
 

 
 
 
 
 

Externalizing Behavior in Post-Institutionalized Children: An Examination of 
Parent Emotion Socialization Practices, Respiratory-Sinus Arrhythmia, and Skin 

Conductance 
 
 
 
 

A Dissertation 
SUBMITTED TO THE FACULTY OF  

UNIVERSITY OF MINNESOTA 
BY 

 
 
 
 

Adriana Marie Herrera 
 
 
 
 
 
 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY 
 
 
 

Megan R. Gunnar 
Bonnie Klimes-Dougan 

 
 
 
 

May 2014 
 
 
 
  



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Adriana Marie Herrera 2014 
 



 

 i 

Acknowledgements 
 
I would like to acknowledge those people who provided invaluable support throughout my 
graduate career, ultimately making this dissertation possible. Thank you to my advisor, Megan 
Gunnar, for imparting her comprehensive knowledge of stress biology throughout the years, 
patiently cultivating my research skills, and truly modeling what it means to go “bench-to-
bedside,” translating basic research for child welfare advocates around the globe.  Thank you to 
my committee, including Abigail Gewirtz, Bonnie Klimes-Dougan, and Maria Kroupina, for the 
thoughtful feedback and guidance throughout this process. 
 
Thank you to those families from the Minnesota International Adoptions Registry and Institute of 
Child Development participant pool that participated in this study. Thank you to the Emotion 
Study team who dedicated countless hours to data collection and coding of physiological 
measures, especially Anna Johnson Roach, Camelia Hostinar Caudill, Laura Moorhead, and MJ 
Heise. Thank you to the Gunnar Lab core team, especially Bonny Donzella, Bao Moua, Kristin 
Frenn, and Elisa Esposito, for helping get this study off and running, answering my countless 
questions, and training me in the mechanics of stress physiology data collection and processing – 
all within the context of an ingenious, warm, and exciting lab environment. Thank you to staff at 
the Center for Neurobehavioral Development, especially Mike Schmidt and Paul Collins, for 
providing me with the resources and technical assistance needed to carry out this study.  
 
Thank you to staff at the M.I.N.D. Institute in California, especially Stacy Goldring, Gregory 
Young, Sally Rogers, and Sally Ozonoff for exposing me to the world of research in the social 
and behavioral sciences and igniting my interest in developmental psychopathology. Thank you 
to Gina Holland, Leon Hall, and Rolf Unterleitner for encouraging me and countless other ethnic 
minority students to pursue research careers, equipping us with the skills necessary to conduct 
quality research through the University of California, Davis’ Biology Undergraduate Scholars 
Program. Thank you to my informal mentors from the Infant and Early Childhood Mental Health 
program, particularly Anne Gearity, Susan Schultz, and Elizabeth Carlson, who inspired and 
challenged my conceptualization of parent-infant relationships and the impact of adverse 
caregiving on child development. The knowledge imparted from the 2008-2010 cohort prompted 
this dissertation in many ways.  
 
And finally, thank you to the family and friends who provided me with the emotional support, 
nurturance, babysitting, and cheerleading necessary to succeed throughout graduate school, 
especially Juanita and Cleotilde Herrera, for their sacrifices to get me where I am today, Sobhi 
Youssef for his unfaltering belief in me, and Josie Herrera, Mike Miyama, Margaret Gonzales, 
Kristin Frenn, the Cobb family, Jessica Salvatore, and Andrea Youssef. Thank you to the little 
guy, Abraham Youssef-Herrera, who inspires me to improve the lives of children. 
 
This research was supported by a Ruth L. Kirschstein National Research Service Award from the 
National Institute of Health 5-T32-MH-015755, a Diversity Supplement to Promote Health-
Related Research from the National Institute of Mental Health 3R01MH080905-03S1, and a seed 
grant from the University of Minnesota Center for Neurobehavioral Development.  
 
 
 
 



 

 ii 

Abstract 

The early experience of social and emotional neglect, such as that seen in institutions for 

the care of orphaned or abandoned children, is associated with altered neurobiological 

functioning and elevated risk for externalizing behavior problems; however, many post-

institutionalized children appear resilient to these effects.  This resiliency calls into 

question how post-adoption parenting practices may contribute to the heterogeneous 

outcomes seen in these children. This study examined the moderating role of current 

parent emotion socialization practices on the relation between early caregiving and 

indices of children’s autonomic nervous system functioning at baseline and in response to 

ecologically valid challenges. Etiological factors, behavioral, and physiological correlates 

for externalizing behavior were also examined.  The sample consisted of 8 to 9-year-olds, 

and compared post-institutionalized (PI) internationally-adopted children with children 

internationally-adopted from foster care (PFC) and children raised by their biological 

families (NA).  Parents self-reported on their encouragement of emotional expression and 

distress reactions to children’s negative emotions.  Externalizing behavior was measured 

by parent report.  Children’s basal level of respiratory-sinus arrhythmia (RSA) and non-

specific skin conductance response (NS.SCR) were measured as well as reactivity to 

challenge.  Results indicated that under conditions of high parental distress, PI children 

displayed a unique autonomic pattern characterized by high basal RSA, and less RSA 

withdrawal and greater NS.SCR reactivity within interpersonal contexts involving their 

parent.  High parental distress was associated with lower basal RSA for the PFC group. 

The PI group evidenced elevated externalizing behaviors compared to comparison 
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groups.  Greater externalizing behaviors were seen for those PI children who displayed 

high basal RSA and NS.SCR augmentation to challenge in the context of high parental 

distress.  Results suggest that post-adoption parenting practices, in conjunction with the 

child’s physiology, contribute to the emergence of externalizing problems in PI children.  
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Externalizing Behavior in Post-Institutionalized Children: An Examination of 

Parent Emotion Socialization Practices, Respiratory-Sinus Arrhythmia, and Skin 

Conductance 

Developmental theory proposes that the presence of sensitive, responsive, and 

consistent caregiving early in life facilitates adaptive emotional functioning  (Bowlby, 

1982).  Early in development, caregivers serve a critical function as behavioral and 

physiological coregulators for children; caregiving characterized by availability, 

attentiveness and sensitivity to the child’s needs, structuring of the environment, and 

responsiveness to the child’s signals, appears to mediate the body’s reaction to stress 

(Gunnar & Donzella, 2002; Gunnar, Fisher, & The Early Experience, Stress, and 

Prevention Network, 2006; Hofer, 1994; Levine, 2005). Evidence from human and 

animal studies of early social deprivation suggest that failure to receive consistent, 

emotionally responsive caregiving early in life may have effects on the regulation of 

vulnerable neurobiological systems undergoing rapid development (reviewed in Nelson, 

de Haan, & Fox, 2007), programming them in ways that are adaptive within the adverse 

rearing context, a process known as experience-adaptive programming (Rutter, 

O’Connor, & the ERA Study Team, 2004).  However, if the child moves to an improved 

caregiving environment, these neurobiological patterns may no longer be adaptive and 

may contribute to emotion and behavior problems (Marshall & Kenney, 2009).   

Children internationally adopted from institutions provide a natural opportunity to 

examine how two extremely different caregiving environments, one that was socially and 

emotionally depriving and another rich in sensitive and responsive care, interact to 

influence indices of physiological functioning as well as emotionally-driven behavior.  
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Because the deprivation occurred during a circumscribed period early in development 

and the adoption into the improved environment happened later but within the first five 

years of life, we can also explore how the timing of caregiving experiences may impact 

biology and how post-adoption parenting practices may serve to reverse the damage 

incurred by these experiences.  The level of socio-emotional neglect that institutionalized 

children experience varies widely.  Most institutions are characterized by high child-to-

caregiver ratios (e.g., > 1 to 6), frequent shift changes, and continuous staff turnover so 

that children are often cared for by multiple caregivers with little continuity of care 

(Zeanah, Smyke, & Settles, 2006).  The little individual care that is provided is quick, 

perfunctory, and routinized; the lack of sensitive and responsive social-emotional 

communication occurring between child and caregiver makes it challenging for the 

child’s emotional and social needs to be met and for attachment relationships to develop 

(Smyke, Dumitrescu, & Zeanah, 2002; Smyke et al., 2007; The St. Petersburg – USA 

Orphanage Research Team, 2005, 2008; Zeanah et al., 2006).  Some institutions are 

particularly harsh; in addition to chronic socio-emotional neglect, children may 

experience physical and sexual abuse and inadequate medical care and nutrition 

(Johnson, 2000).  Once placed in adoptive families, post-institutionalized (PI) children 

show significant developmental catch-up in many areas (MacLean, 2003).  However, 

post-adoption, a minority of children exhibit elevated rates of externalizing behaviors 

characterized by conduct problems, oppositional defiance, and aggression which tend to 

persist or even worsen over time (Colvert et al., 2008; Hawk & McCall, 2010).   

In addition to externalizing behavior, some PI children also exhibit disturbed 

neurobiological functioning, particularly in the context of social-emotional stimuli 
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(Wismer Fries, Shirtcliff, & Pollak, 2008; Wismer Fries, Ziegler, Kurian, Jacoris, & 

Pollak, 2005), prompting the current study investigating the impact of institutional care 

on parasympathetic (PNS) and sympathetic (SNS) branches of the autonomic nervous 

system.  These systems serve a critical role in emotional arousal and regulation (Porges, 

2001, 2003, 2007; Thayer & Lane, 2000).  Little is known regarding the plasticity of the 

PNS and SNS but a growing body of literature suggests that caregiving experiences 

program these systems during sensitive periods of development (e.g., Porges & Furman, 

2011).  Furthermore, research suggests that the SNS and PNS exhibit different patterns of 

reactivity across varying contexts (Bush, Alkon, Obradović, Stamperdahl, & Boyce, 

2011) and that variable response patterns are partly due to the impact of early experiences 

(Oosterman, Clasien de Schipper, Fisher, Dozier, & Schuengel, 2010; Pollak, Vardi, 

Putzer Bechner, & Curtin, 2005; Saltzman, Holden, & Holahan, 2005).  Thus, the current 

study investigated PNS and SNS reactivity across ecologically valid social and cognitive 

tasks. 

While the institutional environment is likely involved in the development of 

regulatory biological systems, the post-adoption environment may also have an 

ameliorative impact, though little is known regarding the specific components of post-

adoption parenting that may contribute to bio-behavioral regulation.  One component of 

parenting shown in the literature to contribute to children’s emotional, behavioral, and 

physiological regulation is emotion socialization practices (Eisenberg, Cumberland, & 

Spinrad, 1998; Hastings et al., 2008).  This study sought to examine the moderating role 

of current parent emotion socialization practices on the relationship between early socio-

emotional neglect and indices of PNS and SNS functioning by comparing PI children 
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with children adopted from foster care (PFC) and non-adopted (NA) children raised with 

their biological families.  This study also investigated how PNS and SNS functioning and 

emotion socialization practices contributed to externalizing behavior in post-

institutionalized children.  

Externalizing Behaviors in Post-Institutionalized Children 

A developmental psychopathology perspective underscores the importance of 

viewing abnormal behaviors as being extreme manifestations of adaptive behaviors 

(Cicchetti & Richters, 2003).  In typically-developing samples, externalizing behaviors in 

the toddler years such as noncompliance, aggression toward peers and siblings, difficulty 

controlling anger, and poor impulse control are common complaints of parents (Koot, 

Van Den Oord, Verhulst, & Boomsma, 1997).  These behaviors likely represent toddlers’ 

efforts to establish autonomy, test limits, and practice social skills. For the most part, 

externalizing behaviors tend to be more prevalent in the younger years and show a 

decreasing developmental trajectory to late adolescence (Bongers, Koot, van der Ende, & 

Verhulst, 2004).  More serious externalizing behavior problems are characterized by high 

frequency and severe behaviors that impact several domains of functioning and are 

evident across different people and contexts.  Some children appear to develop 

externalizing problems early and these behaviors persist over the life course and may 

worsen over time (Aguilar, Sroufe, Egeland, & Carlson, 2000; Moffitt, Caspi, Dickson, 

Silva, & Stanton, 1996).  It has been suggested that among many factors (i.e., 

temperament, genetic predisposition), psychosocial adversity and poor parenting may 

contribute to these early emerging and pervasive behavioral problems (Aguilar et al., 

2000; Moffitt et al., 1996).  In contrast, a late-onset course has also been identified in 
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which externalizing behavior problems do not emerge until adolescence (Moffitt et al., 

1996) and this later onset of problems has been associated with concurrent life stress 

(Aguilar et al., 2000).  The age at which externalizing behaviors are first noted in children 

from institutional care is often unknown, mostly because adoptive parents are given very 

little information about their child's pre-adoptive development.  Post-adoption, several 

studies have found that externalizing behaviors are problematic; however, a consistent 

developmental trajectory has not emerged.  

