether differences
appeared between parents of Pl children versusadopted children, and whether any
differences were unique to the PI group or shamnedrg the Pl and PFC groups. It was
hypothesized that while parents in all groups warndourage emotional expression,
parents of Pl children might show differences istidiss reactions due to the literature
documenting high stress load and heightened séhgs#ind attention to emotional
problems in their children.
The Influence of Early and Current Experiences on ihdices of ANS Functioning:
Objective and Hypotheses

The plasticity of the ANS profile was tested by @xaing whether parent
emotion socialization practices moderated theiogiahip between group status and
physiological functioning (basal levels and reatyito challenge). It was hypothesized
that parental responses to children’s negative iemotharacterized as encouraging
emotional expression would predict better vagallagpn and lower sympathetic input
for all groups (i.e., higher basal RSA, lower badah conductance, stronger RSA
suppression, less skin conductance augmentationgdine challenge tasks), but that the

impact would be stronger for the PI group. It wasdicted that high parental distress
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would impact PI children to a greater extent tH@domparison groups due to
heightened sensitivity to threat, and this wouldrimest apparent during the discussion
tasks with the parent. No group differences wepeeeted for the cognitive working
memory task for RSA and skin conductance magnitudeactivity. Because the
literature has not consistently documented relatlmetween emotion socialization
practices and reactivity during cognitive taskslisher children, a hypothesis was not
given regarding socialization practices as predsctd reactivity during this challenge.
Associations between physiological variables, dgalaption, and early care risk were
examined.

Externalizing Behavior Objective and Hypotheses

It was hypothesized that group differences wouldoo@d on externalizing
behavior. Specifically, the Pl group would shogrsiicantly greater rates of
externalizing behaviors than the NA group. The prelerance of problematic behaviors
would be a consequence of early socio-emotiondeonegnd not due to other factors
associated with adoption (i.e., disruption in carenatal risk). Associations between
externalizing behavior, age at adoption, and ezt risk will also be examined.

It was important to elucidate the mechanisms byctwisome PI children were
more or less susceptible to developing externaiproblems. Were risks and protective
factors apparent, and if so, did they function &ny in the Pl group compared to the
other groups? This study sought to better undedstae roles of the ANS and post-
adoption environment in externalizing behavior¢his group. To distinguish among
competing hypotheses about underlying factors etates of externalizing behavior were

explored in the PI group including parent distr@ssent encouragement of emotion
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expressivity, basal RSA and skin conductance, dsawd&RSA and skin conductance
reactivity to ecologically-valid challenge taskSignificant correlates were also
examined in the comparison groups to see if thaywaique to the Pl group or
applicable to the comparison groups.
Method

Participants

The participants were 98 children between the afj8sand 9 years of age at time
of testing M = 9.00,SD= 0.62) and met criteria for one of three groupsPbst-
Institutionalized groudPl: n = 38, 21 = female) were internationally adopteal;ihg
spent at least 75% of their lives prior to adopfiomstitutional care, (e.g., hospital,
orphanage, or other type of institutional settirag) at the time of adoption were at least
9-months-old and no more than 53-months-oldP23t-Foster Care groufPFC. n=
23, 10 = female) were internationally-adopted, hg\8pent at least 71% of their lives
prior to adoption in a family-based setting (efgster care or relative care), were never
institutionalized, and at the time of adoption weoemore than 8 months old, Bipn-
Adoptedgroup NA: n = 37, 20 = female) were never institutionalized tddiStates born
children who had been reared with their biologfeatilies. The PFC and NA groups
served as comparison groups for the PI childreme ificlusion of the PFC group allowed
for an investigation of the effects of institutiéimation, while controlling for other
factors relating to being an internationally addpthild (i.e., poor prenatal health care,
prenatal exposure to substances, mental healttepnsbn biological parents). The age
criteria of 9 months or older at adoption was chdse the Pl group because much of the

literature involving internationally-adopted chiair suggests that older age at adoption
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(i.e., greater than 6 months) is associated wihédn risk for demonstrating difficulties in
emotion and behavior regulation (e.g., Colvertle2908).

Age at testing. Amongst all children, groups differed in termsage at time of
testing,F (2, 95) = 3.63p < .05 (see Table 3) with a trend for the PI gréupe slightly
older than the NA group(= .06). Age at testing was negatively associati¢hl several
skin conductance variables; thus, this variable evdsred as a covariate in analyses
involving all skin conductance.

Demographics. The PI, PFC, and NA groups did not differ basedhz
proportion of males to femaleg? (2, N = 98) = 0.89ns The families of the children in
the PI, PFC and NA groups were quite similar derapigically (see Table 3), only
differing significantly on a couple of variable&roups differed on age of the parents,
respondentF (2, 91) = 28.25p < .001; partnersF (2, 84) = 13.82p < .001.

Specifically, the Pl and PFC groups had parents w@ older in age than parents in the
NA group p < .001 for respondent and partners). In termmarftal status, the Pl and
PFC groups were combined and compared to the Népgim help balance cell
frequencies. In the NA group, 100% of families gvararried or living with a partner. In
the internationally-adopted group, 86% of familiesre married or living with a partner,
3.5% were separated or divorced (with date of s#jwar unknown), 8.8% were single
never married, and 1.8% were widowed (with datdezfth of partner unknown). To
increase cell frequencies, the categories sepadatected, single never married, and
widowed were combined and compared to the mariagl with partner category.

There was a moderate association between maatalksand groupy = -0.24,p < .05,

25% of cells had an expected cell frequency leas th The PI, PFC, and NA groups did
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not differ on education level of the respondentheir partner [responderit: (2, 93) =
0.16,ns partnersf (2, 84) = 2.56ng. Additionally, groups did not differ based on
annual household incomig,(2, 91) = 2.84ns. Demographic variables that differed
amongst groups were not significantly related witlysiological, or behavioral measures
of interest and were not included in further anagys

Adoption demographics. Tables 1 and 2 contain descriptive statistics fagio
of adoption by group and adoption demographicse ddopted children differed by
group in terms of their region of origin as at timee of testing, countries either invested
in institutional care or foster care as their pmynaeans of caring for wards of the state.
The majority of PI children were adopted from Easteurope and Asia, with 42% from
Russia and 40% from China. Of the PI children,rttzgority of Eastern European
adoptees were male, and the majority of Asian aepivere femalg? (2) = 10.50p <
.01, 33% of cells had expected cell frequencytleas 5,0 = 0.53,p <.01. The PFC
group was primarily adopted from Asia, with the ardy coming from South Korea
(74%). Of the PFC children, there were similar bens of males and females by region,
%4(1) = 0.1450% of cells has expected cell frequency less shar= 0.08,ns The
distribution for age at adoption was severely peosiy skewed; thus, this variable was
logl0 transformed. Age at adoption differed betwtne two groups, with the PFC
group being younger than the PI group at adopti®f) = 11.09p < .001. Compared to
countries utilizing institutional care, countriedining a foster care system tend to have
regulations in place to permit adoptions of youngeldren. Due to younger age of
adoption, children in the PFC group also spent rtiare in the USA, and thus, more

time in their adoptive family than PI children(59) = 3.37p < .001. Because age at
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adoption and time spent in adoptive family werégily correlated and reflected a
similar underlying construct, only age at adoptieas used in further analysis. Within
each internationally-adopted group, age at adoptias not related to sex of the child
[PFC:t(21) = 0.62ns PI:t (36) = 0.46n9. For all internationally-adopted children,
parents rated the quality of care they believed teld to have experienced prior to
adoption, as well as whether they believed theldinld been physically or sexually
abused or had experienced socio-emotional negimires were averaged to create a
general index of early care risk (Table 2). Oldge at adoption was significantly
associated with higher early care risk scores @&kl Further examining early care risk
scores, it was found that parents of PI childrenléel to report higher early care risk
scores compared to parents of PFC childréd9.90) = 8.98p < .001, equal variances
not assumed, as assessed by the Levene’'ptesf0l. Notably, there was minimal
variance in early care risk scores for the PFC gneith almost all parents reporting that
their child experienced overall good care withigitHoster homes, with no experiences
of physical, emotional, or sexual abuse. WithinBhgroup, early care risk scores were
not significantly related to age at adoptior, 0.12, and early care risk scores did not
differ among the children adopted from Eastern Bard\sia, and Central/South America
[F (2, 34) = 0.42nd, and did not differ by sex [36) = 0.41ng.

Health. Children’s health status was obtained via pargmntan order to
examine whether pubertal status, height and weigtgsting, history of heart problems,
and medication use needed to be included as ctesirmanalyses. Parents completed
the Pubertal Development Scale (Peterson, CrodRethards, & Boxer, 1988) to

measure pubertal status and potential relatiopsiysiological variables. There were no
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significant group differences in parents’ reportledir child’s pubertal progress,(2, 92)
=1.97,ns For the entire sample, parents tended to repatfphysical changes in their
children’s bodies had barely started. Accordingdcents, no female in the sample had
experienced menarche. Controlling for the agénefdhild at testing, females tended to
have progressed further in puberty than matd4,, 92) = 15.08p < .001, partiah2 =

.12. Puberty scores were not significantly asgediavith physiological or behavioral
data and thus, were not considered in further aealy Parents reported on children’s
medication use in terms of psychotropics, decomgest acetaminophen, antihistamines,
analgesics, cough suppressants/expectorants,@rshias well as medications to control
blood pressure, seizures, and asthma. Twenty meotéhe entire sample was using at
least one of these medications. There was tendencyedication use to be associated
with group statusy? (2) = 7.32, Cramer's V = .2p,< .05. In the Pl group, 34% were
taking at least one medication compared to 13%erP+C group and 11% in the NA
group. Medication use was not associated withathgr physiological or behavioral
measures and was not considered in further anaRarents reported on congenital heart
defects and history of heart problems: 8% of Pldcen and 3% of NA children were
noted to have a history of heart problems. Howewstory of heart problems was not
correlated with any physiological variables. Heighd weight were also measured at
testing. Group differences in growth were fouRd4, 190) = 3.31, Pillai’'s Trace = 0.13,
p <.05. Follow-up univariate ANOVAs showed thatdhe differed among the groups,
(2, 95) = 3.57p < .05. Post hoc tests revealed that the PFC gragpshorter than the
NA group p <.05). Height at testing was not correlated \pitlysiological or behavioral

measures of interest. No group differences weanaddor weight.
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General cognitive ability. Several studies on typically developing childremeha
found associations between measures of cognitiNgyadnd indices of ANS functioning
(e.g., Staton, EI-Sheikh, & Buckhalt, 2009} hildren were administered the Wechsler
Abbreviated Scale of Intelligence (WASI; WechslE999) to assess general cognitive
ability and to explore whether competence in theaaneeded to be included in analysis
as a potential covariate. A Full Scale Intelligefueotient (FSIQ-2) was calculated based
on two subtests: vocabulary and matrix reasoniftge WASI FSIQ-2 has high test-retest
reliability, ranging from .83 - .90 (Wechsler, 1998s well as good concurrent validity
with other tests of intelligence (Hays, Reas, &\8h2002). FSIQ-2 scores for two
participants (both in the NA group) were missing d¢ioi the children refusing to complete
the vocabulary subtest, though they did complegerhtrix reasoning portion. Group
differences in FSIQ-2 were found,(2, 89) = 3.58p < .05. The PI group had
significantly lower scores than the NA groyps .05. To further inspect this difference
in FSIQ, the vocabulary and matrix reasoning sulsesres which comprise the FSIQ
score, were submitted to a one-way MANOVA to exargnoup differences. Group
differences were found on the vocabulary and maé@soning scorek, (4, 178) = 3.90,
Pillai's Trace = 0.16p = .01, partiah? = .10. Follow-up univariate ANOVAs showed
that vocabulary subtest scores differed among tbeps (using an adjusted Bonferroni
alpha level of .025) (2, 89) = 6.50p < .01, partiah? = .13. Post hoc tests revealed that
the Pl group had lower vocabulary subtest scors tine NA group < .01). No group
differences were found for the matrix reasoningesthF (2, 89) = 0.30ns FSIQ,
vocabulary, and matrix reasoning scores were goifstantly correlated with

physiological or behavioral variables.
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Recruitment