After they move into stable families, many PI children exhibit behavior regulation 

within the normal limits but some studies have found higher than typical rates of 

externalizing behaviors, with base rates for severe clinical-level externalizing problems 

that are present years after adoption being higher than expected (Ames, 1997; Groza et 

al., 1999; Hoksbergen, Rijk, van Dijkum, & ter Laak, 2004; Stams, Juffer, Rispens, & 

Hoksbergen, 2000; Tan & Marfo, 2006; Verhulst, Althaus, & Versluis-den Bieman, 

1990a, b, c; Verhulst, Althaus, Versluis-den Bieman, 1992; Wiik et al., 2011).  In one 

study, very young recently adopted PI children did not show greater externalizing 

behaviors until they were followed up several years later, whereby conduct problems 

became evident 3 to 8 years post-adoption (Fisher, Ames, Chisholm, & Savoie, 1997; 

Maclean, 2003).  In a meta-analysis, authors concluded that externalizing behaviors could 

be detected in PI children as early as 5 years of age (Hawk & McCall, 2010) and appear 

to increase with age rather than decrease (Le Mare, Audet, & Kurynik, 2007), suggestive 

of an early-onset trajectory.  Inconsistent results have emerged with some longitudinal 

studies finding no effects of time on conduct disorders (Sonuga-Barke, Schlotz, & 

Kreppner, 2010) and other studies finding that externalizing behaviors may increase from 
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early to late adolescence (Verhulst, 2000; Verhulst & Versluis-den Bieman, 1995).  Thus, 

developmental trajectories of externalizing behaviors are not clear.  It is notable that 

some PI children have shown clinical-levels of externalizing behaviors in middle 

childhood that appear to increase with age, suggesting that institutionalization is related 

to profound and enduring deficits in behavior regulation. However, some studies have 

documented no association between externalizing behaviors and institutional care 

(Cederblad, Hook, Irhammar, & Mercke, 1999; Goldney, Donald, Sawyer, Kosky, & 

Priest, 1996; Groza & Ryan, 2002), leading some to argue that while institutional care 

may be associated with problems in some areas such as attachment and 

inattention/hyperactivity, it is most likely not associated with externalizing-type disorders 

specifically (Kreppner, O’Connor, & Rutter, 2001; Rutter, Kreppner, O’Connor, 2001). 

The wide range of externalizing behavior seen suggests a probabilistic rather than 

deterministic influence of early deprivation.   

It has been suggested that other factors related to institutionalization and 

international adoption such as age at adoption and early adverse experiences may help to 

explain why some PI children appear vulnerable to developing externalizing behaviors 

while others do not. Being older at adoption has been associated with increased rates of 

externalizing problems in PI children (Gunnar & van Dulmen, 2007; Hoksbergen et al., 

2004; Merz & McCall, 2010; Verhulst et al., 1990b).  Notably, the range of distribution 

of age at adoption is often limited, with various dichotomies being made as young as 6 

months (Marcovitch et al., 1997) and as old as 24 months (Gunnar & van Dulmen, 2007).  

Marcovitch and colleagues (1997) found more total problems in children adopted after 6 

months of age (range: 6 – 48 months) compared to PI children adopted before 6 months, 
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though a specific preponderance of externalizing behaviors was not seen.  In contrast, 

when children were 11-years-old, Colvert and colleagues (2008) found elevated rates of 

disruptive behaviors in PI children adopted after 6 months of age from severe globally 

depriving Romanian institutions, compared to children adopted before 6 months. 

Investigating children of various ages ranging from 4 to 17 years old, others have found 

elevated rates of externalizing behaviors in children adopted after 24 months compared to 

children adopted before 24 months (Gunnar & van Dulmen, 2007; Hoksbergen et al., 

2004).  Merz and McCall (2010) found higher rates of externalizing problems in 6 to 18-

year-old PI children adopted later than 18 months compared to children adopted before 

18 months.  Taken together, these findings are in line with developmental theory, which 

posits that problematic parent-child relationships that span past a sensitive period are 

associated with later maladjustment (Bowlby, 1982), though there is still controversy on 

how long this sensitive window extends.  In contrast, some studies have found no 

relationship between age at adoption and externalizing problems (Marcovitch et al., 1997; 

Groza, 1999).  

Because age at adoption and duration of time in the institution often correlate at 

0.7 or above, age at adoption serves as a proxy for duration of exposure to the 

institutional environment.  Later age at adoption, thus, confers certain risks, the specifics 

of which are difficult to disentangle and may help to explain some of the inconsistencies 

found for the relationship between age at adoption and externalizing behavior.  The 

behavioral problems associated with older age at adoption may be related to a child’s pre-

existing health or mental health problems or to the additional challenges in adapting to 

their new environment.  Researchers often find positive associations between age at 
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adoption and greater exposure to preadoption care risk such as abuse and neglect, leading 

some to suggest that the relationship between age at adoption and maladjustment 

following adoption may be more of a function of greater exposure to early adverse 

experiences (Verhulst et al., 1992).  Indeed, a meta-analysis of studies of internationally 

adopted children reported higher scores on externalizing behavior for children adopted 

internationally from adverse backgrounds relative to internationally adopted children 

from less adverse preadoption care, while age at adoption was not a risk factor (Juffer & 

van IJzendoorn, 2005).  Though important, it can be near impossible to separate the 

effects of age at adoption from those of early adverse care (Verhulst et al., 1992).  

Additionally, adoptive parents often know very little about the exact nature and timing of 

adverse experiences endured by the child, and their report of early adversity may be 

subject to bias by the current presentation of their child’s behavior or to misinformation 

from official records or adoption agencies.    

There is evidence to suggest that externalizing problems may not be specific to 

institutional care history, but to other more general factors associated with being an 

internationally-adopted child such as genetic factors, malnutrition and maternal stress 

during pregnancy, prenatal exposure to substances, disruptions in care, and mental health 

problems among parents who relinquish or abandon their children (Johnson, 2000).  To 

isolate the effects of institutional care, researchers have been challenged to find 

appropriate comparison groups to control for these factors.  One type of population that 

has been used is children internationally-adopted post-foster care (PFC) with little-to-no 

history of institutional care.  Compared to PI children, PFC children are typically adopted 

at younger ages making it difficult to answer questions regarding timing and the impact 
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of international adoption because age at adoption is confounded with group status. 

However, the PFC group still shows considerable variation with age at adoption ranging 

typically from 1 to 12 months.  Though information regarding early care history is 

limited for this group, one study of children living in foster care within South Korea 

found that these children experienced stable foster care homes with excellent medical 

care, nutrition, and individualized care from trained parents (Kim, 1995).  However, little 

is known regarding quality of care in other countries utilizing foster care that are open to 

international adoption such as Colombia and Guatemala.  Several studies have 

documented similar rates of problems seen in children adopted from foster care and 

institutional settings (i.e., Gunnar & van Dulmen, 2007). For example, Wiik and 

colleagues (2011) found elevated rates of parent- and child-reported externalizing 

behaviors in 8- to 11-year-old children adopted from institutions (adopted between 12 

and 50 months) and adopted from foster care (adopted at less than 8 months), compared 

to children born and raised in their biological family in the US and of similar socio-

economic status to the other groups.  This finding suggests that it is not just institutional 

care per se, but the overall impact of early adversity that may persist into middle 

childhood.   

The lack in consensus regarding when externalizing problems emerge and their 

severity may be due to several factors including the types of questionnaires being used.  

Questionnaires used in past studies, such as the Child Behavior Checklist have focused 

on clinical levels of externalizing problems, potentially missing opportunities to detect 

lower-level problems in middle childhood before they materialize into more serious 

problems in adolescence.  Indeed, when less extreme levels of externalizing behaviors 
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were investigated using instruments such as the MacArthur Health and Behavior 

Questionnaire, younger internationally-adopted children did evidence elevated rates of 

problems (Wiik et al., 2011).  Once PI children enter adolescence and the social and 

emotional pressures increase, studies find that some evidence higher clinical levels of 

conduct, delinquency, and externalizing problems than non-adopted adolescents and 

younger adopted PI children (Verhulst, 1990a).  Overall, this body of evidence indicates 

that it would be beneficial to use assessment methods that might capture emergent 

problems in PI children and that middle-childhood may be an important age range to 

target for early identification of children who require additional support before they reach 

adolescence.  

The past 25 years has seen an influx of international adoptions stimulating 

investigations into the behavioral outcomes of children with early experiences of 

adversity.  Overall, this body of work suggests that early adversity, in the form of 

institutionalization taking place for longer than, at the minimum 6 months, may result in 

elevated levels of externalizing behaviors.  Though inconsistent, both early- and late-

onset trajectories of externalizing behavior have been noted.  Furthermore, other forms of 

early adversity, such as abandonment and placement in foster care, may also result in 

elevated problem behaviors.  Externalizing behaviors are likely to be positively 

associated with age at adoption and exposure to adverse care. Taking these factors into 

account, this study examined externalizing behavior in children adopted from 

institutional care between 9 and 54 months of age when they were 8 to 9 years of age, a 

developmental window during which these behaviors may become more problematic.  PI 

children were compared to non-adopted children and children adopted from foster care to 
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examine whether behaviors were due to early deprivation or other factors related to 

adoption.  Externalizing behaviors were also examined relative to age at adoption and 

early care risk for all adopted children.  As commented by Gunnar (2010, pp. 243), “We 

are never going to understand the impact of early deprivation if we continue to ask if it 

produces an increased risk of internalizing and externalizing disorders.”  To address this 

call, this study also examined physiological indices of regulated emotion and parent 

emotion socialization practices post-adoption to investigate their respective contributions 

to the emergence of externalizing behaviors.  

Physiological substrates of emotion regulation 

 Understanding externalizing behaviors from a developmental psychopathology 

perspective requires examining how interactions at multiple levels (e.g., biological, 

behavioral, and social-contextual) contribute to adaptation and maladaptation.  There are 

a number of physiological systems that influence emotional reactivity and regulation; 

these interact with behavioral and social constituents of emotion regulation across 

development.  The working model of early life stress that helped to conceptualize this 

study is pictured in Figure 1 (reviewed in Loman & Gunnar, 2010).  This model argues 

that caregiving experiences early in life regulate the activity of stress-sensitive systems, 

which in turn influence the development of systems involved in rapid appraisal and 

response to threat.  This model proposes that experiences which threaten the child’s 

capacity to form a relationship with a consistent, responsive, and caring adult result in 

chronic stress to the infant, and bias stress systems toward larger and faster defense 

responses (fight/flight/freeze) in order to cope. This overactivity of stress- and threat- 

systems may impact prefrontal and cortico-limbic regulatory systems, thereby increasing 
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the risk for emotion-regulatory problems. The neural systems that orchestrate autonomic 

rapid defense responses are expected to be plastic during early childhood (Porges & 

Furman, 2011).  If the quality of caregiving improves, stress- and threat- systems have 

the potential to re-organize in order to become less reactive and more modulated.  

However, children exposed to particularly severe and prolonged inadequate nurturance 

may be less capable of reorganizing with improved care and this, in turn, may make it 

difficult for caregivers to sustain appropriate responsiveness to the child’s needs.  While 

this model may apply to most children (and to most developing mammals), vulnerability 

to early adverse care and recovery in response to improved care are expected to be 

influenced by the child’s genetic vulnerabilities.  