This study was approved by the University of Mirotas Institutional Review
Board. Internationally adopted children were réedifrom the International Adoption
Project Registry, a database consisting of oved®Bilternationally adopted children
whose families were interested in research padimp. Families in the database were
called and emailed information regarding the studlijis study was also advertised on
the International Adoptions website and in thenmational Adoption Project annual
newsletter sent to families in the database. @mildh the NA group were recruited from
the Institute of Child Development Participant Patlich consists of families interested
in participating in research. Flyer advertisemerithe study were also distributed
within St. Paul and Minneapolis businesses, schaold community centers. Every
family with a child who met criteria to be in onktbe three groups, PI, PFC, and NA,
was invited to participate in the study. Howewat|dren with severe learning
impairments which would make it difficult to readdacomprehend questionnaires were
excluded from participating. In order to reduce likelihood that group differences were
due to prenatal or congenital conditions, childseme also excluded if they had a known
genetic disorder, pervasive developmental disomamedically diagnosed Fetal Alcohol
Spectrum Disorder (FASD). Photographic screensiggithe FAS Facial Photographic
Analysis Software (Astley, 2003) was also usedn@ayze the Center for Disease
Control’s guidelines regarding FASD associateddlagdysmorphia (i.e., smooth
philtrum, thin vermillion border, and small palpabfissures) based on digital pictures
taken during the laboratory session. No partidipeas identified as having facial

morphology indicative of fetal alcohol exposureil@en with exposure that did not
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impact detectable differences in facial morpholagye not identified by this method. As
an additional screen for FASD, parents reportedrtfigmation they had gathered which
led them to believe that their child had fetal &laloexposure. Two participants were
excluded due to having a previous medical diagnufsiASD. Another two participants
were excluded based on parent-report of strongaosp of fetal alcohol exposure (i.e.,
information from the adoption agency, child’s mediieecords).
Procedure

Lab visit. The child and one parent attended a 2-hour latkyraession at the
University of Minnesota’s Center for Neurobehaviddavelopment. Informed parent
consent and child assent were collected beforsttreof the session. During
recruitment, mothers were asked to attend the@®eddi out questionnaires, and
participate in session activities. Ninety-severcpnt of participants attended the session
with their mother. For three children (one PI, &#C, and one NA), fathers attended the
session, participated with the child, and filled questionnaires. First, growth measures
were collected and then the child and experimdilted out questionnaires together for
about 30 minutes. Next, children participated sedes of tasks designed to capture
baseline measures of autonomic activity as welbaicit autonomic responses to
cognitive and emotional challenge tasks. Becduseardiovascular system is activated
by body movement, posture, speaking and socialgamant (Bush et al., 2011;
Donzella, Tottenham, & Gunnar, 2009), autonomielgollected during each challenge
task were referenced to levels collected duringaatrol task” which paralleled the
motor and engagement demands of the challenges, @atonomic reactivity indices

reflect psychophysiological reactivity to each ¢dadje, controlling for other factors
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which activate the ANS. The experimenter lefttb@m and went to the data collection
room where the child could be seen on a televisaaen. Experimenter and child
communicated over a microphone. Resting baselitnamic activity (3 minutes) was
recorded as the child sat quietly. As a cognitask (3 minutes), the child participated in
a forward and backward digit-span test derived ftbenWechsler Abbreviated Scale of
Intelligence (Wechsler, 1999). For this task,¢h#d heard strings of numbers spoken
aloud by the experimenter over a microphone andasked to repeat the strings of
numbers as they became increasingly longer. Focalynitive control task, the child
was presented with two stories on a computer s@adrwas asked to read each page of
the story aloud (3 minutes). This control task aegd autonomic activity associated with
speaking and focused attending and paralleledpbaking demands of the cognitive
challenge. Each story was non-emotional in natoceveas written at a*lgrade reading
level to reduce the risk of making this a challetagk. As a positive emotion evoking
task (3 minutes), the parent and child sat in #esroom and discussed a topic that
would evoke positive feelings from the child. Theld chose one of the following

topics: plan a party, plan a perfect day, planramachild outing, or plan a dream
vacation. As a conflict discussion task (3 minutds} parent and child sat in the same
room and discussed one topic that was typicallg@ated with anger or conflict, which
the experimenter had pre-selected. The experimprgsented the task to the dyad
saying:“You and your parent will have a conversation abfiapic]. This is a topic that
one or both of you have disagreed on recently. witduhave 3 minutes to talk. For the
first 2 minutes, you will talk about this topic. Y8 this topic a problem? How does it

make you each feel? For the last minute, you wsltuks solutions to the problem and
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come up with a solution that you both agree upoAs'the emotion control task, parent
and child sat in separate rooms and each took sjeaking into a microphone to read
aloud pages from two books selected for th&igrade reading level and unemotional
content. This control task captured physiologreaponding associated with speaking
and social engagement. Physiological levels duhisgtask were used as the reference
when calculating reactivity to the conflict discissand positive emotion evoking tasks.
The cognitive, positive emotion, and conflict dission tasks were presented in a
counterbalanced order for each group. For thehiagt of the session, the child was
administered a brief 1Q test and completed sevemak questionnaires. At the end of the
session, children received $15 in Target gift Giegties and a small bag filled with toys.
Measures

Respiratory sinus arrhythmia (RSA) collection. Children’s RSA was obtained
during the six 3-minute collection periods: restbageline, cognitive control task,
emotion control task, cognitive task, positive eimotevoking task, and conflict
discussion task. Cardiac measures were obtaineddrsingle set of electrodes. Four
spot disposable electrodes (two current, two impeeawere placed in a non-standard
configuration on the child’s body: attached to tiage of the neck, below the right
clavicle, on the backside of the right ribcage, andhe right side of the lower abdomen.
A 5004A AC current at 50 kHz was passed through the tuterocurrent electrodes, and
both thoracic impedance {Zand the first derivative of change in impedaneer@hange
in time (dzdt) signals were acquired from the two inner eleasodRaw ECG data were
amplified using a Biopac ECG 100C amplifier setdagain of 1000 and using low- and

high-pass filters of 0.05 — 35 Hz. The data wastided at a rate of 1000 samples per
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second and processed using the James Long CompBhyaalysis System. The
software automatically detected R-spikes, whichethen manually edited by trained
researchers who corrected spurious and missindkesas well as removed artifact.
Twenty percent of the data was double-scored falnéty and artifact replacement was
reliable with correlations of .98 or higher. Thepike times were converted to inter-
beat-intervals (IBIs) and then pro-rated into 12Bisecond (ms) windows. The pro-
rated IBIs were de-trended using a moving polynéaigorithm that isolates IBI
variability at the amplitude and period of the lations associated with breathing. The
residuals were discrete Fourier transformed yigldipectral power attributable to RSA,
reported in units of In(mset) Using 64-second overlapping epochs of datayé#Biance
that fell in the expected frequency band for cleild(0.24- 1.04 Hz, Bar-Haim, Marshall
& Fox, 2000) was extracted to reflect RSA or theapgmpathetic input to the heart
(Porges, 1995). Each 3-minute condition yieldad fpochs of data. Estimates of
variance were computed across the 4 epochs; varialuaes greater than 1 were
inspected for outliers. Outlier epochs were drapip¢hey differed significantly from the
rest of the values within a condition. Data focleaondition was aggregated across the
epochs to provide values of RSA for the baselirkdrallenge tasks.

Nonspecific skin conductance response (NS.SCR) edtion. Phasic increases
in skin conductance were captured by measuringamasc non-specific skin
conductance responses (NS.SCR, expressed in neone8suS) continuously for each
of the six tasks using the Biopac System, Inc. MPUifit. Two silver-silver chloride
(Ag/AgCl) electrodes filled with Biopac Isotonic &ading Gel were attached with

velcro bands to the volar surfaces of the distalaotiges of the second and third digits of

50



the nondominant hand. The area of contact areeeketgel and skin was 1 cm in
diameter. Electrodes were placed on the hand appately 1- to 5 minutes before the
start of recording and were left on the hand ferdaration of the tasks (about 30
minutes). A Biopac GSR 100C DC amplifier was uteexcite a constant voltage
through the electrode pairs, and the current chaegeesenting conductance, was
recorded. Signals were amplified using a gain@f®/V, a low pass filter of 10 Hz,

and a high pass filter of 0.05 Hz. Output from aineplifier was digitized at 500 samples
per second and stored on a personal computer. d@ewas processed and scored using
AcgKnowledgesoftware (Version 3.7.3). To eliminate any higiojuency noise
components of the NS.SCR signal, a finite imputsponse filter using a Hamming
window and 2.0 Hz cutoff frequency was appliedh® taw signals. NS.SCRs were
visually inspected and hand scored based on tleetiat of peaks and troughs. Peaks
with an amplitude greater than 0.AS and having the typical canonical shape were
scored. Based on recommendations from severakstydeviewed in Bach, Friston, &
Dolan, 2010) an area under the curve (AUC) parameds calculated to capture
frequency, amplitude, and half-time recovery offeskin conductance fluctuation.
AUCs for each fluctuation were summed to produteta AUC value for each
condition.

Parent-child conflict. Parent and child independently filled out the Cianfl
Discussion Questionnaire (CDC; Granger, Weisz, &ekis, 1994).The CDC lists 18
topics thought to be potential sources of parefittgroblems, such as doing homework
and fighting with a sibling. Topics discussed witline past 4 weeks were rated, on a

scale of 0-3, based on how angry the discussions ketween the parent and child. The

51



experimenter reviewed both respondents’ CDCs aledteel one topic to be used for the
conflict discussion task described next. For s@lacthe topic had to meet the following
criteria: 1.) be endorsed by child and/or parertieing a topic of recent conversation and
2.) having evoked anger from child and/or paréftte 18 discussion topics were
categorized into 7 general themes; of the entingpsa, fighting with siblings (28.9%)

was the topic most commonly selected for the pachitd conflict task. Dyads also
discussed problems at school (25.8%), chores apbnsibilities (19.6%), respect of
authority figures (8.2%), use of electronics (6.28Xtracurricular activities (6.2%), and
allowance and money management (5.2%).

Coping with children’s negative emotions (CCNES)The Coping with
Children’s Negative Emotions Scale (Fabes, Eisanl#Bernzweig, 1990) is a self-
report questionnaire that measures parents’ reectemchildren’s negative display of
emotion. Parents were presented with 12 vignettesich their child was upset but not
harming anyone and were asked to rate the liketlrwoa scale of 1 (very unlikely) to 7
(very likely) of responding in two particular waydistress reactions = 0.73) and
expressive encouragement= 0.76). Distress reactions refer to the degveehtich the
parent becomes distressed when their child exesgative emotions. Expressive
encouragement reflects the degree to which paascept the child’s display of negative
emotion. Previous research has found the CCNHE@wve good internal and test-retest
reliability and good concurrent and construct M@fidEisenberg & Fabes, 1994; Fabes,
Poulin, Eisenberg, & Madden-Derdich, 2002). Althbuge CCNES was created for use
with preschool children, several studies have stpgats use in middle childhood (e.g.,

Jones, Eisenberg, Fabes, & MacKinnon, 2002).
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Externalizing behavior. Parents completed the MacArthur Health and Biehav
Questionnaire for Late Childhood and Adolescencsior 2.1 (HBQ-P v.2.1; Boyce et
al., 2002; Essex et al., 2002). The HBQ-P assesgeptoms occurring within the past 6
months on a 0 (‘never or not true’) to 2 (‘oftenvary true’) scale and has been found to
show strong psychometric properties (Essex eR@06; Shirtcliff & Essex, 2008). The
externalizing subscale & .85) consisted of items indexing overt hostjliglational
aggression, conduct problems, and oppositionahdebehavior. The percentage of
children meeting the clinical cutoff of 0.68 fortexnalizing behavior was examined. This
cutoff was set based on analysis of the HBQ-P whildren of approximately the same
age as the present study (Lemery-Chalfant et @072
Analysis Plan

Missing data. The percentage of missing RSA and NS.SCR datadyypgstatus
are listed in Table 6. Statistics are summaripecthild refusal rates and unusable data
due to artifact, misplacement/displacement of t@&Eelectrodes, or other sources of
equipment malfunction at the time of testing. Gheups did not differ in rates of
missing RSA and NS.SCR due to refusal or data lisabAdditionally, analyses of
whether those with missing data differed from thegout missing data were conducted
for each of the predictive measures, and noneasietimeasures was significant. Thus,
the data were assumed to be missing at randomauBedhe percentage of missing RSA
data was low in the Pl and NA groups, original eslwere used in further analyses.
However, a significant percentage of NS.SCR dawmiasing; therefore, missing skin
conductance data was multiply imputed and usedrihér regression analysis.