A growing body of literature has documented associations between institutional 

rearing and altered neurobiological functioning of systems underlying emotional and 

behavioral regulation.  Given that the autonomic nervous system is involved in emotion 

regulation and social communication and may contribute to externalizing behavior, there 

is surprisingly little known about PNS and SNS functioning in PI children.  The 

following sections describe how these two branches of the ANS are related to socio-

emotional functioning and regulation, as well as the research describing their plasticity in 

early childhood.  Understanding the mechanisms linking early experience to 

physiological functioning is critical to elucidate how externalizing behavior unfolds. 

The parasympathetic nervous system. The parasympathetic nervous system 

(PNS) has effects that are associated with growth and restorative processes in the body. 

Through innervation of internal organs via mainly cholinergic fibers, the PNS promotes 

vegetative functions and reduces physiological arousal.  Parasympathetic neurons begin 
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in the brainstem and spinal cord.  Of specific interest to this study is the 10th cranial 

nerve, also called the vagus nerve, originating in the brainstem and reaching down to the 

viscera of the abdomen, touching the heart and major organs along the way.  Eighty to 

90% of fibers of the vagus nerve are responsible for sending information back-and-forth 

between the viscera and the brain.  Parasympathetic innervation of the heart is provided 

by the vagus nerve.  Vagal tone serves as an index of PNS functioning and can be 

partially estimated from respiratory sinus arrhythmia (RSA), or the ebbing and flowing of 

heart rate during the respiratory cycle. RSA results from increases in vagus nerve activity 

during exhalation, which decelerates heart rate, and decreases in vagus nerve activity 

during inhalation, which allows an acceleration in heart rate.  Tonic RSA refers to 

baseline vagal tone functioning at rest and RSA reactivity refers to changes in vagal tone 

from baseline to challenge conditions. Greater PNS reactivity is characterized by greater 

decreases in RSA, which permits a faster heart rate and allows an increase in sympathetic 

nervous system input to the heart. Low PNS reactivity is characterized by lower 

decreases in RSA, which slows heart rate and counteracts SNS input.  

The PNS plays a role in promoting sustained attention, self-regulation, and social 

engagement (Porges, 1995, 2001, 2007).  Polyvagal Theory has been proposed to help 

understand the role of the PNS under conditions of safety and threat.  This theory 

proposes that those portions of the vagus nerve which are myelinated and originate in the 

nucleus ambiguous (termed smart vagus) are recent evolutionary developments whose 

functions contribute to social affiliative behaviors and emotion regulation (Doussard –

Roosevelt & Porges, 1999; Porges, 2007).  Morphological studies indicate that 

myelination of vagal fibers from the NA to the sinoatrial node begins during the 3rd 
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trimester of prenatal development and continues until adolescence with the greatest 

increase occurring between 32 weeks gestation until 6 months postpartum (as cited in 

Porges & Furman, 2011).  Polyvagal theory posits that the linkage between neural 

regulation of the heart via the smart vagus and the visceral efferent pathways that regulate 

the muscles of the face, head, and neck forms an integrated ‘Social Engagement System’ 

(Porges & Furman, 2011).  The Social Engagement System includes regulation of the 

eyelids (e.g., for social gaze), muscles of facial expression (e.g., emotional expression), 

middle ear muscles (e.g., for extracting human voice from background sounds), laryngeal 

and pharyngeal muscles (e.g., vocalizing, breathing), and muscles of turning the head and 

neck (e.g., to socially orient).  Together, the coordination of these muscles allows the 

infant to filter social stimuli and control motor movement necessary for social 

engagement.  When the inhibitory action of the vagus is withdrawn, this provides a 

physiological state that promotes engagement with the environment.  Resting vagal tone 

has been generally viewed as the individual’s ability to maintain homeostasis and 

autonomic flexibility to generate adequate responses to environmental demands.   

The sympathetic nervous system.  The SNS is constantly active at a basic level 

to promote homeostasis, and its main function is to support mobilization.  From the locus 

coeruleus, the SNS can follow two routes: a direct pathway via mainly noradrenergic 

innervation of visceral organs, and a slower hormonal pathway via innervation of the 

adrenal medulla (reviewed in Gunnar & Vazquez, 2006).  Under challenging 

circumstances, SNS activation triggers rapid physiological (e.g., increased heart rate and 

sweat) and behavioral reactions associated with arousal, fight, freeze, and flight.   
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There are various ways to measure SNS functioning. Pre-ejection period (PEP) 

has been used as a cardiac measure of SNS activity: shorter PEP intervals index high 

SNS reactivity, which are correlated with a faster heart rate and increased cardiac output, 

and longer PEP intervals reflect low SNS reactivity, a slower heart rate, and less cardiac 

output. The present study utilized a measure of skin conductance, which refers to 

electrodermal activity caused by the activity of sweat glands.  Electrodermal recording 

requires the passage of an electrical current through the skin and measures skin 

conductance relative to skin resistance. Greater SNS activity associated with more sweat 

gland activity increases moisture in the skin allowing greater skin conductance.  Skin 

conductance was measured on the fingers, a site known to be associated with “emotional 

sweating” or increased sweat gland activity as a function 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 emotion regulation and these regions are 

described as being part of a Central Autonomic Network (CAN; Thayer & Lane, 2000).  

The brain regions associated with PNS activity include the medial and orbital regions of 

prefrontal cortex, anterior cingulate cortex, amygdala and extended amygdala (e.g., bed 

nucleus of the stria terminalis [BNST]), hippocampus, and cerebellum (Thayer, Åhs, 

Fredrikson, Sollers, & Wagner, 2012).  Output from brain structures in the CAN travel to 

the sino-atrial node of the heart via SNS and PNS neurons of the stellate ganglia and 

vagus nerve (Thayer, Hansen, Saus-Rose, & Johnsen, 2009).  Thus, there are direct paths 

from the prefrontal cortex to the heart.  As reviewed extensively by Boucsein (2012), 

sweat secretion is governed by the central nervous system, particularly the 
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paraventricular and posterior nuclei of the hypothalamus. Hypothalamic sympathetic 

sweat gland activity can be elicited or modified by higher-level cerebral structures.  The 

limbic system plays a major role in emotional sweating, particularly the amygdala and 

hippocampus.  Cortical limbic and extralimbic structures have also been found to 

influence sweat gland activity. The ventromedial prefrontal cortex has been implicated in 

eliciting sweat gland activity, particularly during restful, mentally alert states (Raichle et 

al., 2001) as opposed to orienting and defense responses likely elicited by amygdalar 

activity (Williams et al., 2001) and behavioral inhibition likely elicited by the 

hippocampus (Gray, 1982).  There is also evidence to suggest cerebral influences on 

sweat gland activity from the basal ganglia and premotor cortical regions outside of 

cortical areas related to the limbic system (Boucsein, 2012). 

 The CAN and institutional rearing.  PI children have been found to exhibit 

metabolic and connectivity deficits in areas of the brain involved in RSA and sweat gland 

activity, such as reduced brain metabolism in selected regions of the prefrontal cortex and 

temporal lobe – areas implicated in emotion regulation and inhibitory control (Chugani et 

al., 2001), diminished white matter connectivity in the uncinate fasciculus – a region 

involved in communication between brain areas associated with emotional function 

(Eluvanthingal et al., 2006), and reduced white matter between the PFC and amygdala 

(Govindan, Behen, Helder, Makki, & Chugani, 2010).  Relative to non-adopted children, 

those experiencing institutional care have shown differential power distributions in lower 

power frequencies suggestive of delayed brain maturation (Marshall, Fox, & the BEIP, 

2004; Tarullo, Garvin, & Gunnar, 2011) and reduced amplitude of several event-related 

potential (ERP) components, suggesting cortical hypoactivation (Moulson, Fox, Zeanah, 
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& Nelson, 2009; Moulson, Westerlund, Fox, Zeanah, & Nelson, 2009).  PI children have 

also evidenced neuroanatomical changes in the size of the amygdala – a key structure 

sensitive to stressful experiences during childhood (Mehta et al., 2009; Tottenham et al., 

2010).   

The neurobiology underlying the ANS and those involved in the hypothalamic-

pituitary-adrenal (HPA) axis are tightly functionally integrated and cross-regulated; both 

are centrally controlled by limbic structures, with the amygdala playing a crucial role.  In 

the prolonged absence of species-typical caregiving, alterations in HPA axis functioning 

have been noted.  Several studies have found that children exposed to disrupted 

caregiving, such as maltreatment and neglect, show chronically high or low levels of 

cortisol (Bruce, Fisher, Pears, & Levine, 2009; Carlson & Earls, 1997; Dozier et al., 

2006; Gunnar & Vazquez, 2001; Kertes et al., 2008; Kroupina et al., 2012).  Disrupted 

patterns of cortisol may be a sign of impaired physiological functioning of numerous 

systems including the autonomic nervous system. 

Institutional care has also been associated with altered neurochemical production 

of oxytocin and arginine vasopressin (Wismer Fries, Ziegler, Kurian, Jacoris, & Pollak, 

2005).  These hormones have been implicated in affiliative and positive social behaviors 

to promote bonding (Young & Wang, 2004) and have been found to influence ANS 

functioning (Bales & Perkeybile, 2012).  Thus, altered neurochemicals seen in PI 

children suggests that they might also show disrupted ANS functioning.  

As proposed by the early life stress model and supported by research in animals 

and humans, early childhood represents a time during which biological systems are 

plastic.  Early experience has a profound impact on neural systems that underlie ANS 
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functioning. This is evident in the research of the effects of institutional rearing on brain 

regions associated with the CAN, which has documented reduced or altered metabolic, 

physiological, and neurochemical activity, as well as altered size of areas of the amygdala 

and compromised white-matter tracts suggestive of connectivity problems.  This altered 

neurobiology may result in disrupted ANS functioning and increase risk for emotionally-

driven behavior problems.  

The Autonomic Nervous System and Relations with Externalizing Behavior 

 This section will first describe the research linking autonomic nervous system 

functioning with emotion regulation and social communication.  For externalizing 

behaviors specifically, inconsistent findings have suggested that there may not be one 

overall pattern of ANS functioning which characterizes externalizing behavior problems.  

Other factors, such as the caregiving context, may help us to reconcile some of these 

inconsistencies found in the literature.  Thus, subsequent sections will describe how the 

caregiving environment (first typical, then atypical) may impact ANS functioning, 

putting individuals at risk for developing externalizing behavior problems. 

The ANS and emotion regulation.  In the infant literature, higher vagal tone and 

greater vagal regulation to challenge have been associated with better behavioral state 

regulation required to facilitate social engagement, such as greater attention span, self-

soothability, and more potential to react to the environment with an appropriate response 

(Calkins, Graziano, & Keane, 2007; DiGangi, DiPietro, Porges, & Greenspan, 1991; 

Porges, 1995).  In older children, better vagal regulation has been associated with 

appropriate emotion regulation in preschool (Calkins & Keane, 2004), sustained attention 

(Suess, Porges, & Plude, 1994), and expressions of empathy toward others in distress 
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(Fabes, Eisenberg, & Eisenbud, 1993).  In contrast, low vagal tone and attenuated 

response to challenge is proposed to more easily permit engagement of the SNS, a 

metabolically costly strategy that may have more negative effects on major organs.  