Missing data were imputed using multivariate impiotaby chained equations
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(MICE; version 2.0; van Buuren & Groothius-Oudshgd000) software in R version
2.11.2 (R Development Core Team, 2010). The Gsalospler algorithm was
implemented to fill out the missing data. MICE dayed fully conditional specification
(FCS), which specified the multivariate imputatioodel on a variable-by-variable basis
by a set of conditional densities, one for eaclimglete variable. FCS draws
imputations by iterating over the conditional déiesi For this dataset, 10 iterations
were used for 10 imputed datasets, a recommendedrdrio achieve healthy
convergence of the Gibbs sampler algorithm (vanr&uuOudshoorn, & Rubin, 2006).
Variables were imputed using predictive mean matgha general purpose semi-
parametric imputation method (Little, 1988). Itaimvirtue is that imputations are
restricted to the observed values. To assess qgeves, imputed variables were
examined to determine that each of the 10 stredmsputed data freely intermingled
with each other, without showing any definite trend’he means and variances of the
imputations for each variable were visually inspd¢cho trends were apparent and across
the 10 streams of iterated data, the streams nanglgy well right from the start. The
missing at random assumption could not be testad the observed data. Despite this,
each imputation was checked to verify plausibilifyhe densities of both the observed
and imputed values of all variables were plotted faund to be reasonable.

Covariates. Group differences were found in age at testiBgcause this
variable was also found to be correlated with bagséllS.SCR and NS.SCR during the
positive task, it was included as a covariate lim@ahlysis involving skin conductance.
Sex was entered as a covariate in all regressialyss.

Physiological reactivity to challenges.lt was necessary to determine whether
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the three challenge tasks were successful inialicsignificant change in children’s
levels of RSA and NS.SCR, compared to levels measduring the control tasks. To
investigate reactivity during the challenge taskegpeated-measures analyses of
variances (ANOVA) was performed for RSA examinihg tollowing unstandardized
values as dependent variables: talking controiasaontrol, conflict discussion, positive
emotion, and cognitive levels. Significant findengere examined using three planned
contrasts comparing: 1.) social control task todbeflict discussion task, 2.) social
control task to the positive emotion task, and&Rking control task to the cognitive task.
NS.SCR values for the baseline, conflict discusspasitive emotion, and cognitive tasks
were positively skewed. Raw values were submitbesllog10 transformation, then a
repeated-measures ANOVA was performed with thedahg transformed values as
dependent variables: baseline, conflict discusgiositive emotion, and cognitive levels.
Significant findings were probed using three plahoentrasts comparing levels elicited
by the challenge tasks to the baseline level.

Group differences in emotion socialization.A multivariate analysis of
covariance (MANCOVA) was performed examining gratigtus as a between-subjects
factor, sex as a covariate, and the parent distred®xpressive encouragement scores as
the dependent variables.

Predicting baseline physiological functioning and eactivity to challenge.
Hierarchical multiple regression analyses were twigexkamine the moderating effects of
parents’ distress reactions and expressive encenragft to children’s negative emotions
on the relationship between group status and eskvels of RSA and NS.SCR as well

as RSA and NS.SCR reactivity to the three chall¢aglks. A total of eight hierarchical
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regressions were computed. Step 1 contained argssary covariates. Step 2 contained
the main effects of group status (Pl group sengtha reference group). Step 3
contained the main effects of parent distress apdessive encouragement. Step 4
considered the centered interactions of group statth parents’ distress responses and
group status with expressive encouragement. Fanalyses, significant interaction
effects were tested using procedures outlined grBand Kenny (1986) and further
examined using the simple slopes technique proplegdédken and West (1991).

Pearson product-moment correlations were compotegddamine relations between
physiological and emotion socialization variablagwage at adoption and early care

risk.

Correlates of externalizing behavior.Scores for externalizing behavior were
positively skewed and were transformed using addgdnsformation. A univariate
analysis of covariance (ANCOVA) was used to exangireaip differences in
externalizing behavior, controlling for sex. Pladrcontrasts with Bonferroni corrections
were used to examine differences between the Ptamgarison groups. Pearson
product-moment correlations were computed examirefagions among externalizing
behavior, age at adoption, and early care risk.

Pearson product-moment correlations were computiuivihe Pl group
examining relations between externalizing behawitn the following variables:
baseline RSA and NS.SCR, reactivity scores for RBANS.SCR across the three
challenge tasks, parent distress, and expressomieagement. When significant
associations between physiological variables amerealizing behaviors were found,

they were followed up to examine how parental dsgrand expressive encouragement
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might impact the association (either mediation oderation analysis depending on
which was appropriate). Due to low sample sizey onke physiological variable could be
examined at a time. Because sex was associateéxtémalizing behavior, sex was
controlled in all mediation and moderation analys€srrelations within the NA and
PFC groups were also performed using the same guices
Results

Group Differences in Parent Emotion Socialization Rsults

The descriptive statistics and bivariate corretaitor parents’ distress reactions
and expressive encouragement scores are listeabiled’5 and 7. The MANCOVA
revealed no significant main effect for group ssatontrolling for sex [distress reaction:
F (2, 92) = 1.02ns expressive encouragemeht(l, 92) = 0.34ng. Thus, parents’
report of their emotion socialization practices dat vary by group status. Examining
just the internationally-adopted children, bivagiabrrelations revealed that parents’
distress reactions and expressive encouragemeatnagésignificantly associated with
age at adoption or early care risk scores.
Physiological Reactivity to Challenges Results

For NS.SCR, the assumption of sphericity was veaolaas assessed with
Mauchly’s test of sphericitmz(S) = 25.55p < .01. Therefore, a Huynh-Feldt correction
was appliedd = 0.84). Results revealed that NS.SCR levels gdadmacross the baseline
and challenge taskB, (2.53, 179.29) = 37.29,< .001, partiah? = .34. Specifically,
compared to baseline levels, NS.SCR significamityeased for the conflict discussion,
positive emotion, and cognitive tasks<.001 for each). See Figure 2 for NS.SCR mean

levels across tasks. RSA also showed evidenckearfge across tasks,(4, 340) =
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16.51,p < .001, partiah?=.16. During the conflict discussion and positiveotion
tasks, RSA levels significantly decreased fromdabeal control taskp(< .001). RSA
increased during the cognitive task compared tdahéng control taskf < .001). See
Figure 3 for RSA mean levels across tasks.

Standardized residual scores were computed for @zallenge task by regressing
values elicited during each challenge task oneispective control task values.
Descriptive statistics for residual scores aretlsh Table 4.

Predicting RSA Baseline and Reactivity Results

Descriptive statistics and bivariate correlatiomsthe baseline RSA analyses are
summarized in Tables 4 and 5. Multiple regressesults are summarized in Table 8.
The addition of group status in step 2 led to nigniicant changes if?. When
parents’ distress reaction and expressive encoon@gfevariables were entered in step 3,
they were also found to be non-significant pred&tolrhe addition of interactions in step
4 resulted in a significant increaseRh There was a significant interaction of parents’
distress reaction by group status for the Pl velsu£omparison, when sex was in the
model. Examination of simple slopes revealed aiggint positive association between
parents’ distress reactions to children’s negativetions and baseline RSA for the Pl
group,b =1.01,p<.01, 95% CI: 0.33 — 1.69. As shown in Figur®#children showed
higher baseline RSA in the context of high paredistress reactions and lower baseline
RSA in the context of low parental distress. Theas a significant interaction of
parents’ distress reaction by group status foPtheersus PFC comparison, when sex
was in the model. The simple slope for the PFQignwas significanty = -1.26,p < .01,

95% CI: -2.04 — -0.49. Examination of Figurendws that for the PFC group, parent
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distress was negatively associated with basal RBA.slope for the NA group was not
significant,b = -0.20,p = .43. The interactions for group status and qatexpressive
encouragement were not significant. Overall, tregligtors in step 4 accounted for 25%
of the variance in baseline RSA. RSA was not $icamtly correlated with age at
adoption or early care risk (Table 5).

Because parent distress was correlated with extarngabehavior ( = .37), it
was important to ensure that significant interatiovere associated with parent distress
and not being driven by the child’s behavior. Bxéernalizing variable was substituted
for parent distress in the regression equationghvimcluded group status and sex. Main
effects and interactions were not found to be §icant predictors of baseline RSA. To
test the robustness of the significant interactibparent distress and group status in
predicting RSA, basal levels of RSA for the challerronditions were used as dependent
variables. For each regression, the interactiogradip status and parent distress
remained a significant predictor for both Pl verbi#sand Pl versus PFC comparisons
with comparable unstandardizBatoefficients.

For RSA reactivity to the three tasks, descripstatistics and bivariate
correlations for the variables are summarized ibld&7 and 5. The multiple regression
results for RSA during the conflict discussion tasé listed in Table 9. Results revealed
no significant main effects for group status impste The addition of the distress reaction
and expressive encouragement variables in steputed in non-significant changes in
R?. Step 4 resulted in a marginally significant aaimR?. The interaction of group
status for the PI versus NA group and parent distras well as the interaction of group

status for the Pl versus PFC group and parenedsivere significant. Examination of
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simple slopes for the PI group revealed a pos@ssociation between parent distress and
RSA reactivityb = 0.57,p < .05. The slopes for the NA and PFC groups wete
significantly different than zero. Overall, theedictors in step 4 accounted for 7% of the
variance in RSA reactivity. RSA reactivity duritige conflict task was negatively
associated with early care risk scorgs5) = -.28p < .05. However, when just the PI
group was examined, RSA during this task was mptificantly associated with early

care risk scores.

For RSA during the positive and cognitive tasksuhes were similar showing that
when sex was controlled for, group status, paresttess, and expressive encouragement
were not significant predictors of RSA reactivitythen interactions were added in step
4, this resulted in a non-significant chang&in Reactivity scores for these tasks were
not significantly correlated with age at adoptiorearly care risk for the internationally-
adopted children.

Predicting NS.SCR Baseline and Reactivity Results

Descriptive statistics and bivariate correlatiomsthe variables in the multiply
imputed dataset for non-specific skin conductaesponse are summarized in Tables 4
and 5. Tables 12 — 15 summarize the results ahthléple regressions predicting
baseline NS.SCR and NS.SCR during the three clygleasks. For the four multiple
regressions predicting skin conductance at basafidereactivity to the challenges, the
addition of group status resulted in a non-sigaificchange if®?. The addition of
parents’ support response in step 3 and the irtenaaf parents’ support responses by
group status in step 4 led to non-significant clesngR’.

Predicting Externalizing Behavior Results
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Descriptive statistics and bivariate correlatiborsexternalizing behavior are
summarized in Tables 7 and 5. Eleven percent chidren scored above clinical cutoff
for externalizing behaviors. No children in eitlt@mparison group scored above the
clinical cutoff. Controlling for sex, group diffences in externalizing behavior were
found,F (2, 93) = 10.81p < .001, partiah2 =.19. Planned comparisons revealed that
the PI group scored significantly higher in extéimiag behavior than both the NA and
PFC groups. Externalizing behavior was correlatgld age at adoption and early care
risk when all internationally-adopted children wesamined. However, because group
status was confounded with age at adoption, arré thas very little variability in early
care risk scores within the PFC group, bivariateetations were examined within each
group separately. Within the PI group, externafizinehavior was not correlated with
age at adoption or early care risk. Externaliziagdvior was also not related to these
variables in the PFC group.