Research indicates inconsistent associations between PNS and SNS functioning 

and externalizing behavior.  Low resting RSA has been noted in children and adolescents 

with clinical levels of externalizing behavior problems (Beauchaine, 2001, Beauchaine, 

Gatzke-Kopp, & Mead, 2007).  In terms of RSA reactivity, decreased reactivity to 

challenge has been noted in children with sub-clinical externalizing behavior (Calkins, 

Blandon, Williforn, & Keane, 2007) and clinical levels of disruptive behaviors (Degnan, 

Calkins, Keane, & Hill-Soderlund, 2008).  Though most researchers tend to view greater 

vagal tone and greater vagal withdrawal during challenge as associated with more 

adaptive outcomes, contradictory evidence has found that these are associated with 

negative outcomes. For example, greater baseline RSA has been associated with greater 

levels of externalizing problems (Calkins et al., 2007; Dietrich et al., 2007). High RSA 

reactivity during a challenge has been associated with externalizing symptoms in middle 

childhood to early adolescence (Boyce et al., 2001; Calkins & Dedmon, 2000; Crowell et 

al., 2006).  In terms of SNS functioning and externalizing behavior, the results are also 

inconsistent.  For example, in subclinical samples of children, high SNS activity has been 

associated with reactive aggression (Hubbard et al., 2002).  Findings have also emerged 

showing that excessively low SNS activity is associated with greater clinical and 

subclinical levels of conduct problems, antisocial behavior, and callous-unemotional 

traits (Beauchaine et al., 2007; Crowell et al., 2006; Herpertz et al., 2003; Lorber, 2004).   
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As of yet, it has been challenging for researchers to find consistent associations 

between ANS functioning and externalizing behavior. As both excessively high and 

excessively low PNS/SNS at rest and in response to challenge appears to confer some 

risk for negative outcomes, some researchers propose that ANS functioning which is 

moderate is the most adaptive, as it reflects adaptive coping skills. Unfortunately, there 

are no established absolute thresholds for what constitutes high or low ANS functioning 

across developmental periods. One likely explanation for the inconsistent findings 

reported in this section is that individual differences in risk for externalizing behaviors 

may result from interactions between multiple systems that support maladaptation in 

certain contexts.  Thus, it has become crucial to investigate how variations in the 

caregiving context may impact ANS functioning and increase the risk for developing 

externalizing behavior problems in children who have experienced 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 on children’s autonomic nervous system.  

However, in order to understand how the ANS develops over time in children exposed to 

adversity, it is first necessary to explore the way in which normal variations in care are 

related to indices of ANS functioning.   

There is strong evidence to support the argument that subtle variations in parent 

behaviors within the first year of life contribute to the development of vagal tone 

regulation.  Models of bio-behavioral synchrony highlight the importance of micro-

regulatory patterns in infant-parent relationships.  Caregiving that is sensitive, responsive, 

and consistent helps to shape adaptive vagal functioning, facilitating infant self-
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regulation and social engagement skills.  Research on bio-behavioral synchrony suggests 

that mother and infant physiology are interrelated and coordinated by moment-to-moment 

behaviors within the attachment relationship (reviewed in Feldman, 2012).  Examining 

micro-level interactions has shown that mother and infant RSA is interrelated with tighter 

heart rate and RSA coupling occurring when the dyads engage in touch, gaze, affect, or 

vocal synchrony (Feldman, Singer, & Zagoory, 2010; Feldman, Magori-Cohen, Galili, 

Singer, & Louzoun, 2011; Moshe & Feldman, 2006).  This behavioral ‘matching’, while 

providing important external regulation and social experiences for the infant, may also 

help organize the infant’s immature physiological functioning (Feldman, 2012). 

Interactive synchrony is also related to higher baseline RSA (Porter, 2003) and higher 

RSA withdrawal to challenge (Moore & Calkins, 2004).  More general processes of 

typical parenting within the first year, such as overall sensitivity, responsiveness, and 

warmth, have been associated with greater RSA withdrawal (Moore, 2009) and even 

more long-term development of the ANS (Propper et al., 2008).  

From 12 months to five years of age, researchers have not consistently found 

significant relationships between typical parenting behaviors and ANS functioning.  

Calkins, Graziano, Berdan, Keane, and Degnan (2008) found that mothers’ hostility and 

less positive and responsive behavior was related to attenuated RSA reactivity in 2-year-

olds and that mother-child relationship quality predicted the degree of RSA regulation at 

5 years of age.  While some evidence suggests that the effects of early relationships on 

physiology may persist into early childhood, others have not found significant 

associations between parenting behaviors and physiology (Kennedy, Rubin, Hastings, 
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Maisel, 2004; Perlman, Camras, & Pelphrey, 2008) or have found minimal associations 

(Hastings & De, 2008). 

This body of work on low-risk samples suggests that the effects of normative 

parenting behaviors on the ANS may be most pronounced within the first year of life, 

when the parent-child relationship may exert more impact on the biological growth and 

maturation of physiological systems during sensitive periods of vagal myelination 

(Porges & Furman, 2011).  However, the impact of normal variations in parenting on 

ANS development beyond 12 months remains unclear.  Many institutionally reared 

children are typically adopted after 12 months calling into question how the experience of 

socio-emotional neglect impacts ANS development and whether these effects are short-

term or more lasting.  Additionally, if plasticity of the ANS gradually decreases after 12 

months, what impact would post-adoption parenting have on the ANS?  

Risk for adverse care and the ANS.  Animal studies suggest that acute stressors, 

long-term social/maternal separation, and disrupted maternal caregiving produce 

alterations in autonomic functioning (Loria, Brands, Pollock, & Pollock, 2013; Trombini 

et al., 2012).  However, whether we would expect increased or decreased PNS and SNS 

functioning is not clear and appears to depend on many factors including timing and 

duration of the stressor and individual differences in levels of aggression, depression, and 

anxiety. Adult rats exposed to repeated foot shocks have been found to exhibit increased 

SNS tone and relatively persistent long-term increases in vagal tone, even after the 

stressor has been removed (Carnevali et al., 2011).  The heightened vagal tone, termed 

“enduring vagal rebound” suggests an adaptive response to overcome the sympathetic 

overdrive following exposure to stress (Mezzacappa, Kelsey, Katkin, & Sloan, 2001).  
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However, if the stress is severe or chronic, this may result in a maladaptive phase of low 

vagal tone regulation and either sympathetic dominance or under-arousal.  For example, 

rat pups exposed to chronic maternal separation have shown increased SNS tone (Loria, 

Brands, Pollock, & Pollock, 2013).  Examining more long-term effects of early maternal 

separation, Trombini and colleagues (2012) found that adult rats that had experienced 

early maternal separation also evidenced increased SNS tone to a stressor.  Interestingly, 

these adult rats did not show increased vagal tone following exposure to the stressor, 

suggesting a lack of the enduring vagal rebound phenomenon noted in the Carnevali et al. 

study.  In other mammals, chronic stress has also shown reduced vagal tone and increased 

SNS tone.  For example, in adult prairie voles, long-term isolation from siblings or 

opposite-sex partners induced 24-hour decreases in vagal tone, increases in sympathetic 

tone to the heart, and depressive-like behaviors compared to non-isolated voles (Grippo, 

Lamb, Carter, Porges, 2007a, b; Grippo et al., 2011; Grippo, Trahanas, Zimmerman, 

Porges, & Carter, 2009).  Not all studies have found increased SNS tone following stress. 

For instance, in rat models of aggression, adult rats bred for highly aggressive traits were 

seen to exhibit lower vagal tone and reduced vagal withdrawal to stress than non-

aggressive rats; however heart rates were comparable between the two groups suggesting 

lowered sympathetic input in the aggressive group (Carnevali et al., 2013).  Thus, it 

appears that chronic or severe stress, particularly occurring early in life, may result in 

reduced vagal tone and either high or low sympathetic tone.   

In children, exposure to early life stress has been associated with alterations in 

PNS and SNS functioning; however, like the animal work, the direction of effects has 

been inconsistent.  Longitudinal studies suggest that children exposed to low-level 
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chronic stressors and risk for stress (e.g., maternal depression) and more severe 

maltreatment (e.g., exposure to domestic violence) have not shown the normative 

increase in baseline RSA from infancy to childhood (Field, Pickens, Fox, & Nawrocki, 

1995; Rigterink, Katz, & Hessler, 2010).  Children exposed to marital conflict and foster 

care have been found to show lower basal RSA and attenuated RSA withdrawal to stress 

(Moore, 2010; Oosterman & Schuengel, 2007; Porter, Wouden-Miller, Silva, & Porter, 

2003). Past early childhood and into adolescence, the association between adversity and 

poor vagal functioning appears to continue.  Miskovic and colleagues (2009) found that 

female maltreated adolescents exhibited lower baseline RSA compared with their non-

maltreated peers and these effects persisted over a period of 6 months.  Not all studies 

have found at-risk caregiving to be related to lower vagal tone.  Burgess, Marshall, 

Rubin, and Fox (2003) found that poor quality attachment status in infancy predicted 

higher basal RSA in preschool. Despite the inconsistencies regarding the direction of 

vagal tone, these studies provide evidence to support the notion that poor quality and 

adverse caregiving may impact long-term physiological functioning.  

Only one study has published findings on indices of PNS and SNS activity in PI 

children.  Gunnar and colleagues (2009) examined PEP and RSA at baseline and 

throughout a public-speaking protocol in 10- to 12-year-olds.  They found that PI 

children adopted between 12 and 64 months exhibited lower PEP compared to non-

adopted children and children adopted early from foster care. The heightened SNS tone 

seen in this study parallels other findings showing higher SNS activity in children 

exposed to maltreatment (DeBellis et al., 1999; Pollak et al., 2005; Saltzman et al., 2005).  

Surprisingly, no group differences were found in RSA.  The Gunnar et al. study did not 
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examine PNS/SNS associations with problem behavior, leaving open the question as to 

whether the heightened SNS tone might have contributed to maladjustment.  

Risk for adverse care, ANS functioning, and behavior regulation. Research on 

the relation between indices of PNS and SNS functioning and externalizing behavior in 

children exposed to risk for adversity has not found consistent associations. For RSA, the 

research is unclear as to whether we would expect risk for adversity to be related to 

higher or lower RSA and SNS functioning, and like the animal literature, appears to 

depend on many factors including quality, timing, and severity of the exposure to risk, 

the developmental period assessed, and the temperament of the child (e.g., approach 

versus withdraw). In the toddler period, children exposed to high parental aggression that 

reacted with greater levels of dysregulated anger and hostility in response to the 

aggression exhibited higher basal RSA (Davies, Sturge-Apple, Cicchetti, Manning, & 

Zale, 2009).  In the preschool period, studies have noted associations between attenuated 

RSA withdrawal to challenge, exposure to risk, and externalizing behavior.  For example, 

children raised in the highest levels of domestic violence showed RSA augmentation to a 

peer provocation challenge (Katz, 2007).  Vagal augmentation during the challenge was 

also associated with elevated conduct-related problems in those children exposed to the 

highest levels of domestic violence.  Katz (2007) interpreted the vagal augmentation as 

being potentially indicative of increased attentiveness to threat within an interpersonal 

context. 

Regarding the impact of exposure to risk for adversity on SNS functioning and 

externalizing behavior, the findings are mixed.  Studies have noted that harsh parenting 

and exposure to marital conflict were associated with low skin conductance reactivity to 
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challenge and greater levels of externalizing behavior, particularly in boys (Beauchaine, 

2001; El-Sheikh, Keller, Erath, 2007; Erath et al., 2009; Erath, El-Sheikh, Hinnant, & 

Cummings, 2011). Indeed, El-Sheikh, Keiley, and Hinnant (2010) found that children 

with delinquent behavior showed gradual decreases in skin conductance across 2 years, 

compared to children with low levels of problem behavior. This raises the possibility that 

perhaps under-arousal associated with exposure to risk for adversity may contribute to 

externalizing behavior.  However, several studies have found the opposite pattern: in the 

context of parental depression and marital conflict, high skin conductance reactivity to 

challenge served as a vulnerability factor for developing externalizing behavior  

(Cummings, El-Sheikh, Korous, & Keller, 2007; El-Sheikh, 2005; El-Sheikh et al., 2007; 

Erath et al., 2011). These findings raise another possibility: perhaps exposure to risk for 

adversity is associated with behavior problems for children with high SNS reactivity 

because they are more sensitive to environmental contingencies. Without knowing how 

both PNS and SNS systems work together to promote homeostasis and adaptive 

responses to environmental demands, it is hard to draw conclusions regarding where risk 

lies for developing externalizing behavior problems. 