Predicting externalizing behavior from parent emoton socialization and
physiology within each group Within the PI group only, baseline RSA was posity
correlated with externalizing behavio(36) = 0.34p < .05), and parent distress was
related to both baseline RSA36) = 0.46p < .01) and externalizing behavior$37) =
0.52,p <.01), suggesting a potential mediational rolparent distress. Using the
program PROCESS for SPSS (Hayes, 2012), totaktdmad indirect effects were
calculated. Controlling for sex, the total effe€baseline RSA on externalizing
behaviors was significantly different from zebor .02,p < .05. The direct effect of
baseline RSA on externalizing behavior, controlfiogsex was not significantly

different from zeroTo test the indirect effect of baseline RSA oreexalizing behavior,
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a bootstrap approach was favored over more traditi@sts because this approach makes
fewer unrealistic assumptions regarding the shapieecsampling distribution of the
indirect effect and is more powerful (Preacher &t 2008). The indirect effect was
0.01, with a bias corrected 95% bootstrap confidenterval of 0.0034 — 0.0317, based
on 1,000 resamples. Thus, results revealed sufpatmediating effect, such that
higher RSA was associated with more externalizelgalviors, as a result of the effect of
high parent distress on RSA, which in turn, infloet externalizing behaviors. For skin
conductance, only NS.SCR during the positive task melated to externalizing behavior,
r(28) = 0.37p =.05. NS.SCR was not significantly associateith warent distress
indicating that parent distress was not a mediatonas tested whether parent distress
served as a moderator of the relationship betwei$8R and externalizing behavior. A
regression analysis was conducted examining tha efects and interaction of parent
distress and NS.SCR in predicting externalizingavedr. The interaction term
accounted for a significant portion of the variairt& (12%),B = 0.05,p < .05. The
Johnson-Neyman approach was used to probe thadtitar (Hayes & Matthews, 2009).
This approach identified values of parent distselssre the conditional effect of NS.SCR
on externalizing behavior transitioned from nomagfigant to significantq = .05).

Recall that distress scores range from 1 = highlikely to react with distress to 7=very
likely to react with distress. When distress ssavere at 2.68 or less, there was no
significant association between NS.SCR and exteinglscores. For distress scores
above 2.69, there was a significant positive assioti between NS.SCR and
externalizing scores. For the NA and PFC groupsigificant associations between

externalizing behavior and physiological variablese found.
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Pearson product-moment correlations between RSANSB8CR at baseline and
reactivity during the challenge tasks were examinghin the Pl group. RSA and
NS.SCR reactivity during the positive emotion tagke significantly correlated(25) =
42,p<.01. This relationship was subjected to a zed®opartial correlation
controlling for the effects of parent distress.eTgartial correlation was found to be
significant,r(22) = .41 p =.05, indicating that a modest relationship betw&A and
NS.SCR during the positive task was apparent abhodebeyond the effects of parent
distress, but that the relationship was lessendtidgistress variable. Significant
correlations between RSA and NS.SCR were not fautiste NA and PFC groups.

Discussion

The present study sought to better understancbtaef early caregiving and
parent emotion socialization practices in shapmg indirect indices of ANS
functioning: respiratory-sinus arrhythmia and sémductance at baseline and across
several types of ecologically valid tasks. Grotffecences in parent emotion
socialization practices were not found. Parertteks was found to moderate the
relationship between early care and RSA. Thisysalisb sought to compare the Pl to the
NA and PFC groups on levels of externalizing betwavirhe Pl group showed higher
levels of externalizing behavior than both NA ar€CRyroups. Furthermore, within this
group, RSA, skin conductance, and parent distress Wound to play important roles in
predicting externalizing behavior. The resultsrangewed with implications for future
research.

Group Differences in Post-adoption Emotion Socialation Practices
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It was hypothesized that the PI group would diffem the comparison groups on
emotion socialization practices, though the dimchf difference was not predicted. The
present study did not find evidence to support¢tasn. Group differences were not
found on parent distress or expressive encouragemanwere these practices found to
correlate with age at adoption or early care ri§kus, group status alone did not seem to
explain substantial variability in parents’ useeafiotion socialization practices. This
finding is consistent with others showing that camgal to non-adoptive parents, parents
of internationally-adopted children show comparables of non-hostility and sensitivity
(Garvin et al., 2012).

Group Differences in Externalizing Behavior

It was predicted that children adopted from insititos would show higher levels
of externalizing problems than non-adopted childzed children adopted from foster
care. Results confirmed that the PI group shoviglden levels of externalizing behavior
compared to both NA and PFC groups. It is assuima&dthe PI group endured
caregiving that is typical of institutional lifeoutine care from rotating staff with little
responsive and contingent socio-emotional intevactlhat the P1 group showed more
problematic behavior than the PFC group lendsemtition that the lack of sensitive and
responsive care early in life, and not other factetated to international adoption, were
major contributors to behavioral outcomes. Howgbecause this is a correlational and
not experimental study, the causal relation betwestitutional care and later outcomes
is always open to question. It should be notedttiapresent finding is in direct contrast
to the Wiik et al. (2011) study which concludedttsiace Pl and PFC groups showed

higher levels of parent-reported externalizing lvetraon the HBQ, that general
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adversity early in life was the contributing factord not socio-emotional neglect per se.
Interestingly, the PFC group in the present studyl®ted the lowest level of
externalizing behavior, whereas 11% of PI childseared in the clinical range and the
NA group fell in-between. The percentage of chitdseoring in the clinical range is
comparable to that found in the Wiik et al. studyiet found that 9% of PI children
scored above the clinical cutoff. However, thedotevels of externalizing behaviors
found for the PFC group in the current study wagrssing. In both the present study and
the Wiik et al. study, the PFC groups were adoptfdre 8 months of age and came
from similar parts of the world, so comparable satéexternalizing behavior were
expected. It could be that the PFC children invthik et al. study were exposed to more
risk; unfortunately, early risk scores were notorégd leaving it unknown whether
exposure to adversity was a contributing factorthe present study, we do know that
when early care risk scores were examined for tlam& PFC groups separately, they
were unrelated to externalizing behavior. Thedrkih in the Wiik et al. study were
slightly older (8-11 years) than in this studyhdts been suggested that behavior
problems of internationally-adopted children mayeege with entry into adolescence
(Colvert et al., 2008). Though correlations betwaga at testing and externalizing
behavior were not reported in the Wiik et al. styslgrhaps more externalizing behaviors
emerged with age in their PFC group.

In the present study, age at adoption was posite@irelated with externalizing
behavior; however, this finding is difficult to arpret because group status was
confounded with age at adoption. To address thalenge, the two groups were

investigated separately and neither group showgtfgiant associations between the
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two variables. Thus, the present study suggestageat adoption for the Pl group
showed no significant association with externafiziehavior and is in line with several
other reports (Juffer & Van 1Jzendoorn, 2005; Grb289; Marcovitch et al., 1997,
Kreppner et al., 2007). However, it is likely thlagre was not sufficient variability in
age at adoption to detect a dose-response relaipras most of the Pl group was
adopted between 12-18 months.

Did the challenge tasks engage the PNS and SNS sys$?

Engagement of the PNS was explored to examine wh#ik challenge tasks
utilized in this study were successful in elicitiR§A responses relative to tasks that
controlled for the effects of speech, motor movernattending, and social engagement
in order to obtain purer measures of reactivitgotional and cognitive stimuli (Bush et
al., 2011; Donzella et al., 2009). For this stuskin conductance reactivity was
compared to resting baseline level, with resultsashg that there were significant
increases in skin conductance during the challengesgared to baseline levels.
Interestingly, the three challenges did not eBajnificantly different skin conductance
levels. It has been suggested that NS.SCR magdteshited to measure general arousal
as a unitary construct. It has also been hypatbdghat NS.SCR may be regarded as a
sensitive and valid indicator of variations in aalin the lower range, as it appears to
reflect small, mostly cognitively determined vaigats in arousal. As moisture in the
skin increases due to high arousal, NS.SCR maynhedess sensitive to small variations
in sweat gland activity (Boucsein, 2012). Perhapss the case that all the tasks in the
current study elicited more than mild arousal,hsd subtle variations in NS.SCR to the

different task demands were not detectable. Emathcolleagues (2011) noted similar
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findings: children did not show skin conductancacteity differences between a star-
tracing challenge and listening to a simulatedriatdult argument, again calling into
guestion how sensitive skin conductance is to megjgtvalenced stimuli. In order to
better interpret arousal based on NS.SCR, moran&sés need examining neural
processes in conjunction with skin conductancenduvarious tasks, as neural activity
can better explicate whether the arousal is cogptitior emotionally-driven.

Additionally, more basic research is needed ingasitig to what extent skin conductance
is influenced by contextual factors such as difieemotion induction tasks, social
versus non-social conditions, movement, and focasetding.

Interestingly, reading a story independently intaiarophone (controlling for
attention and speech) led to greater RSA withdrakaal the cognitive challenge of
repeating back short strings of digits. This ismewhat similar to what Bush and
colleagues found (2011) when comparing their cogniiask to its control task. In that
study, children showed greater RSA withdrawal awvdek PEP when repeating back
single digits compared to when they repeated bafydr strings of digits. Perhaps the
cognitive challenge employed in the current studg wot challenging enough and it was
really just measuring attention — and its assodiatatrol task recruited too much
cognitive effort or focus. Although the story ckagor the cognitive control was at & 1
grade reading level, it was observed that sevéildren had difficulty reading it and
having to read aloud into a microphone might haaenhinterpreted as threatening. If
this was the case, then reactivity to the cognitivallenge would be masked and we

would not have a valid measure of RSA reactivitglded, the cognitive control task
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appeared to elicit RSA withdrawal similar in magudi to the conflict discussion and
positive emotion tasks.

Children displayed RSA appropriate withdrawal te gositive and conflict
discussion tasks. This is similar to what othaedss have found when using tasks that
require the child to engage with their parent, Wwamotionally-evocative film clips, or
engage in a discussion with an experimenter (Bush,&2011; Calkins et al., 2008;
Obradové et al., 2011) suggesting that interpersonal sdnattend to engage the vagal
system. These tasks led to greater RSA withdraammbared to the social control task of
reading a story with the parent when parent anid etere in different rooms. Notably,
the social control task elicited a RSA withdrawaipared to resting baseline which was
expected, but again, the magnitude of this respaasegreat and could have potentially
masked the reactivity to the emotion tasks becatifee cognitive effort required to read
the stories with the parent. Another unexpectedifig was that just reading the story
with the parent elicited a significant increas&i®A compared to the cognitive control
where the child read alone. Did the parent act@draing agent? Based on the Polyvagal
Theory’s idea of vagal tone supporting a socialagregnent system, would not we expect
more RSA withdrawal when the child engaged withgheent, as other studies have
found (e.g., Calkins et al., 2008; Hastings et20lQ8)? Taken together, these findings
suggest that RSA is highly sensitive to the effe€tmanipulating laboratory conditions,
and when conditions are not properly controlleds difficult to understand what stimuli
participants are reacting to. To date, we haveguggneral impression of what basal RSA
and RSA reactivity actually signify and our intesfations become tenuous when

challenge tasks are not properly controlled for.
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Expressive Encouragement as a Predictor of Child Bfsiology

Assuming that the autonomic system remains relgtpastic throughout
childhood, it was hypothesized that group statusldvoteract with parent emotion
socialization practices to predict RSA and skindigrtance. Parents’ expressive
encouragement was not found to predict RSA or s&imductance, nor was it found to
interact with group status to predict these vaesalat baseline or in response to
challenge. In general, the literature in normasigeples has found few significant
correlations between positive supportive emoticoalalization practices and child
physiology, particularly in older children. Wheigrsficant correlations are found, they
tend to be between indices of physiology and negatbcialization practices (e.qg.,
Hastings & De, 2008). For the present study, gatiestress did seem to be a better
predictor of outcomes rather than expressive ergmment.

Parent Distress as a Predictor of Child Physiologin the NA and PFC Groups

Parent distress moderated the relationship betge®rip status and basal RSA.
Though the NA and PFC groups served as comparifomgeach displayed unique
patterns and will be discussed separately.