A growing number of studies have more recently shown that PNS and SNS 

reactivity measured concurrently can give us a better idea of how these systems interact 

to influence psychopathology. Rather than thinking about SNS and PNS activity as 

transitional blends, Bernston, Cacioppo, and Quigley (1991) have conceptualized the 

joint action of these systems on a flexible 2-dimensional model of autonomic space. This 

model posits that individuals can display either reciprocal or nonreciprocal activation of 

systems. Reciprocal activation is when both branches of the ANS promote the same 
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unidirectional response in a target organ (i.e., high SNS reactivity coupled with low PNS 

inhibition to promote increases in heart rate).  Nonreciprocal activation is when branches 

of the ANS promote opposing actions on target organs leading to very little change from 

baseline functioning (i.e., high SNS reactivity coupled with high vagal regulation to 

challenge).  For studies that examined indices of SNS and PNS concurrently in the 

context of exposure to risk (marital conflict), results have suggested that low skin 

conductance reactivity coupled with attenuated RSA withdrawal to challenge was a risk 

factor for developing externalizing behavior (El-Sheikh et al., 2009).  In another study of 

children exposed to maltreatment, Gordis, Feres, Olezeski, Rabkin, & Trickett (2009) 

found that combinations of low basal RSA coupled with low skin conductance reactivity 

or high basal RSA coupled with high skin conductance reactivity served as risk factors 

for aggressive behavior problems.  Interestingly, both of these patterns would contribute 

to autonomic under-arousal.  Taken together, these findings suggest that opposing PNS 

and SNS activity may result in ambivalent or maladaptive physiological responses to 

stress that do not support an organized active response. In contrast, reciprocal SNS and 

PNS activation may be the more adaptive response strategy that results in coordinated 

and consistent physiological change needed for active coping.  

In summary, animal models suggest that after exposure to stress, there may be an 

initial recovery period during which heightened vagal tone is seen coupled with greater 

SNS tone.  When the stress is chronic, this may result in SNS and PNS coupling that 

would contribute to hyperreactivity or hypoarousal.  In children exposed to various forms 

of risk and adversity, the research has not found a consistent pattern of PNS and SNS 

functioning, though a relatively larger body of research documents decreased basal RSA, 
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reduced RSA withdrawal to challenge, and heightened SNS tone.  However, for children 

who go on to develop externalizing forms of behavior in the midst of suboptimal 

caregiving, there does not appear to be a consistent pattern of ANS functioning. 

Emergent research indicates that reciprocal PNS and SNS functioning which contributes 

to a strong unidirectional net effect may serve as a protective factor from developing 

psychopathology.  Many studies only report on one branch of the ANS and examine 

baseline or reactivity levels.  Furthermore, it is difficult to parse out whether behavior 

problems and individual differences in ANS functioning are a result of early or current 

exposure to risk.  To complicate matters, many studies fail to find direct associations 

between indices of PNS/SNS functioning and risk for adversity.  This lack of associations 

has prompted some to argue that ANS functioning in humans is impacted by the nature of 

the context within which ANS is measured and by the individual’s prior experiences.  

Thus, ANS reactivity to challenge may depend on how the individual perceives the 

challenge, as a threat or as affording positive opportunities for social engagement, and 

this perception likely is rooted in the individual’s history (Hastings et al., 2008; 

Obradović, Bush, & Boyce, 2011). 

Individual Differences in ANS Reactivity to Laboratory Challenges 

It has been suggested that physiological reactivity to laboratory stressors that 

match the emotional valence of stressors that children witness or struggle with in their 

daily lives may have ecologically different significance for adaptive functioning than 

reactivity to stressors with less emotional relevance (Chen, Matthews, Salomon, & Ewart, 

2002; Cummings et al., 2007; El-Sheikh et al., 2007, 2009; Obradović et al., 2011). 

Physiological reactivity may be highly specific to the context and the individual; thus, it 
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is important to attend to the context in which children are raised and the nature of the 

stimuli to which children are responding when reactivity is evoked and measured.  

The current study attempts to take into consideration the unique problems PI 

children face in their everyday lives and how these problems may relate to their reactivity 

to certain types of laboratory stressors. Research has identified that PI children may 

struggle in situations involving negotiating emotional situations in close relationships. PI 

children have been reported to show problems in the following areas: establishing social 

bonds and secure patterns of attachment with primary caregivers and difficulties 

developing close friendships with peers (reviewed in Maclean, 2003), and understanding 

and identifying emotions, particularly concerning negative emotions (Wismer Fries & 

Pollak, 2004), though notably, they have exhibited heightened sensitivity and behavioral 

reactivity to negatively valenced faces (Maheu et al., 2010; Tottenham et al., 2011). 

Furthermore, children with histories of unstable or adverse caregiving may behave in 

ways that push caregivers away rather than seek them out when distressed (Stovall-

McClough & Dozier, 2004). The studies done by Wismer Fries and colleagues suggest 

that close parent-child interactions may induce stress, rather than calm, in PI children.  

They examined neurobiological reactivity to ecologically relevant tasks, such as having 

the adoptive mother tickle and hug the child. Compared to non-adopted children, the PI 

group showed lower overall levels of arginine vasopressin, a hormone involved in 

recognizing familiar individuals and likely involved in forming social bonds (Wismer 

Fries et al., 2005).  Following this social interaction with the mother, PI children failed to 

show greater levels of oxytocin, a hormone involved in producing calming and 

comforting effects to maintain social bonding (Wismer Fries et al., 2005). The PI children 
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actually evidenced higher concentrations of urinary cortisol after physical contact with 

the mother (Wismer Fries et al., 2008).  These studies suggest that social interactions 

with a primary caregiver post-adoption may pose a particular challenge for PI children, 

rather than buffering them against excessive and prolonged neurobiological activation.  

Even during more positive play situations with an experimenter, PI children have shown 

less positive affect than non-adopted children (Stellern, Esposito, Mliner, Pears, & 

Gunnar, 2014).  Thus, compared to non-adopted children, PI children may have a very 

different emotional and physiological experience during negative- and positive-emotion 

evoking situations. The current study investigated the association between caregiving and 

ANS reactivity across different types of ecologically relevant laboratory tasks that mirror 

the contextual challenges these children face in everyday life.  

Post-Adoption Parenting in Internationally-Adopted Children  

 A developmental psychopathology perspective maintains that early experiences 

and current experience both influence children’s functioning (Rutter & Sroufe, 2000).  

Given the rapid cognitive and growth catch-up seen in children following adoption, 

researchers have concluded that the post-adoption environment serves as an intervention 

following severe social-emotional neglect, though little is known regarding specific 

aspects of the environment that contribute to these improvements.  Demographic data on 

adoptive families indicates that compared to non-adoptive families, parents who 

internationally adopt tend to be older in age, married or partnered, and have higher 

income and education levels (Hellersedt et al., 2008).  But these qualities individually do 

not tend to predict child adjustment (Castle, Beckett, Rutter, & Sonuga-Barke, 2010).  

Rather, it appears to be aspects of the environment associated with caregiver stability, 
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consistency, and something harder to measure – the emotional tone of the parent-child 

relationship – that contributes to improvements in both neurobiological functioning and 

socio-emotional adjustment.  

In children exposed to risk for adverse care and adversity such as children in the 

U.S. foster care system and maltreated children, interventions targeted to improve the 

caregiver’s stability, consistency, sensitivity, and responsiveness have shown 

improvements in children’s neurobiological and socio-emotional functioning suggesting 

plasticity of neural systems and potential for recovery (reviewed in Bruce, Gunnar, Pears, 

& Fisher, 2013).  Further evidence linking improvements in care to better social and 

biological functioning has been noted in children who have experienced institutional care.  

The Bucharest Early Intervention Project has been the only randomized control trial 

comparing currently institutionalized Romanian children to a group randomly assigned to 

a high-quality foster care intervention in Bucharest, Romania.  This project has shown 

that compared to children left in institutional care, children placed in foster care showed 

less decreases in total cortical white matter (Sheridan, Fox, Zeanah, McLaughlin, & 

Nelson, 2012) and improvement in neurophysiological functioning (Moulson, Fox, 

Zeanah, & Nelson, 2009; Vanderwert, Marshall, Nelson, Zeanah, & Fox, 2010).  

Additionally, better neural functioning was found to contribute to improved psychosocial 

development (Almas et al., 2012), including less externalizing behavior (McDermott et 

al., 2013).  

Few studies have focused specifically on how improvements in caregiving are 

related to ANS functioning in children exposed to risk.  Studies examining children living 

in foster care within the U.S. have found that longer placements with a single family were 
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associated with greater increases in RSA during the reunion episode of the Strange 

Situation, suggesting better vagal regulation when in the presence of a stable caregiver 

(Oosterman and Schuengel, 2007).  Using the same sample of children, researchers found 

that children in more secure attachment relationships with their foster parent showed less 

PEP reactivity and better vagal regulation throughout the Strange Situation than children 

with disordered attachment (Oosterman et al., 2010).  Authors suggested that the 

experience of a more stable and secure caregiving environment may have shifted the 

stress system towards improved functioning to support social competence and emotion 

regulation.   

Only one study to date has examined parenting practices in children recently 

adopted internationally from institutions and foster care, compared to non-adopted 

children.  Garvin, Tarullo, Van Ryzin, and Gunnar (2012) examined how variation in 

adoptive-parents’ emotional availability was predictive of social-emotional outcomes. 

Overall, parents' emotional availability was high amongst all groups. However, only for 

the PI group was higher emotional availability associated with better socio-emotional 

outcomes. The Garvin et al. study was useful in showing that parents of internationally-

adopted children typically exhibit high levels of emotional availability that is similar to 

non-adoptive parents of high socioeconomic status.  However, it has been suggested that 

parents of adoptive children may have to be even more sensitive than is typical of non-

adoptive children, in order to improve any delays in emotional functioning.  As suggested 

by Maclean (2003), perhaps it takes more than “good enough” parenting to ameliorate 

some of the more lasting effects of early institutionalization.  Exhibiting heightened 

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

There is evidence to suggest that many parents of internationally-adopted children 

are vulnerable to experiencing high parenting stress.  The source of stress is likely due to 

a combination of factors such as receiving little support from mental health professionals 

and family members who lack awareness of the needs of internationally-adopted children, 

parenting a child with special needs or developmental delay, or having a child with high 

levels of emotional and behavioral problems (Judge, 2003; Mainemer, Gilman, & Ames, 

1998; Reynolds & Medina, 2008; Rosenthal & Groze, 1994; Viana & Welsh, 2010).  The 

physical and emotional toll that this stress takes can be high. Qualitative data found that 

many parents neglected self-care, to the point of becoming depressed or sick, in their 

mission to provide exceptional care to compensate for any adversity the child 

experienced in the institution (Reynolds & Medina, 2008).   

Notably, externalizing behavior in PI children was found to correlate with 

parenting stress in several studies (Gagnon-Oosterwaal et al., 2012; Miller, Chan, Tirella, 

& Perrin, 2009).  The negative emotions which can often accompany externalizing 

behaviors, such as raging tantrums and excessive crying, may be difficult for parents to 

cope with, particularly if the child's behavior pushes the parent away or if the parent's 

comforting behavior does not seem to help.  Indeed, research suggests that coping with 

children's negative emotions has shown to be something that adoptive parents struggle 

with.  Many parents have expressed guilt (“Did I cause my child’s distress?”) or pressure 

to be emotionally and physically available for the child at all times (Linville & Lyness, 

2007; Palacios, Roman, Moreno, & Leon, 2009; Reynolds & Medina, 2008).  Reynolds 

and Medina (2008) found that parents reported feeling anxiety when their children 
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displayed strong emotions, not knowing if behaviors were due to institutionalization, or if 

there was something the parent was not doing well enough.   

Parents affect regulation in emotion socialization. Parents serve important roles 

as socializers of their children's emotional development.  Through their behavior, parents 

affect their children's understanding, experience, and expression of emotion.  An aspect 

of emotion socialization is the way in which parents regulate their own distress in 

response to children’s negative emotions. Through bidirectional processes associated 

with modeling and coercion, parents of children with externalizing problems may be 

more likely to respond to their child’s expressions of anger by becoming angry 

themselves (Klimes-Dougan et al., 2007), particularly if they are under a great deal of 

stress. Parents who react with anxiety, anger, or sadness to their children’s displays of 

negative emotion may model dysregulated affect and behavior that could have a negative 

impact on the child.  Studies on normative samples have revealed that responses to 

children’s negative emotions that consist of high parental distress are associated with 

children’s physiological, emotional, and behavioral difficulties (Eisenberg et al., 1991; 

Eisenberg et al., 1999; Eisenberg, Fabes, Carlo, & Karbon, 1992; Eisenberg, Fabes, & 

Murphy, 1996; Gottman & Katz, 2002).  

Little is known how PI children might react to variations in parental distress that 

are within the typical range, though we do know that these children may be more 

sensitive and reactive to negatively valenced stimuli such as angry faces (Tottenham, 

2012).  Studies of domestically adopted children have suggested that poorly regulated 

parent affect may negatively impact the child.   In a study of children adopted within the 

U.S., infants at-risk for developing externalizing behavior problems exhibited increased 
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attention to a frustrating task, but only when they had an adoptive mother high in 

negative affect symptoms (Leve et al., 2010). This finding suggests a complex process by 

which risk interacted with post-adoption affect dysregulation, resulting in an infant who 

reacted with increased attention to negative stimuli. This may lay the foundation for 

noncompliance and high reactivity to frustrating situations, whereby coercive cycles with 

the parent emerge and contribute to externalizing behavior in later development (Shaw et 

al., 1998).  

Parental encouragement of child's emotions. Another type of response parents 

can have to their child’s negative emotions is to encourage their child to express feelings 

(e.g., “it’s okay to cry”) by positively reinforcing the expression of emotion. This form of 

socialization provides the child with information about display rules and allows the child 

to explore their emotions and the events surrounding them.  Parental encouragement of 

emotional expressivity has been found to relate to more constructive coping during real-

life negative emotions (Eisenberg & Fabes, 1994). This form of socialization may serve 

as a protective factor for children with low RSA.  Indeed, Hastings and colleagues (2008) 

found that for children with low baseline RSA, parents' use of reward when children 

expressed sadness or fear was associated with greater social competence. Thus, it would 

be important to explore how parents' encouragement of emotional expressivity in 

response to children’s negative emotions may impact resiliency – at behavioral and 

physiological levels – in PI children.   

Taken together, this body of research suggests that parents of internationally-

adopted children show high quality parenting practices and a strong commitment to 

parenting (Garvin et al., 2012; Reynolds & Medina, 2008).  Even small variations in 
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parenting have shown relations to socio-emotional competence, suggesting a powerful 

role of the post-adoption environment in ameliorating the impact of early life adversity. 

This study sought to examine whether parent encouragement of emotional expression 

would serve as a protective factor for PI children in the domains of externalizing behavior 

and ANS functioning.  Past research has also found that when confronted with difficult 

negative emotions from their child, parents of internationally-adopted children felt 

conflicting emotions of empathy mixed with anxiety, guilt, and stress which may make it 

difficult for them to respond with calm neutrality.  When a parent becomes overwhelmed 

by their own emotions, it can be difficult for them to remain emotionally available to the 

child.  Additionally, the parent’s difficulty remaining calm may magnify the child’s 

negative emotions and contribute to worse behavior.  Given the risk for delays in 

emotional development and altered neurobiological functioning underlying emotion-

regulation documented in PI children, this may make it difficult for them to effectively 

reorganize and respond appropriately to distress cues from their parents.  Thus, this study 

also sought to examine how parent distress impacted externalizing behavior and 

children’s physiological functioning.  

Present Study 
Objectives and Hypotheses 

 
The Early Life Stress model discussed previously suggests that socio-emotional 

neglect, in the form of institutional rearing, has the potential to impact parasympathetic 

and sympathetic nervous systems, shaping them in ways that allow the child to quickly 

detect and respond to threat.  While this programming may help the infant develop 

behavioral and emotion regulation strategies to adapt and survive within the institution, 

these patterns may pose challenges in the post-adoption environment.  How parents 
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respond to their children’s negative emotions – in terms of encouraging emotional 

expressivity and remaining calm in the face of their child’s distress  – may contribute to 

improvements in physiological functioning and reductions in externalizing behavior, 

though perhaps to a lesser extent based on limited plasticity of physiological systems 

post-adoption.  The overarching goal in the present study was to examine constituents of 

emotion regulation competence, specifically, basal and reactivity measures of RSA and 

skin conductance – in post-institutionalized children several years post-adoption and 

address how institutional rearing and parent emotion socialization practices contribute to 

the etiology of these regulatory variables. RSA and skin conductance reactivity were 

measured during three ecologically-valid tasks in order to determine if the magnitude in 

reactivity differed based on the nature of the challenge (emotional versus non-emotional) 

and the child’s history of socio-emotional neglect.  The three tasks were a conflict 

discussion with the parent, a fun conversation with the parent, and a working memory 

cognitive challenge.  As a benchmark for their regulatory competence, PI children were 

examined relative to two comparison groups. The first group was children without a 

history of adoption who were born and raised in families of similar parental educations 

and family income to those who adopt internationally (non-adopted, NA).  To determine 

whether effects were specific to institutional care or more generally addressed children 

with adverse early childhood experience, PI children were also compared to children 

adopted internationally from countries using foster care for wards of the state (post-foster 

care, PFC).  The next objective was to explore correlates of externalizing behavior in PI 

children and determine whether the correlates differed in the comparison groups.  Due to 

competing hypothesis about underlying factors of externalizing problems, contextual and 
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physiological correlates were explored including basal and reactivity levels of RSA and 

skin conductance, as well as parent emotion socialization practices.  Each of the 

hypotheses related to the objectives will now be discussed.  

Parent’s Emotion-Socialization Practices Objective and Hypothesis 

This study sought to examine parent’s emotion socialization practices, specifically 

their distress reactions to children’s negative emotions and encouragement of the 

expression of negative emotions, with the goal being to determine whether differences 

appeared between parents of PI children versus non-adopted children, and whether any 

differences were unique to the PI group or shared among the PI and PFC groups.  It was 

hypothesized that while parents in all groups would encourage emotional expression, 

parents of PI children might show differences in distress reactions due to the literature 

documenting high stress load and heightened sensitivity and attention to emotional 

problems in their children. 

The Influence of Early and Current Experiences on Indices of ANS Functioning: 

Objective and Hypotheses 

The plasticity of the ANS profile was tested by examining whether parent 

emotion socialization practices moderated the relationship between group status and 

physiological functioning (basal levels and reactivity to challenge).   It was hypothesized 

that parental responses to children’s negative emotions characterized as encouraging 

emotional expression would predict better vagal regulation and lower sympathetic input 

for all groups (i.e., higher basal RSA, lower basal skin conductance, stronger RSA 

suppression, less skin conductance augmentation during the challenge tasks), but that the 

impact would be stronger for the PI group.  It was predicted that high parental distress 
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would impact PI children to a greater extent than the comparison groups due to 

heightened sensitivity to threat, and this would be most apparent during the discussion 

tasks with the parent.  No group differences were expected for the cognitive working 

memory task for RSA and skin conductance magnitude in reactivity. Because the 

literature has not consistently documented relations between emotion socialization 

practices and reactivity during cognitive tasks in older children, a hypothesis was not 

given regarding socialization practices as predictors of reactivity during this challenge. 

Associations between physiological variables, age at adoption, and early care risk were 

examined.  

Externalizing Behavior Objective and Hypotheses 

It was hypothesized that group differences would be found on externalizing 

behavior.  Specifically, the PI group would show significantly greater rates of 

externalizing behaviors than the NA group. The preponderance of problematic behaviors 

would be a consequence of early socio-emotional neglect and not due to other factors 

associated with adoption (i.e., disruption in care, prenatal risk).  Associations between 

externalizing behavior, age at adoption, and early care risk will also be examined.   

It was important to elucidate the mechanisms by which some PI children were 

more or less susceptible to developing externalizing problems.  Were risks and protective 

factors apparent, and if so, did they function similarly in the PI group compared to the 

other groups?  This study sought to better understand the roles of the ANS and post-

adoption environment in externalizing behaviors in this group.  To distinguish among 

competing hypotheses about underlying factors, correlates of externalizing behavior were 

explored in the PI group including parent distress, parent encouragement of emotion 
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expressivity, basal RSA and skin conductance, as well as RSA and skin conductance 

reactivity to ecologically-valid challenge tasks.  Significant correlates were also 

examined in the comparison groups to see if they were unique to the PI group or 

applicable to the comparison groups.  

Method 

Participants 

The participants were 98 children between the ages of 8 and 9 years of age at time 

of testing (M = 9.00, SD = 0.62) and met criteria for one of three groups: 1.) Post-

Institutionalized group (PI: n = 38, 21 = female) were internationally adopted, having 

spent at least 75% of their lives prior to adoption in institutional care, (e.g., hospital, 

orphanage, or other type of institutional setting), and at the time of adoption were at least 

9-months-old and no more than 53-months-old, 2.) Post-Foster Care group (PFC: n = 

23, 10 = female) were internationally-adopted, having spent at least 71% of their lives 

prior to adoption in a family-based setting (e.g., foster care or relative care), were never 

institutionalized, and at the time of adoption were no more than 8 months old, 3.) Non-

Adopted group (NA: n = 37, 20 = female) were never institutionalized United States born 

children who had been reared with their biological families.  The PFC and NA groups 

served as comparison groups for the PI children.  The inclusion of the PFC group allowed 

for an investigation of the effects of institutionalization, while controlling for other 

factors relating to being an internationally adopted child (i.e., poor prenatal health care, 

prenatal exposure to substances, mental health problems in biological parents).  The age 

criteria of 9 months or older at adoption was chosen for the PI group because much of the 

literature involving internationally-adopted children suggests that older age at adoption 
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(i.e., greater than 6 months) is associated with higher risk for demonstrating difficulties in 

emotion and behavior regulation (e.g., Colvert et al., 2008).  

Age at testing.  Amongst all children, groups differed in terms of age at time of 

testing, F (2, 95) = 3.63, p < .05 (see Table 3) with a trend for the PI group to be slightly 

older than the NA group (p = .06).  Age at testing was negatively associated with several 

skin conductance variables; thus, this variable was entered as a covariate in analyses 

involving all skin conductance.  

Demographics.  The PI, PFC, and NA groups did not differ based on the 

proportion of males to females, χ2 (2, N = 98) = 0.89, ns. The families of the children in 

the PI, PFC and NA groups were quite similar demographically (see Table 3), only 

differing significantly on a couple of variables.  Groups differed on age of the parents, 

respondent: F (2, 91) = 28.25, p < .001; partners:  F (2, 84) = 13.82, p < .001.  

Specifically, the PI and PFC groups had parents who were older in age than parents in the 

NA group (p < .001 for respondent and partners).  In terms of marital status, the PI and 

PFC groups were combined and compared to the NA group to help balance cell 

frequencies.  In the NA group, 100% of families were married or living with a partner.  In 

the internationally-adopted group, 86% of families were married or living with a partner, 

3.5% were separated or divorced (with date of separation unknown), 8.8% were single 

never married, and 1.8% were widowed (with date of death of partner unknown).  To 

increase cell frequencies, the categories separated/divorced, single never married, and 

widowed were combined and compared to the married/living with partner category.  

There was a moderate association between marital status and group, φ = -0.24, p < .05, 

25% of cells had an expected cell frequency less than 5.  The PI, PFC, and NA groups did 
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not differ on education level of the respondent or their partner [respondent: F (2, 93) = 

0.16, ns; partners: F (2, 84) = 2.56, ns].  Additionally, groups did not differ based on 

annual household income, F (2, 91) = 2.84, ns.  Demographic variables that differed 

amongst groups were not significantly related with physiological, or behavioral measures 

of interest and were not included in further analyses. 