NA group. Examination of simple slopes for each group shibthat for the NA
group, basal RSA was unrelated to parent distresish is in-line with several studies in
community samples of low-risk families where straatations between emotion
socialization behaviors and RSA have not been fopadicularly in older children (e.g.,
Hastings & De, 2008; Kennedy et al., 2004; Rubialgt1l997). Considering the
developmental progression of emotion regulation petence, it could be that while

parental socialization efforts remain importanbtighout the child’s life, there are other
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more salient socialization agents (e.g., peeringdy media) in this specific
developmental period. The NA children may have adied more on internal regulating
processes, such as cognitive suppression and eesgprather than on external
processes to help them cope. Additionally, only sacializing practices were measured.
It could be that other practices, such as parewigative control, would serve as better
predictors of RSA (Hastings et al., 2008).

PFC group. For the PFC group, a significant negative associatas found
between basal RSA and parent distress. Highenpdigtress was related to lower
baseline RSA. This negative association is conipp@ta animal and human studies on
at-risk samples, which have shown lower baselin& Bl poorer RSA suppression
under conditions of early maternal separation (Thimiret al., 2012), marital conflict
(Porter et al., 2003), maltreatment (Skowron et24l11), and foster care within the US
(Oosterman & Schuengel, 2007). Unfortunately,|éivel of early life risk for the PFC
group is poorly understood. The reliance on pargmort of early care was a limitation of
this study, as parents have been found to know litdeyof their child’s pre-adoption
quality of care. Though it is assumed that thelyrait endure the severity of socio-
emotional neglect seen in institutions, they ar@etable to experiencing the same type
of risk factors associated with foster care inth8., such as multiple placements and
poor caregiver-child relationships (Dozier, Zean&alBernard, 2013). This study found
that parents who responded to PFC children’s negatnotions with calm neutrality
were more likely to have children with higher vatgale. Because physiology was only
measured at one time point several years post-atoitis impossible to know the exact

contributions of the pre- and post-adoption enviments on SNS and PNS functioning
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over time. Given the limitation of this cross-seofal study, this finding suggests several
different implications. The first is that havingalm parent buffered these children from
exhibiting the low vagal tone characteristic ofldlren who have experienced disruptions
in caregiving. Underlying this possibility are asgptions that 1.) the PNS remained
plastic post-adoption allowing for developmentalgramming, and 2.) these children
were more physiologically reactive or sensitiveéheir parent’s distress, more so than the
NA group. This is in line with several studies dnldren exposed to aberrant caregiving
which shows that children fine tune neurobiologmadl perceptual systems to process
aspects of their environment that have becomendaheough their learning of social
experiences (Pollak, 2008). Furthermore, the thebBiological Sensitivity to Context
(BSC; Boyce & Ellis, 2005) supports the possibitiat early life stress interacts with
genetics and shapes neurobiological systems, altpfor more sensitivity to context to
support adaptation. Longitudinal research is ne@akestigating biological systems in
pre- and post-adoptive environments, along withegennformation, to really find
evidence for these hypotheses; for now, we can gpd¢ulate as to the mechanisms
driving the relationship between parent distressRBA. Under the BSC theory, if
caregiver distress was salient for these childrgghinvthe foster home, they would have
developed a neurobiological sensitivity to stresaitting in low vagal tone to allow
easier engagement of the SNS to cope. The nelogltal sensitivity to context would
carry over to the post-adoption environment; PFiidn would flourish in a post-
adoption environment rich in sensitive and respansare but show poor adjustment if
the environment were less than optimal. Under tmmd of low parental distress, the

child may have felt comfortable displaying negatwveotions without fear of being
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rejected; this could have fostered improvemenhef3ocial Engagement System and
enhanced vagal tone. However, if the child eadigyressed the parent, this would
support and maintain low vagal tone, allowing thaédcquick access to SNS mediated
behaviors to support vigilance and active copimgis study did not find group
differences in SNS functioning as measured by s&kmductance; however, Gunnar and
colleagues (2009) reported a trend for higher Si® as measured by pre-ejection
period among children internationally-adopted frimster care compared to non-adopted
children, particularly for those with more growtélay at adoption. Maintaining
relatively normal growth at adoption (sign of resice) was related to lower cortisol
levels during a stressor task. The Gunnar etadyshighlights the need to investigate
functioning across multiple systems (e.g., HPA, AN&havior) and the advantage of
using more objective measures of allostatic loagui@ntify early life stress in order to
investigate how stress gets under the skin (seesdoh Bruce, Tarullo, & Gunnar, 2011).
Another possible reason explaining the RSA-paresttass relationship was that
PFC children with higher RSA exhibited better emotand behavior regulation
competence, eliciting calmer responses from thergarUnfortunately, this study was
limited in that only one dimension of behavior wasasured, and for the PFC group,
neither basal RSA nor parental distress was retatedternalizing behavior. It remains
unknown how basal RSA might have contributed tdédchdjustment and how
characteristics of the child may have elicited maréess parental distress. On measures
of socio-emotional competence, these children cfteme worse than NA children and
slightly better than, or similar to, PI childrenr(i8e, Tarullo, & Gunnar, 2009; Tarullo,

Bruce, & Gunnar, 2007) and have been shown toaysplore internalizing and
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externalizing behaviors (Wiik et al., 2011). Thitey appear to be a group at-risk for
emotional and behavioral problems. Further ingagitbon examining factors and
mechanisms that contribute to physiological andtemaegulation competence in this
sub-population is warranted.
Associations Among Physiology, Emotion Socializatip and Externalizing Behavior
in the PI Group

Summary. The PI group exhibited different levels of baselRSA than the PFC
and NA groups, and this difference was only evidemén the post-adoption parenting
context was taken into account. Unlike the PFQigrohe PI group showed a significant
positive association between basal RSA and parstiesls responses. Additionally,
during the conflict discussion task, RSA and padkstress were positively related such
that RSA augmentation was seen under conditiohggbf parent distress, and RSA
withdrawal was seen under low parent distresschidiren also exhibited greater levels
of externalizing behavior than both NA and PFC gsywas discussed previously. Upon
further examination, results revealed that paresitess mediated the relationship
between basal RSA and externalizing behavior. Thigher basal RSA was associated
with greater parent distress, which then contributegreater externalizing behavior. It
was found that parent distress moderated the sakttip between skin conductance
during the positive task and externalizing behavieor PI children with high parent
distress, those children showing skin conductangen@ntation to the positive emotion
task were more likely to also exhibit more exteimag) behavior. For the children with
very moderate to low parent distress, there wagssociation between skin conductance

and externalizing behavior. Correlations contngjlfor parent distress within the PI
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group revealed that RSA reactivity was significamtsociated with skin conductance
reactivity during the positive task.

Protective factors for PI children. Because lower externalizing behavior was
found for children with low basal RSA in the corttex having a low distress parent,
these two variables, together, may protect Pl afidrom developing behavior
problems. In the context of low parental distréds;hildren’s skin conductance during
the conflict task was unrelated to externalizingdeor. Furthermore, having a calm
parent was related to greater RSA withdrawal dutiegconflict task, suggestive of
appropriate vagal regulation to support copingve@ithat the literature does not often
document low basal RSA as being adaptive in ty@aoal at-risk samples, several
theories of stress regulation were explored tcebethderstand how these two variables
might have conferred adaptation and adjustmerthise children.

Models such as the Adaptive Calibration Model (AGMye extended the
Biological Sensitivity to Context model to help éxp how individual differences in
stress-system functioning represent conditionabtad@n (reviewed in Del Giudice,
Ellis, & Shirtcliff, 2010). The ACM posits thatéhstress response system encodes
information from the environment, resulting in atia@ patterns of responsivity and
individual differences in behavior. This model gasts that aversive and threatening
environments early in life, such as those chara&drby institutional care, may be
associated with a vigilant, hyperreactive pattdrstiess system responding. However,
when the stress is chronic or severe, hyperrefctivay switch to hyporeactivity later in
life and contribute to physiological patterns whagpear blunted or unusually low. The

physiological and behavioral profiles of hyper- dybo- reactivity will be discussed,
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along with how these profiles may have been maietiin various environments to
support adaptation.

Under the AMC, low vagal tone coupled with the exgece of early life stress is
suggestive of a hyperreactive pattern — low vaga to more easily engage the SNS
system. This physiological profile might be adaptwithin the institutional environment
where children need to keep a vigilant watch oegiaers to know when to approach
and when to keep their distance, or may promptthiile to display dysregulated
behavior, which would result in receiving more atien from caregivers. Within the
post-adoption environment, a child with this preagan of responsivity may flourish
when they have a parent who reacts promptly andlgab their negative displays of
emotion, which may help to explain why these cleitdwith lower RSA, coupled with
low parental distress, evidenced low levels of ewhbzing behavior. The low RSA may
have contributed to the child showing clear sightear, anger, or sadness that the parent
could discern, address, and eventually calm. Aalthlly, vigilance and attentiveness to
the environment are not necessarily negative geshthen the child has a calm parent.
In this case, the low RSA may contribute to grea@ssitivity to the parent’s reactions of
calmness. During distressing situations, the ganent may help regulate the child,
allowing the sensitive child to absorb any posiegvneotion regulation strategies the
parent has to offer. Evidence to support the mathat low RSA in combination with
higher quality parenting may benefit the child cenfrem a study conducted by Bagner
et al. (2012). They examined preschool childreo wiere born prematurely and who
also presented with elevated externalizing problédesnpared to children in the waitlist

control condition, those children with the loweS/&Rwhose parents received the Parent-
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Child Interaction Therapy (PCIT) intervention shalitbe lowest levels of disruptive
behavior problems following intervention. Authortgggested that perhaps the low RSA
contributed to more child emotion dysregulatiort thativated the parents to want to use
the skills learned in the PCIT intervention. Th&/IRSA may have also allowed the
child to be more sensitive to improvements in pangn allowing the effects of the
intervention on behavior. In sum, low RSA may beaiated with the child showing
signs of negative affect that the calm parent caeal and address, and the child being
sensitive to threat but also to the best qualthesparent has to offer.

In the current study, the finding that greater R&#drawal was associated with
low skin conductance during the positive emoti®kts promising, suggesting that the
engagement of the PNS was sufficient to cope va¢hchallenge. Further investigation
of other measures of child adjustment are neededehss direct observation of parent-
child interactions, to examine how low parent @is$r protects the child from developing
externalizing behavior.

Risk factors for externalizing behavior in PI children. The associations
between high RSA, high parent distress, and maermadizing behavior are complicated
to sort out. Additionally, greater skin conductameactivity during the positive emotion
task, indexing more arousal and SNS input, wasczssaol with more externalizing
behavior but only under the condition of high pamistress. Controlling for parent
distress, greater skin conductance during theipesask was associated with greater
RSA augmentation as well, suggesting that the SMISPANS were functioning against
each other rather than in a reciprocal fashion ofdiag to the Autonomic Space model,

a type of nonreciprocal activation would be co-ztion resulting in high RSA coupled
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with high skin conductance, which is what the Riugr evidenced during the positive
task. During the conflict task, those PI childreithva high distress parent showed the
least RSA withdrawal. Controlling for parent dests, skin conductance and RSA were
marginally correlatedr(= .35), indicative of this co-activating pattemrithg the conflict
task. In the literature, high basal RSA and acorating reactivity pattern in the context
of risk for exposure to adversity has been assediaith externalizing behavior (El-
Sheikh, 2007; EI-Sheikh et al., 2009; EI-Sheikh &i¥§on, 2006; Gordis et al., 2009).
Thus, the following sections will discuss variopgesulations regarding how ANS
functioning may have conferred adaptation and nagdtadion in different contexts.

I s high vagal tone and SNS activation a sign of enduring vagal rebound? In
animal models of exposure to brief stress in adoith rats displayed the phenomenon of
“enduring vagal rebound”, characterized as highaV&ane, vagal augmentation to stress,
and increased SNS tone (Carnevali et al., 201h)s f/pe of co-activation was posited
to be an adaptive response to stress in ordedpalme organism down-regulate the over-
activity of sympathetic drive. There have beentreddy few studies examining enduring
vagal rebound in humans, and these have focusaduts (e.g., Mezzacappa, Kelsey,
Katkin, & Sloan, 2001). It is unknown whether cinén would also display this
phenomenon and further longitudinal research igired examining RSA recovery
following different levels of stress. But it can §geculated that perhaps due to the early
institutional care coupled with exposure to a hiigiress parent, high vagal RSA was
being maintained to help down-regulate the heigfde®NS tone.

Ishigh vagal tone a sign of vigilance? It has also been suggested that high RSA

is indicative of increased attention to surroundingor at-risk individual, this may take
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the form of heightened vigilance. For example, carad to non-abused children,
maltreated children showed greater decreases i tta¢@ when they heard an inter-adult
argument in the background (Pollak et al., 200B)another study, vagal augmentation
to a peer provocation task was associated with mmmduct problems, but only in the
context of high exposure to domestic violence (Ka@07). These studies suggest that
high basal RSA and RSA augmentation may reflectigatory monitoring of the
environment to assess threat. This could help expta increased behavioral and
neurobiological sensitivity to threatening faceswwoented in PI children (Tottenham,
2012).

I sthis physiological profile a sign of under-arousal? It has also been suggested
that high basal RSA and co-activation in respoondéreat reflects under-arousal. The
ACM posits that when stress remains chronic, hegponsivity can switch to
hyporesponsivity (Gunnar & Vasquez, 2006; Kesdleid.e 2005; Tarullo & Gunnar
2006; Del Giudice, Ellis, & Shirtcliff, 2010). Th&CM describes this pattern of
unresponsivity as unemotional with a physiologpmalfile that is more or less
unresponsive via sympathetic input during mostasituns but becomes incredibly
activated by threat. This takes the form of thectvation pattern described previously:
high PNS input to remain behaviorally calm coupleth high SNS input to remain
vigilant and respond at a moments notice. Automamervous system co-activation has
been found in adults engaging in high-intensityear inducing situations who need to
remain behaviorally calm but simultaneously prefddog action such as is required for
sky-diving and spaceflight (Allison et al., 201bertson, Convertino, & Vernikos,

1994). Thus, in normative samples, this type spomse might be required to calmly
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handle stressful situations. However, when thpe tgf pattern is used all of the time, it
may be an indication of hyporeactivity hypothesit@desult from chronic stress. A
small body of evidence supports the argument tiggt Vagal tone may reflect under-
arousal (Dietrich et al., 2007; Dietrich et al.02). Low arousal associated with high
RSA may also be indicative of fearlessness, patyimpairing one’s ability to learn
from punishment. In support of this argument, HRfPA in adults has been found to
relate to reduced fear-potentiated startle durmgrgpredictable shock, suggestive of
decreased aversive responding to threat (Gorkla, @04 3). Interestingly, PI children
(aged 8-9 years) have also been shown to dispthicesl fear-potentiated startle
amplitude compared to non-adopted children (Johesah, 2011). They have also
shown hypoactivity in other domains such as redwoetical activity and blunted
cortisol patterns at adoption and several yearsaubgption (Carlson & Earls, 1997;
Gunnar, 2001; Kroupina et al., 2012; Marshall, Réalx, Nelson, & Zeanah, 2008;
Tarullo et al., 2011). This blunted cortisol pattbas been found in other samples of
children who have been exposed to chronic streds @1 maltreatment and foster care
and those diagnosed with traumatic stress dis¢iechetti & Rogosch, 2001; DeBellis
et al., 1999). Within PI children, this bluntedtean of cortisol activity has been
associated with more externalizing problems andtgreparenting stress around
managing children’s difficult behavior (Kroupinaadt, 2012).

Under-arousal in biological systems may also cohjg@oresponsiveness to
rewards and contribute to sensation-seeking belsmassociated with poor executive
function and impulsivity. Evidence from animal net&lsuggests that early social

deprivation causes abnormalities in brain regibas support effortful control abilities
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and systems critical to reward, motivation, andraton such as the prefrontal cortex, its
associated areas, and the mesocorticolimbic domasystem. An indication that these
brain regions may be altered in PI children is elational evidence suggesting that they
are at elevated risk for problems in effortful cohtsuch as impulsive behavior,
sustained attention, action monitoring, and hygeri#yg (Bruce et al., 2009; Colvert et
al., 2008; Loman, Johnson, Quevedo, Lafavor, & Gunim press; Merz & McCall,
2010; McDermott, Westerlund, Zeanah, Nelson, & R2iX.2; Pollak et al., 2010). If
high RSA constitutes low arousal, this may contelio increased impulsivity,
sensation-seeking, and approach behaviors to brmgsal up to optimal levels, but at
the same time, might also put them in situatiokelyi to evoke externalizing behavior.
One recent study found that for Pl youth and notgarison groups, sensation-seeking
was positively associated with conduct problemar{an et al., in press). If sensation-
seeking approach behavior is a phenotype of high, R8s might help to explain the
inhibitory control and hyperactivity problems préssa in P1 children. Because PI
children are also at-risk for delays in emotion enstinding and social cognition, their
approach behavior may evoke negative responsesdtioens. If you combine an
impulsive sensation-seeking child who also dispfaysr social skills with a parent prone
to showing anger and anxiety, coercive processgstaka place resulting in elevations
in externalizing problems. It will be important fluture studies to examine effortful
control, temperament, and neurobiological correlaa@d how they might contribute to
parent-child dyadic processes putting PI childriensk for psychopathology.

I sthis physiological profile a sign of proactive aggression? An externalizing-

type problemss broad term to describe a heterogeneous mixfusettaviors that differ
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on a continuum of impulsivity, labiality, delinqueyn and aggression (Beauchaine, 2001;
Frick et al., 2003). Unfortunately, due to theunatof the HBQ used in the present study,
more nuanced forms of externalizing types of bedrasould not be examined. Despite
this limitation, speculations can be made regarthegsignificance of physiological
patterns and specific forms of aggression. One bfgexternalizing behavior associated
in the literature with under-arousal and co-acth@patterns of ANS functioning is
proactive aggression (Scarpa, Hayden, & Tanaka))2®roactive aggression can take
the form of a “cold-temper,” reflecting non-emotadmggression used to intimidate
others to obtain a desired goal and is often agtetiwith more pre-meditated and
manipulative behavior (Vitiello & Stoff, 1997). htype of aggression is often
accompanied with decreased fear of punishmenthibited temperament, and thrill-
seeking behaviors, and may require that the chitab# very tightly controlled emotion

in order not to let others see their motives. &dWeseveral studies have found that P1 15-
year-olds adopted after 6 months evidenced elevated of callous unemotional traits
(Kumsta, Sonuga-Barke, & Rutter, 2012; Sonuga-Batla., 2010). This tightly
controlled presentation might require high basahR&ut it is unclear if we would expect
lower SNS tone or higher. Scarpa, Haden, and Ta(KL0) found that proactive
aggression in children was associated with highsabRSA and high basal skin
conductance, which is similar to what the presamdysfound in terms of high basal

RSA, and greater skin conductance reactivity and R&mentation during the positive
conversation with parent. Investigating the speibf externalizing behavior and how
exactly it manifests (e.g., cold versus hot tempepulsive versus premeditated) will

help researchers better understand how to besPiglarents and children.
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Physiological functioning in the context of a distessed parent.Bidirectional
influences between parent and child are likelyrtgkplace contributing to externalizing
behavior; therefore, it is important to consideraivhigh parent distress might add to the
process.

Parent distress and child under-arousal. If the PI child did manifest
physiological under-arousal, particularly if itdsmbined with a proneness to
stimulation-seeking and reduced threat aversias ntlay encourage the parent to
amplify their response during moments of limit-sgftin order to change the child's
behavior. As the parent becomes more emotionedlysed, they may model
dysregulated behaviors for the child, while alstbiisg the stage for coercive interactions,
which all contribute to externalizing behavior.

Parent distress and child suppression of emotion. It could be the case that the
child is suppressing emotion and maintaining higbal tone so as not to upset the parent
who is easily distressed. Parents who score hightilystress also tend to score higher in
other negative socialization practices that cam $ka message that displaying negative
emotions is wrong, inappropriate, or invalid. Thiay result in the child suppressing
negative emotion until it gets released in highinse ways, such as externalizing
behavior (Gottman, 1997; Gross & Levenson, 1993)leed, Fabes, Leonard, Kupanoff,
and Martin (2001) found that parent distress, wtauipled with harsh socialization
practices, resulted in children exhibiting fewegatve emotions, but when they did
express themselves, very intense emotional displays exhibited. Interestingly, the PI
group actuallyncreasedRSA during the conflict discussion task when thag a parent

with high distress. Perhaps the PI children weppsessing negative emotions to not
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upset the parent and to avoid negative consequerites this association was found in
only the PI group suggests that perhaps, due todghdier experiences of institutional
care, they are more likely to increase RSA to eitiedp support the distressed parent or
to avoid harsh consequences from a high distreenpduture research examining
observed expressions of emotion in both parenthild are warranted to examine
dyadic processes and how they may influence behpudlems.

Examining the various environments the child haantered is helpful when
making speculations as to how this co-activatintgpa may have been supported.
Within the institutional environment, it may havedn adaptive for the child to suppress
strong negative emotions in order to avoid punigitraed enhance their chance of being
cared for. Neutral emotions exhibited by childreay be the preferred affect to get
caregiver’'s attention, whereas crying and tantrumiisch are inefficient ways of energy
expenditure, may instigate a frightening or igngniesponse from the caregiver (Vorria
et al., 2003). Thus, it would have been adaptivechildren to display neutral or positive
affect, supported by high RSA, but also to be @ntahs supported by greater SNS input.
When a sample of institutionalized infants and tedslin Romania were observed in the
presence of institution staff, they displayed liessractive behavior and more watchful
behavior, perhaps to remain vigilant (Smyke et241Q7). Others have noted that
institutionalized children appeared flatter in atfevith a restricted range of expressed
emotions. It could be that those children who ldigpnore “social moves” are more
likely to attract more sensitive responsive caoeffistaff. In a study of children in
residential group care, children who appeared “l@ppnd more social were also more

likely to have a secure attachment relationshi wistaff member (Vorria et al., 2003).
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Children within institutions have also been fouadhow compulsive caregiving which
may take the form of a child showing falsely brigghaffect and leading parent-child
interactions when the caregiver is withdrawn oregponsive and not meeting the child’s
needs (Chisholm, 1998, 2000). Taken together iy of research suggests that within
the institutional environment, children are leg&glly to show strong clear contingent
signs of positive or negative affect but ratherngimeore neutral to positive tone, perhaps
to increase their opportunities for social engagemeto obtain scarce resources. This
tight control of emotions and vigilance may carigoto the post-adoption environment
and remain supported by a high distressed patrrd.recent study, recently adopted Pl
toddlers were exposed to fear-inducing stimuli amate positive enjoyable stimuli (e.g.,
bubbles). Compared to non-adopted children, Rilidn tended to react with more
freezing behavior. Freezing behavior has beendaarbe associated with amygdala
functioning and is supported by strong SNS-medigttiways. Interestingly, greater
freezing behavior was not associated with increasggtive affect. Additionally, the PI
group showed less positive affect than non-adopiédren during the positive situations
(Stellern et al., 2014). This incongruence betweaemavior and expressed emotion could
indicate either that the children were afraid hug@essing the facial emotion, or that
they were uncertain of how to react and rather tbamng to their caregiver for
reassurance, they stood alone. Both of these tfpesponses would be supported by
the type of co-activation pattern seen in the curseudy.
Limitations

The results incorporating parent distress and eatizing behavior must be

interpreted with caution due to the reliance orepaireports, which were submitted by
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the same parent and subject to informant biaser®awho report high levels of
unsupportive responses to children’s negative emsthave been found to perceive their
children as displaying more negative emotions (fibseg et al., 1996). It is likely that
the relationship between parent distress and @mnldrdifficult behavior was

bidirectional such that children’s externalizingc#&d more distress from the parent, and
parents’ escalating distress evoked children’shagatiut behavior leading to a coercive
cycle of parent-child interaction (Larson, Vidirgijsdijk, & Plomin, 2008; Patterson et
al., 1992). Indeed, the NA group showed the samnelation between parent distress
and externalizing behavior suggesting that the@ason was not unique to Pl families.