Adoption demographics.  Tables 1 and 2 contain descriptive statistics for origin 

of adoption by group and adoption demographics.  The adopted children differed by 

group in terms of their region of origin as at the time of testing, countries either invested 

in institutional care or foster care as their primary means of caring for wards of the state.  

The majority of PI children were adopted from Eastern Europe and Asia, with 42% from 

Russia and 40% from China.  Of the PI children, the majority of Eastern European 

adoptees were male, and the majority of Asian adoptees were female, χ2 (2) = 10.50, p < 

.01, 33% of cells had expected cell frequency less than 5, φ = 0.53, p < .01.  The PFC 

group was primarily adopted from Asia, with the majority coming from South Korea 

(74%).  Of the PFC children, there were similar numbers of males and females by region, 

χ
2(1) = 0.14, 50% of cells has expected cell frequency less than 5, φ = 0.08, ns.  The 

distribution for age at adoption was severely positively skewed; thus, this variable was 

log10 transformed.  Age at adoption differed between the two groups, with the PFC 

group being younger than the PI group at adoption, t (59) = 11.09, p < .001.  Compared to 

countries utilizing institutional care, countries utilizing a foster care system tend to have 

regulations in place to permit adoptions of younger children.  Due to younger age of 

adoption, children in the PFC group also spent more time in the USA, and thus, more 

time in their adoptive family than PI children, t (59) = 3.37, p < .001.  Because age at 
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adoption and time spent in adoptive family were so highly correlated and reflected a 

similar underlying construct, only age at adoption was used in further analysis.  Within 

each internationally-adopted group, age at adoption was not related to sex of the child 

[PFC: t (21) = 0.62, ns; PI: t (36) = 0.46, ns].  For all internationally-adopted children, 

parents rated the quality of care they believed their child to have experienced prior to 

adoption, as well as whether they believed the child had been physically or sexually 

abused or had experienced socio-emotional neglect.  Scores were averaged to create a 

general index of early care risk (Table 2).  Older age at adoption was significantly 

associated with higher early care risk scores (Table 5).  Further examining early care risk 

scores, it was found that parents of PI children tended to report higher early care risk 

scores compared to parents of PFC children, t (39.90) = 8.98, p < .001, equal variances 

not assumed, as assessed by the Levene’s test, p < .001.  Notably, there was minimal 

variance in early care risk scores for the PFC group with almost all parents reporting that 

their child experienced overall good care within their foster homes, with no experiences 

of physical, emotional, or sexual abuse. Within the PI group, early care risk scores were 

not significantly related to age at adoption, r = 0.12, and early care risk scores did not 

differ among the children adopted from Eastern Europe, Asia, and Central/South America 

[F (2, 34) = 0.42, ns], and did not differ by sex [t (36) = 0.41, ns].  

Health.  Children’s health status was obtained via parent report in order to 

examine whether pubertal status, height and weight at testing, history of heart problems, 

and medication use needed to be included as covariates in analyses. Parents completed 

the Pubertal Development Scale (Peterson, Crockett, Richards, & Boxer, 1988) to 

measure pubertal status and potential relations to physiological variables. There were no 
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significant group differences in parents’ report of their child’s pubertal progress, F (2, 92) 

= 1.97, ns.  For the entire sample, parents tended to report that physical changes in their 

children’s bodies had barely started.  According to parents, no female in the sample had 

experienced menarche.  Controlling for the age of the child at testing, females tended to 

have progressed further in puberty than males, F (1, 92) = 15.08, p < .001, partial η2 = 

.12.  Puberty scores were not significantly associated with physiological or behavioral 

data and thus, were not considered in further analyses.  Parents reported on children’s 

medication use in terms of psychotropics, decongestants, acetaminophen, antihistamines, 

analgesics, cough suppressants/expectorants, antibiotics, as well as medications to control 

blood pressure, seizures, and asthma.  Twenty percent of the entire sample was using at 

least one of these medications.  There was tendency for medication use to be associated 

with group status, χ2 (2) = 7.32, Cramer’s V = .27, p < .05.  In the PI group, 34% were 

taking at least one medication compared to 13% in the PFC group and 11% in the NA 

group.  Medication use was not associated with any other physiological or behavioral 

measures and was not considered in further analysis. Parents reported on congenital heart 

defects and history of heart problems: 8% of PI children and 3% of NA children were 

noted to have a history of heart problems. However, history of heart problems was not 

correlated with any physiological variables.  Height and weight were also measured at 

testing. Group differences in growth were found, F (4, 190) = 3.31, Pillai’s Trace = 0.13, 

p < .05.  Follow-up univariate ANOVAs showed that height differed among the groups, F 

(2, 95) = 3.57, p < .05.  Post hoc tests revealed that the PFC group was shorter than the 

NA group (p < .05).  Height at testing was not correlated with physiological or behavioral 

measures of interest.  No group differences were found for weight. 
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General cognitive ability. Several studies on typically developing children have 

found associations between measures of cognitive ability and indices of ANS functioning 

(e.g., Staton, El-Sheikh, & Buckhalt, 2009).  Children were administered the Wechsler 

Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) to assess general cognitive 

ability and to explore whether competence in this area needed to be included in analysis 

as a potential covariate. A Full Scale Intelligence Quotient (FSIQ-2) was calculated based 

on two subtests: vocabulary and matrix reasoning.  The WASI FSIQ-2 has high test-retest 

reliability, ranging from .83 - .90 (Wechsler, 1999), as well as good concurrent validity 

with other tests of intelligence (Hays, Reas, & Shaw, 2002).  FSIQ-2 scores for two 

participants (both in the NA group) were missing due to the children refusing to complete 

the vocabulary subtest, though they did complete the matrix reasoning portion.  Group 

differences in FSIQ-2 were found, F (2, 89) = 3.58, p < .05.  The PI group had 

significantly lower scores than the NA group, p < .05.  To further inspect this difference 

in FSIQ, the vocabulary and matrix reasoning subtest scores which comprise the FSIQ 

score, were submitted to a one-way MANOVA to examine group differences.  Group 

differences were found on the vocabulary and matrix reasoning scores, F (4, 178) = 3.90, 

Pillai’s Trace = 0.16, p = .01, partial η2 = .10.  Follow-up univariate ANOVAs showed 

that vocabulary subtest scores differed among the groups (using an adjusted Bonferroni 

alpha level of .025), F (2, 89) = 6.50, p < .01, partial η2 = .13.  Post hoc tests revealed that 

the PI group had lower vocabulary subtest scores than the NA group (p < .01).  No group 

differences were found for the matrix reasoning subtest, F (2, 89) = 0.30, ns.  FSIQ, 

vocabulary, and matrix reasoning scores were not significantly correlated with 

physiological or behavioral variables.  
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Recruitment 

This study was approved by the University of Minnesota’s Institutional Review 

Board.  Internationally adopted children were recruited from the International Adoption 

Project Registry, a database consisting of over 3,000 internationally adopted children 

whose families were interested in research participation.  Families in the database were 

called and emailed information regarding the study.  This study was also advertised on 

the International Adoptions website and in the International Adoption Project annual 

newsletter sent to families in the database.  Children in the NA group were recruited from 

the Institute of Child Development Participant Pool which consists of families interested 

in participating in research.  Flyer advertisements of the study were also distributed 

within St. Paul and Minneapolis businesses, schools, and community centers.  Every 

family with a child who met criteria to be in one of the three groups, PI, PFC, and NA, 

was invited to participate in the study.  However, children with severe learning 

impairments which would make it difficult to read and comprehend questionnaires were 

excluded from participating.  In order to reduce the likelihood that group differences were 

due to prenatal or congenital conditions, children were also excluded if they had a known 

genetic disorder, pervasive developmental disorder, or medically diagnosed Fetal Alcohol 

Spectrum Disorder (FASD).  Photographic screening using the FAS Facial Photographic 

Analysis Software (Astley, 2003) was also used to analyze the Center for Disease 

Control’s guidelines regarding FASD associated facial dysmorphia (i.e., smooth 

philtrum, thin vermillion border, and small palpebral fissures) based on digital pictures 

taken during the laboratory session.  No participant was identified as having facial 

morphology indicative of fetal alcohol exposure. Children with exposure that did not 
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impact detectable differences in facial morphology were not identified by this method. As 

an additional screen for FASD, parents reported the information they had gathered which 

led them to believe that their child had fetal alcohol exposure. Two participants were 

excluded due to having a previous medical diagnosis of FASD. Another two participants 

were excluded based on parent-report of strong suspicions of fetal alcohol exposure (i.e., 

information from the adoption agency, child’s medical records). 

Procedure 

Lab visit. The child and one parent attended a 2-hour laboratory session at the 

University of Minnesota’s Center for Neurobehavioral Development.  Informed parent 

consent and child assent were collected before the start of the session.  During 

recruitment, mothers were asked to attend the session, fill out questionnaires, and 

participate in session activities.  Ninety-seven percent of participants attended the session 

with their mother.  For three children (one PI, one PFC, and one NA), fathers attended the 

session, participated with the child, and filled out questionnaires.  First, growth measures 

were collected and then the child and experimenter filled out questionnaires together for 

about 30 minutes.  Next, children participated in a series of tasks designed to capture 

baseline measures of autonomic activity as well as to elicit autonomic responses to 

cognitive and emotional challenge tasks.  Because the cardiovascular system is activated 

by body movement, posture, speaking and social engagement (Bush et al., 2011; 

Donzella, Tottenham, & Gunnar, 2009), autonomic levels collected during each challenge 

task were referenced to levels collected during a “control task” which paralleled the 

motor and engagement demands of the challenge.  Thus, autonomic reactivity indices 

reflect psychophysiological reactivity to each challenge, controlling for other factors 
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which activate the ANS.  The experimenter left the room and went to the data collection 

room where the child could be seen on a television screen. Experimenter and child 

communicated over a microphone.  Resting baseline autonomic activity (3 minutes) was 

recorded as the child sat quietly.  As a cognitive task (3 minutes), the child participated in 

a forward and backward digit-span test derived from the Wechsler Abbreviated Scale of 

Intelligence (Wechsler, 1999).  For this task, the child heard strings of numbers spoken 

aloud by the experimenter over a microphone and was asked to repeat the strings of 

numbers as they became increasingly longer.  For the cognitive control task, the child 

was presented with two stories on a computer screen and was asked to read each page of 

the story aloud (3 minutes). This control task captured autonomic activity associated with 

speaking and focused attending and paralleled the speaking demands of the cognitive 

challenge. Each story was non-emotional in nature and was written at a 1st grade reading 

level to reduce the risk of making this a challenge task.  As a positive emotion evoking 

task (3 minutes), the parent and child sat in the same room and discussed a topic that 

would evoke positive feelings from the child. The child chose one of the following 

topics: plan a party, plan a perfect day, plan a parent-child outing, or plan a dream 

vacation. As a conflict discussion task (3 minutes), the parent and child sat in the same 

room and discussed one topic that was typically associated with anger or conflict, which 

the experimenter had pre-selected.  The experimenter presented the task to the dyad 

saying: “You and your parent will have a conversation about [topic]. This is a topic that 

one or both of you have disagreed on recently. You will have 3 minutes to talk. For the 

first 2 minutes, you will talk about this topic. Why is this topic a problem? How does it 

make you each feel? For the last minute, you will discuss solutions to the problem and 
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come up with a solution that you both agree upon.”  As the emotion control task, parent 

and child sat in separate rooms and each took turns speaking into a microphone to read 

aloud pages from two books selected for their 1st grade reading level and unemotional 

content.  This control task captured physiological responding associated with speaking 

and social engagement. Physiological levels during this task were used as the reference 

when calculating reactivity to the conflict discussion and positive emotion evoking tasks.  