It was curious that expressive encouragement wasdfaot to uniquely predict key
variables; it could be that there was a ceiling@fbn this measure with little variability.
Perhaps a more nuanced measure investigating ispesjifiects of positive emotion
socialization practices was needed. Future studikang observational measures of
parent-child interactions and child socio-emoticadjustment are needed in order to
replicate and extend the current findings.

The reliance on parent-report for the emotion dizeiton measures leaves open
the question as to whether parents might have @p@rted using expressive
encouragement or under-reported their levels afetis. In a psychometric study of the
CCNES questionnaire, it was found that out of tResabscales of emotion socialization,
only parent distress was significantly related ®asures of social desirability (Eisenberg
et al., 1996; Fabes et al., 2002). The parerfsarcurrent study reported similar levels
of distress and expressive encouragement as hasbeal in other studies on low-risk

samples. Although the range of distress scoresmidie lower end (very unlikely to
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moderately likely to respond with distress), thubtte difference was enough to account
for significant variability in children’s autonomand behavioral functioning. However,
what does high parent distress as reported byjtlastionnaire really mean? The
CCNES does not differentiate between felt emotiuth @xpressed emotion. Thus, two
parents may have both felt anger when their chitdkd a toy and cried, but how this
anger was dealt with and expressed in the familydcbave been very different. The
child’s experience of a parent who angrily lashesi® much different from a parent who
takes a deep breath and leaves the room. lIttisadly important that these findings be
followed up with more observational measures oépachild dyadic interactions,
particularly surrounding negative emotions. Al$ds not enough that researchers
measure parent stress levels. We also need toexdow parents cope with their own
difficult emotions in the face of their child’s disss in order to best address the needs of
adoptive parents.

Another limitation is that this study focused oe tmpact of the mother as the
primary socialization agent; however, children teabout emotions through a wide
variety of people such as fathers, siblings, aadtters. Research is beginning to
elucidate the meaningful ways that, for instanathdrs socialize emotions in their
children and how this is related to autonomic sysfienctioning (e.g., Hastings & De,
2008). Moreover, studies on the impact of pargnitininternationally-adopted children
mainly examine mothers, even when it is the panvier is doing most of the caregiving.
Future research examining post-adoption parentingld include information on both

parents, as both play important caregiving andadiaaition roles in children’s lives.
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For all groups, the sex of the child did not apgeampact parent emotion
socialization practices. This finding is consisterth research finding no significant
differences based on the gender of the child (Been& Fabes, 1994; Eisenberg et al.,
1996). However, there is a rich body of literatdoeumenting gender effects. For
example, parents tend to put more pressure ontbatgppress or change negative
emotions and encourage girls to express their negamotions (Fivush, Brotman,
Buckner, & Goodman, 2000). Mothers and fathersehzeen found to differ in
socialization strategies depending on the sexettfild. For instance, mothers have
been found to become more distressed when theghtlers display sadness compared to
their sons (Cassano & Perry-Parish, 2007). Thidysonly tested three fathers so the
influence of parent gender on use of distress apdessive encouragement could not be
examined. However, because of the documentedifferedces, future research is
needed examining how parent and child sex may iboér to adjustment in
internationally-adopted children.

Regarding the measurement of RSA and skin condeetanshould be
emphasized that these are only indirect indicédaNs and SNS functioning to give us a
small window into understanding the full extenfurictioning of stress systems.
Emerging research has suggested that repeatesd ist@ssociated with asymmetry
between biological systems and that the patteaspimetry is related to atypical
development (Bauer, Quas, & Boyce, 2002). It ipontant for researchers to not only
measure indices of PNS and SNS functioning in #mesmodel, but to also examine
interactions between these two systems. Furthermdrege studies should examine

stress reactivity across multiple stress systengs, (dPA, ANS) and how they function
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interactively to support adaptive and maladaptiveeomes. Due to low sample size in
the current study, indices of PNS and SNS funatigriould not be examined
concurrently to see how their joint action conttémito externalizing behavior.

Another limitation of this study was that it onlyamined three broad
measurements of environmental factors that couhdritute to ANS functioning.
However, there are genetics and health factorsneaisured by this study that contribute
to regulatory functioning and influence RSA andhstonductance, and these different
factors interact at various points across develayrfeeg., Propper et al., 2008).
Longitudinal research is needed to understand hevinteractive effects between
biology and different adverse experiences in irga@amally-adopted children impact
individual differences in ANS functioning acrossydlpmental periods and to
understand the processes by which interactive tsfiegpact short- and long-term
maladaptation.

A major problem with interpreting findings based®8A and skin conductance
is that these measure have been linked with ay afrgeneral processes that make it
challenging to specify their functions. Basal RIS# been described as measuring
openness to the environment, approach tendencesability, aversive responding,
engagement, attention, stress-reactivity, emoegulation, and social competence. RSA
reactivity is even more poorly conceptualized aad been described as measuring
emotion regulation, adaptive responding, and gémeaativity to the environment. Skin
conductance has been interpreted in conflictingsassywell (reviewed in Boucsein,
2012). While some studies have used it to indexsability and active engagement,

others have used it as a marker for “fight/fligtehdencies, associating it with fear or
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aversive responding to threat. There is also wigipliterature documenting the need to
measure perceived threat in addition to indiceBN® and SNS functioning because
whether the individual perceives a stimulus as eatéreatening will aid in
interpretation of physiological responses (Porg68,7). For example, the SNS system is
activated by threat to mobilize fight/flight resp@s, but it is also activated by thrilling
situations to mobilize “excite and delight” respesgAllison et al., 2012). More basic
research on indices of ANS functioning is needeath@ring physiological, behavioral,
and contextual influences on individual differenge&NS functioning, to help
researchers validate what exactly they are meagurin
Conclusion

The associations between physiology and poor pateltt emotion regulation in
the Pl and PFC groups suggest that post-adoptipariexces played a role in shaping
ANS development. Furthermore, for the PI groughtbasal RSA and high parent
distress to children’s negative emotions contriduteelevated levels of externalizing
behavior. Higher levels of skin conductance re#gtio a positive emotion conversation
with their parent also predicted more externalizangblems, but only for children who
also had a parent high in distress. Converselydasal RSA coupled with low parent
distress appeared to protect the child from exhifpilevated levels of externalizing
behavior. These findings do not support the nodiban optimal universal profile of
ANS functioning irrespective of environment demarilather, these findings underscore
the importance of considering the ANS in concethwither systems to facilitate emotion
regulation. We cannot view ANS functioning as diyrgpstatic trait that confers risk for

or resilience from developing psychopathology. wdlial differences in ANS
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functioning are better conceptualized as resultiogn dynamic processes that develop
over time, that are influenced by interactions agwwltiple levels, so that at any given
time, a measurement of ANS functioning reflectshistory of interactions which has
shaped the ANS and maintained a certain level aptadion up until that point.

The results of the present study are promisingise they implicate that the
child’s biology remains open to influence from @wng experiences later in life. For
internationally-adopted children in particular,atebnal experiences post-adoption may
help to regulate biological functioning and redus& for behavior problems. The
findings on the associations of parent distresh differences in ANS functioning and
externalizing behavior emphasizes the need fotlneahd supportive environments
during childhood, which may shape, support, anchtam healthy emotion regulation
needed for successful adaptation. Given that staobal body of evidence has
documented the great deal of stress and strairstima¢ parents of internationally-
adopted children experience, extensions of theeatistudy are needed examining
relations between general parenting stress andhipaffect regulation in response to
children's problem behavior. We also need to bettderstand how children with
histories of socio-emotional neglect interpretpaasd to, and cope with negative affect in
their parents. If the findings on parent distress be replicated and extended in future
research, this has the potential to inform prewventiterventions that will support the
mental health of parents of internationally-adoptkiidren, which in turn, may also
support children’s physiological functioning andluee parent-child processes that may

increase the risk for externalizing behavior.
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Appendix 1: Tables

Table 1
Country of Origin by Group and Sex
Post-instituten = 38 Post-foster cara = 23

Country n (female) % (% female) n (female) %fE¥nale)
China 15 (12) 39.5 (80.0) 0 0
South Korea 0 0 17 (7) 73.9 (41.2)
Vietnam 1(1) 2.6 (100) 0 0
India 1(1) 2.6 (100) 0 0
Russia 16 (5) 42.1 (31.3) 0 0
Ukraine 1(0) 2.6 (0) 0 0
Kazakhstan 1(0) 2.6 (0) 0 0
Colombia 0 0 (0) 1(2) 4.3 (100)
Guatemala 2 (1) 5.3 (50) 5(2) 21.7 (40)
Ethiopia 1(0) 2.6 (100) 0 0
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Table 2
Early Care Experience

Variable

Post-institute
M (SD; Range)

Post-foster care
M (SD; Range)

Months in institution

Months in foster care

Age at adoption
(months)**

Early care risk factors**

Years in USA at time of
testing**

18.46 (10.77; 9 - 53)

0

19.14 (10.78; 9 - 53)
1.68 (0.45; 1 - 2.83)

7.60 (1.14; 4.46 - 8.95)

0

5.07 (1.34; 3 - 7.5)

5.60 (1.50; 3 - 8)
10.07; 1-1.33)

8.39 (0.68; 7-4260)

**p < 001
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Table 3

Demographic Characteristics by Group

Characteristic Post-institute Post-foster care Bdopted

Age of child (years) at testing (SD) 9.20 (0.57) 8.86 (0.70) 8.87 (0.58)
Age of parenM (SD)

Respondent** 48.57 (4.73) 46.67 (3.59) 40.59 (4.98)

Partner** 48.84 (6.19) 48.44 (3.79) 41.96 (6.54)
Parent Education (% college degree)

Respondent 100 95.70 94.60

Partner 100 95.70 81.10
Annual Household Incomigledian $100,001 - 125,000 $100,001 - 125,000 $75,00D;000

, 0 , - .
Marital Sgatus (% married or living with 78.90, 95.70, 100,
partner)*
History of Heart Problem (%) 7.90 0.00 2.70
Child Medicine Use* 34.20 13.00 10.80
Weight (kg) at testing 28.15 (4.83) 29.47 (6.12) .530(4.99)

Height (cm) at testing*

132.42 (7.09)

130.51 (8.28)

136.07 (9.39)

* p< .05, *p< .01

# Post-institute and post-foster care groups wengbaoed and compared to non-adopted group.
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Table 4
Descriptive Statistics for Physiological Variables

Variable Min. Max. M SD N
Average Scorée’s
NS.SCR baseline 1.00 216 163 0.34 85
NS.SCR conflict task 1.00 237 189 0.23 77
NS.SCR positive task 1.00 225 186 0.03 79
NS.SCR cognitive task 1.00 228 190 0.25 80
RSA baseline 3.55 971 7.10 1.31 93
RSA talk control 3.64 8.47 6.45 1.16 90
RSA talk/social control 412 891 6.75 1.08 93
RSA conflict task 3.51 897 6.40 1.18 93
RSA positive task 3.05 9.25 6.39 1.8 89
RSA cognitive task 3.55 9.14 6.63 1.17 91
Standard Residual Scores
NS.SCR(con)-R -2.87 1.77 0.00 0.99 75
NS.SCR(pos)-R -2.50 1.99 0.02 0.91 76
NS.SCR(cog)-R -3.11 230 0.00 0.99 77
RSA(con)-R -4.29 220 0.00 0.99 92
RSA(pos)-R -2.68 287 0.00 0.99 89
RSA(cog)-R -2.48 275 0.00 0.99 920

# NS.SCR mean values are log 10 transformed. RSAspiRgory-sinus arrhythmia;
NS.SCR = Non-specific skin conductance response.SNR(pos) = reactivity score
during positive task; NS.SCR(con) = reactivity sduring conflict task;
NS.SCR(cog) = reactivity score during cognitivektdRSA(pos) = reactivity score
during positive task; RSA(con) = reactivity scoreidg conflict task; RSA(cog) =
reactivity score during cognitive task.
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Table 5

Intercorrelations Among Key Variables

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1. Age at testing -
2. Age at

adoption .18 -
3. Early care

risk 21 .60** -
4. Sex (male=1,

female =2) =12 14 .13 -
5. NS.SCR -

baseline 23%  -44* 37 -07 -
6. NS.SCR(pos) -14  -03 .01 -12 .02 -
7. NS.SCR(con) -07 -.06 -11 .04 .00 .54* -
8. NS.SCR(cog) -14  -.08 -14 14 .00 .36** .36** -
9. RSA baseline A2 -14 -13 -07 .04 -09 -19.08- -
10. RSA(pos) .10 -.15 -.10 22 .07 14 25 13 5.1 -
11. RSA(con) -17  -12 -.28* A0 .04 -01 .03 .0309 . .48* -
12. RSA(cog) -04 -15 -.06 .03 .08 12 -03 .06 2*.2 .17 24* -
13. Ext -.02 .40 37 -19t -03 .10 .02 -01 11 .01 -05 -02 -
14. Distress -.15 .18 .03 -04 .13  .28* .07 .09 8-.0 -.03 .00 -14 37+ -
15. Express

encourage -.07 .07 A1 .05 -03 0.18 12 -.041 .01 .05 .09 -14 -.26%

tp<.10; *p<.05; * p<.01l. RSA = Respiratory-sinus arrhythmia; NS.S€Ron-specific skin conductance response. NS.pa&§ (= standard
residual reactivity score during positive task; SISR(con) = standard residual reactivity score duconflict task; NS.SCR(cog) = standard residual
reactivity score during cognitive task; RSA(posjtandard residual reactivity score during positask; RSA(con) = standard residual reactivity score
during conflict task; RSA(cog) = standard residwlctivity score during cognitive task; Ext = Extalizing score
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Table 6
Missing Physiological Data by Group

Post-institution

Post-foster care

Non-adopted

Variable % Refuse % Unusable % Refuse % Unusable % Refuse % Unusable
Skin Conductance
Baseline 0 16 0 9 0 14
Positive emotion task 3 21 4 17 0 14
Conflict discussion task 5 18 9 13 0 16
Cognitive task 5 16 9 17 0 11
Respiratory Sinus Arrhythmia
Baseline 0 6 0 9 0 3
Positive emotion task 3 6 4 17 0 0
Conflict discussion task 0 6 4 9 0 0
Cognitive task 3 6 4 13 0 0
Talking control 0 9 4 4 0 0
Talking/social control 0 6 4 9 0 0
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Table 7

Descriptive Statistics of Variables by Group

Variable

Post-institution

Post-foster Care

Non-adopted

Min. Max. M SD Min. Max. M SD Min. Max. M SD
WASI 1Q* 69.00 130.00 106.29 15.45 86.00 136.00 111.22 12.62 90.00 141.00 1151, 12.77
WASI

29.00 74.00 4957 10.80 37.00 70.00 5570 9.10 21.00 80.00 59.0¢6 12.21
Vocabulary **
WASIMatrix 5, 00 7200 54.83 1230  23.00 69.00 5418 12.33 2500 70.00 5642 9.74
Reasoning
Puberty Score  1.00 225  1.34  0.33 1.00 250 1.42 036 1.00 250 151 0.39
Distress 1.83 425 300 0.62 133 425 273 0.76 1.00 450 2.81 0.84
reaction
Expressive 383 650 532 0.72 367 642 514 0.80 275 692 516 1.07
encouragement
Externalizing
(log10 1.00 1.34 111 008 1.00 1.2 106 0.5 1.00 119 105, 0.05

transformed)**

*p <.05; **p < .01.
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Table 8

Hierarchical multiple regression predicting basairespiratory-sinus arrhythmia

Step 1 Step 2 Step 3 Step 4
Variable B SE B SE B SE B SE
Child sex -0.19 0.27 -0.17 0.28 -0.19 0.28 -0.07 0.26
NA group -0.12 0.31 -0.11 0.32 -0.13 2.50
PFC group 0.27 0.36 0.25 0.37 5.6t 3.02
Distress -0.10 0.20 0.92** 0.35
Express encourage 0.15 0.16 -0.18 0.29
NA X Distress -1.02* 0.44
PFC X Distress -2.21%** 0.52
NA X Express 0.57 0.35
encourage
PFC X Express 0.15 0.45
encourage
mgg‘e"la”ate': for F (1, 91) = 0.50 F (3, 89) = 0.54 F (5, 87) = 0.60 F (9, 83) = 3.00**
Total R 0.01 0.02 0.03 0.25
(AR?) 0.01 0.02 0.21%**

*p < .05, **p < .01. NA = Non-adopted; PFC = Post-foster care.
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Table 9

Hierarchical multiple regression predicting respioay-sinus arrhythmia reactivity during conflictsdiussion task

Step 1 Step 2 Step 3 Step 4
Variable B SE B SE B SE B SE
Child sex 0.19 0.21 0.22 0.21 0.22 0.21 0.26 0.21
NA group 0.07 0.24 0.08 0.24 5.42** 2.03
PFC group 0.37 0.28 0.38 0.29 5.41* 2.52
Distress 0.06 0.15 0.72** 0.28
Express encourage 0.07 0.13 0.42t 0.24
NA X Distress -0.90** 0.36
PFC X Distress -0.99* 0.42
NA X Express encourage -0.52t 0.29
PFC X Express encourage -0.42 0.37
Multivariate F for model F (1, 90) = 0.87 F (3, 88) = 0.89 F (5, 86) = 0.60 F (9, 82) = 1.40
Total R 0.02 0.03 0.03 0.07
(AR?) 0.02 0.00 0.10t

tp<.10, 1 < .05, *p < .01.NA = Non-adopted; PFC = Post-foster care.
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Table 10

Hierarchical multiple regression predicting resplioay-sinus arrhythmia reactivity during positive etion task

Step 1 Step 2 Step 3 Step 4

Variable B SE B SE B SE B SE
Sex 0.43* 0.21 0.49* 0.21 0.48* 0.21 0.51* 0.22
NA group 0.08 0.23 0.07 0.23 1.25 2.10
PFC group 0.55t 0.28 0.55t 0.29 0.17 2.62
Distress -0.01 0.15 0.06 0.28
Express encourage 0.00 0.12 0.06 0.25
NA X Distress -0.19 0.36
PFC X Distress 0.10 0.43
NA X Express encourage -0.12 0.30
PFC X Express encourage 0.03 0.39
Multivariate F for model F (1, 87) = 4.22* F (3,85)=2.77* F (5, 83) = 1.62 F (9, 79) = 0.95
Total R 0.05 0.09 0.09 0.10
(AR?) 0.04 0.00 0.01

t p= .05, *p < .05.NA = Non-adopted; PFC = Post-foster care.
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Table 11

Hierarchical multiple regression predicting respioay-sinus arrhythmia reactivity during cognitivask

Step 1 Step 2 Step 3 Step 4
Variable B SE B SE B SE B SE

Sex 0.05 0.21 0.05 0.21 0.03 0.21 -0.003 0.23
NA group 0.31 0.24 0.30 0.24 0.59 2.16
PFC group 0.20 0.29 0.16 0.29 0.63 2.68
Distress -0.51 0.15 -0.16 0.30
Express encourage 0.07 0.13 0.13 0.25
NA X Distress 0.07 0.38
PFC X Distress -0.16 0.44
NA X Express encourage -0.10 0.30
PFC X Express encourage -0.01 0.40
Multivariate F for model F (1, 88) = 0.07 F (3, 86) = 0.60 F(5,84)=0.71 F (9,80)=0.45
Total R 0.001 0.02 0.04 0.05

(AR?) 0.02 0.02 0.01

NA = Non-adopted; PFC = Post-foster care.
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Table 12

Hierarchical multiple regression predicting baseiekin conductance using multiply imputed data

Step 2 Step 3 Step 4

Variable B SE B SE B SE
Child age at testing -12 0.08 -12 0.08 -0.12 0.07
Sex -0.05 0.08 -0.04  0.09 -0.06 0.08
NA group -0.06  0.09 -0.06  0.09 0.10 0.88
PFC group 0.14 0.12 0.15 0.13 0.84 1.00
Distress 0.03 0.06 0.04 0.13
Express encourage 0.01 0.05 0.05 0.10
NA X Distress 0.02 0.17
PFC X Distress -0.10 0.20
NA X Express encourage -0.04 0.12
PFC X Express encourage -0.08 0.15
Pooled AR @ 0.00 0.01 0.01

t p <.10.NA = Non-adopted; PFC = Post-foster care.
2Values based on multiply imputed data. OAR? available.
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Table 13

Multiple regression predicting skin conductanceatdaty during conflict discussion task using nmplltiimputed
dataset

Step 1 Step 2 Step 3 Step 4

Variable B SE B SE B SE B SE
Age at testing -0.10 0.27 -0.10 0.29 -0.06 0.31 -0.12 0.32
Sex 0.03 0.33 -0.17 0.34 -0.12 0.35 -0.14 0.34
NA group 0.05 0.33 -0.10 0.38 -1.08 2.66
PFC group -0.02 0.42 0.13 0.43 -4.69 3.11
Distress 0.11 0.21 -0.13 0.41
Express encourage 0.14 0.18 -0.02 0.32
NA X Distress 0.21 0.56
PFC X Distress 0.61 0.55
NA X Express 0.07 0.38
encourage
PFC X Express 0.61 0.50
encourage
PooledAR? 0.01 0.02 0.01

NA = Non-adopted; PFC = Post-foster care.
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Table 14

Multiple regression predicting skin conductanceatdaty during positive task using multiply imputeataset

Step 1 Step 2 Step 3 Step 4
Variable B SE B SE B SE B SE

Age at testing -0.18 0.25 -0.18 0.27 -0.14 0.27 -0.11 0.27
Sex -0.17 0.26 -0.17 0.27 -0.14 0.27 -0.14 0.29
NA group 0.05 0.33 0.07 0.33 -3.35 3.12
PFC group -0.02 0.42 0.02 0.45 -3.40 3.22
Distress 0.19 0.22 -0.06 0.51
Express encourage -0.08 0.21 -0.39 0.31
NA X Distress 0.43 0.72
PFC X Distress 0.23 0.59
Zﬁ: ;(u'f;‘géess 042  0.38
erccﬁa'fgxgess 052 050
PooledAR? 0.002 0 0.01

NA = Non-adopted; PFC = Post-foster care.
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Table 15

Multiple regression predicting skin conductanceateaty during cognitive task using multiply impdtéataset

Step 1 Step 2 Step 3 Step 4

Variable B SE B SE B SE B SE
Age at testing -0.16 0.25 -0.16 0.27 -0.14 0.27 -0.11 0.28
Sex 0.23 0.32 0.25 0.34 0.26 0.34 0.30 0.34
NA group -0.01 0.39 -0.09 0.40 -1.08 3.22
PFC group 0.17 0.60 0.19 0.61 -2.68 3.64
Distress 0.10 0.22 -0.15 0.58
Express encourage -0.06 0.19 -0.15 0.34
NA X Distress 0.19 0.80
PFC X Distress 0.64 0.94
NA X Express encourage 0.08 0.42
zr':;é aEgXepreSS 021  0.52
PooledAR? 0.01 0.02 0.01

NA = Non-adopted; PFC = Post-foster care.
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Appendix 2: Figures
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Figure 1 Conceptual model of early life stress. From He&xperience and the
Development of Stress Reactivity and Regulatio€hidren,” by M. M. Loman & M. R.
Gunnar, 2010Neuroscience & Biobehavioral Reviews, p4869. Copyright © 2009 by
Elsevier Science. Reprinted with permission.
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Figure 2 Mean levels of non-specific skin conductanceg (10 transformed) across
conditions.
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Figure 3. Mean levels of respiratory-sinus arrhythmia{nasross conditions.
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Figure 4 The interaction of group status and parent distte children’s negative

emotions in predicting respiratory-sinus arrhythifi®®A) during the baseline condition.

The results of the hierarchical multiple regressaoalysis, with sex of child and

expressive encouragement in the model, are plaged) procedures described by Aiken
and West (1991) by graphing parent distress@iD below and above the mean for each

group.
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Figure 5 The interaction of group status and parentelstreaction to children’s
negative emotions in predicting respiratory-sinumbyghmia (RSA) during the conflict
discussion condition. The results of the hierarghimoultiple regression analysis, with sex
of child and expressive encouragement in the madelplotted using procedures
described by Aiken and West (1991) by graphing madestress at $D below and above
the mean for each group.
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