The cognitive, positive emotion, and conflict discussion tasks were presented in a 

counterbalanced order for each group.  For the last hour of the session, the child was 

administered a brief IQ test and completed several more questionnaires.  At the end of the 

session, children received $15 in Target gift certificates 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: resting baseline, cognitive control task, 

emotion control task, cognitive task, positive emotion-evoking task, and conflict 

discussion task.  Cardiac measures were obtained from a single set of electrodes.  Four 

spot disposable electrodes (two current, two impedance) were placed in a non-standard 

configuration on the child’s body: attached to the nape of the neck, below the right 

clavicle, on the backside of the right ribcage, and on the right side of the lower abdomen.  

A 500-µA AC current at 50 kHz was passed through the two outer current electrodes, and 

both thoracic impedance (Z0) and the first derivative of change in impedance over change 

in time (dz/dt) signals were acquired from the two inner electrodes.  Raw ECG data were 

amplified using a Biopac ECG 100C amplifier set for a gain of 1000 and using low- and 

high-pass filters of 0.05 – 35 Hz.  The data was digitized at a rate of 1000 samples per 
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second and processed using the James Long Company’s IBI Analysis System.  The 

software automatically detected R-spikes, which were then manually edited by trained 

researchers who corrected spurious and missing r-spikes, as well as removed artifact. 

Twenty percent of the data was double-scored for reliability and artifact replacement was 

reliable with correlations of .98 or higher.  The r-spike times were converted to inter-

beat-intervals (IBIs) and then pro-rated into 125 millisecond (ms) windows. The pro-

rated IBIs were de-trended using a moving polynomial algorithm that isolates IBI 

variability at the amplitude and period of the oscillations associated with breathing. The 

residuals were discrete Fourier transformed yielding spectral power attributable to RSA, 

reported in units of ln(msec)2.  Using 64-second overlapping epochs of data, IBI variance 

that fell in the expected frequency band for children (0.24- 1.04 Hz, Bar-Haim, Marshall 

& Fox, 2000) was extracted to reflect RSA or the parasympathetic input to the heart 

(Porges, 1995).  Each 3-minute condition yielded four epochs of data.  Estimates of 

variance were computed across the 4 epochs; variance values greater than 1 were 

inspected for outliers.  Outlier epochs were dropped if they differed significantly from the 

rest of the values within a condition.  Data for each condition was aggregated across the 

epochs to provide values of RSA for the baseline and challenge tasks.  

Nonspecific skin conductance response (NS.SCR) collection.  Phasic increases 

in skin conductance were captured by measuring exosomatic non-specific skin 

conductance responses (NS.SCR, expressed in microSiemens, µS) continuously for each 

of the six tasks using the Biopac System, Inc. MP100 unit.  Two silver-silver chloride 

(Ag/AgCl) electrodes filled with Biopac Isotonic Recording Gel were attached with 

velcro bands to the volar surfaces of the distal phalanges of the second and third digits of 
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the nondominant hand.  The area of contact area between gel and skin was 1 cm in 

diameter.  Electrodes were placed on the hand approximately 1- to 5 minutes before the 

start of recording and were left on the hand for the duration of the tasks (about 30 

minutes).  A Biopac GSR 100C DC amplifier was used to excite a constant voltage 

through the electrode pairs, and the current change, representing conductance, was 

recorded.  Signals were amplified using a gain of 10 µΩ/V, a low pass filter of 10 Hz, 

and a high pass filter of 0.05 Hz.  Output from the amplifier was digitized at 500 samples 

per second and stored on a personal computer.  Raw data was processed and scored using 

AcqKnowledge software (Version 3.7.3).  To eliminate any high frequency noise 

components of the NS.SCR signal, a finite impulse response filter using a Hamming 

window and 2.0 Hz cutoff frequency was applied to the raw signals.  NS.SCRs were 

visually inspected and hand scored based on the detection of peaks and troughs.  Peaks 

with an amplitude greater than 0.05 µS and having the typical canonical shape were 

scored.  Based on recommendations from several studies, (reviewed in Bach, Friston, & 

Dolan, 2010) an area under the curve (AUC) parameter was calculated to capture 

frequency, amplitude, and half-time recovery of each skin conductance fluctuation.  

AUCs for each fluctuation were summed to produce a total AUC value for each 

condition.  

Parent-child conflict. Parent and child independently filled out the Conflict 

Discussion Questionnaire (CDC; Granger, Weisz, & Kauneckis, 1994).  The CDC lists 18 

topics thought to be potential sources of parent-child problems, such as doing homework 

and fighting with a sibling. Topics discussed within the past 4 weeks were rated, on a 

scale of 0-3, based on how angry the discussions were between the parent and child.  The 
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experimenter reviewed both respondents’ CDCs and selected one topic to be used for the 

conflict discussion task described next.  For selection, the topic had to meet the following 

criteria: 1.) be endorsed by child and/or parent as being a topic of recent conversation and 

2.) having evoked anger from child and/or parent.  The 18 discussion topics were 

categorized into 7 general themes; of the entire sample, fighting with siblings (28.9%) 

was the topic most commonly selected for the parent-child conflict task.  Dyads also 

discussed problems at school (25.8%), chores and responsibilities (19.6%), respect of 

authority figures (8.2%), use of electronics (6.2%), extracurricular 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, Eisenberg, & Bernzweig, 1990) is a self-

report questionnaire that measures parents’ reactions to children’s negative display of 

emotion.  Parents were presented with 12 vignettes in which their child was upset but not 

harming anyone and were asked to rate the likelihood on a scale of 1 (very unlikely) to 7 

(very likely) of responding in two particular ways: distress reactions (α = 0.73) and 

expressive encouragement (α = 0.76).  Distress reactions refer to the degree to which the 

parent becomes distressed when their child expresses negative emotions. Expressive 

encouragement reflects the degree to which parents accept the child’s display of negative 

emotion.  Previous research has found the CCNES to have good internal and test-retest 

reliability and good concurrent and construct validity (Eisenberg & Fabes, 1994; Fabes, 

Poulin, Eisenberg, & Madden-Derdich, 2002). Although the CCNES was created for use 

with preschool children, several studies have supported its use in middle childhood (e.g., 

Jones, Eisenberg, Fabes, & MacKinnon, 2002). 
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 Externalizing behavior.   Parents completed the MacArthur Health and Behavior 

Questionnaire for Late Childhood and Adolescence version 2.1 (HBQ-P v.2.1; Boyce et 

al., 2002; Essex et al., 2002).  The HBQ-P assesses symptoms occurring within the past 6 

months on a 0 (‘never or not true’) to 2 (‘often or very true’) scale and has been found to 

show strong psychometric properties (Essex et al., 2006; Shirtcliff & Essex, 2008).  The 

externalizing subscale (α = .85) consisted of items indexing overt hostility, relational 

aggression, conduct problems, and oppositional defiant behavior.  The percentage of 

children meeting the clinical cutoff of 0.68 for externalizing behavior was examined. This 

cutoff was set based on analysis of the HBQ-P with children of approximately the same 

age as the present study (Lemery-Chalfant et al., 2007).  

Analysis Plan 

Missing data.  The percentage of missing RSA and NS.SCR data by group status 

are listed in Table 6.  Statistics are summarized for child refusal rates and unusable data 

due to artifact, misplacement/displacement of the ECG electrodes, or other sources of 

equipment malfunction at the time of testing.  The groups did not differ in rates of 

missing RSA and NS.SCR due to refusal or data usability.  Additionally, analyses of 

whether those with missing data differed from those without missing data were conducted 

for each of the predictive measures, and none of these measures was significant.  Thus, 

the data were assumed to be missing at random.  Because the percentage of missing RSA 

data was low in the PI and NA groups, original values were used in further analyses.  

However, a significant percentage of NS.SCR data was missing; therefore, missing skin 

conductance data was multiply imputed and used in further regression analysis.    

Missing data were imputed using multivariate imputation by chained equations 
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(MICE; version 2.0; van Buuren & Groothius-Oudshoorn, 2000) software in R version 

2.11.2 (R Development Core Team, 2010).  The Gibbs sampler algorithm was 

implemented to fill out the missing data.  MICE employed fully conditional specification 

(FCS), which specified the multivariate imputation model on a variable-by-variable basis 

by a set of conditional densities, one for each incomplete variable. FCS draws 

imputations by iterating over the conditional densities.  For this dataset, 10 iterations 

were used for 10 imputed datasets, a recommended amount to achieve healthy 

convergence of the Gibbs sampler algorithm (van Buuren, Oudshoorn, & Rubin, 2006).  

Variables were imputed using predictive mean matching, a general purpose semi-

parametric imputation method (Little, 1988).  Its main virtue is that imputations are 

restricted to the observed values. To assess convergence, imputed variables were 

examined to determine that each of the 10 streams of imputed data freely intermingled 

with each other, without showing any definite trends.  The means and variances of the 

imputations for each variable were visually inspected; no trends were apparent and across 

the 10 streams of iterated data, the streams mingled very well right from the start.  The 

missing at random assumption could not be tested from the observed data.  Despite this, 

each imputation was checked to verify plausibility.  The densities of both the observed 

and imputed values of all variables were plotted and found to be reasonable.  

Covariates.  Group differences were found in age at testing.  Because this 

variable was also found to be correlated with baseline NS.SCR and NS.SCR during the 

positive task, it was included as a covariate in all analysis involving skin conductance.  

Sex was entered as a covariate in all regression analysis.   

Physiological reactivity to challenges.  It was necessary to determine whether 
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the three challenge tasks were successful in eliciting significant change in children’s 

levels of RSA and NS.SCR, compared to levels measured during the control tasks.  To 

investigate reactivity during the challenge tasks, a repeated-measures analyses of 

variances (ANOVA) was performed for RSA examining the following unstandardized 

values as dependent variables: talking control, social control, conflict discussion, positive 

emotion, and cognitive levels.  Significant findings were examined using three planned 

contrasts comparing: 1.) social control task to the conflict discussion task, 2.) social 

control task to the positive emotion task, and 3.) talking control task to the cognitive task.  

NS.SCR values for the baseline, conflict discussion, positive emotion, and cognitive tasks 

were positively skewed.  Raw values were submitted to a log10 transformation, then a 

repeated-measures ANOVA was performed with the following transformed values as 

dependent variables: baseline, conflict discussion, positive emotion, and cognitive levels.  

Significant findings were probed using three planned contrasts 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 group status as a between-subjects 

factor, sex as a covariate, and the parent distress and expressive encouragement scores as 

the dependent variables.   

Predicting baseline physiological functioning and reactivity to challenge.  

Hierarchical multiple regression analyses were used to examine the moderating effects of 

parents’ distress reactions and expressive encouragement to children’s negative emotions 

on the relationship between group status and baseline levels of RSA and NS.SCR as well 

as RSA and NS.SCR reactivity to the three challenge tasks.  A total of eight hierarchical 



 

  56

regressions were computed.  Step 1 contained any necessary covariates.  Step 2 contained 

the main effects of group status (PI group served as the reference group).  Step 3 

contained the main effects of parent distress and expressive encouragement.  Step 4 

considered the centered interactions of group status with parents’ distress responses and 

group status with expressive encouragement.  For all analyses, significant interaction 

effects were tested using procedures outlined by Baron and Kenny (1986) and further 

examined using the simple slopes technique proposed by Aiken and West (1991).  

Pearson product-moment correlations were computed to examine relations between 

physiological and emotion socialization variables with age at adoption and early care 

risk.   

Correlates of externalizing behavior. Scores for externalizing behavior were 

positively skewed and were transformed using a log10 transformation.  A univariate 

analysis of covariance (ANCOVA) was used to examine group differences in 

externalizing behavior, controlling for sex.  Planned contrasts with Bonferroni corrections 

were used to examine differences between the PI and comparison groups.  Pearson 

product-moment correlations were computed examining relations among externalizing 

behavior, age at adoption, and early care risk.  

Pearson product-moment correlations were computed within the PI group 

examining relations between externalizing behavior with the following variables: 

baseline RSA and NS.SCR, reactivity scores for RSA and NS.SCR across the three 

challenge tasks, parent distress, and expressive encouragement.  When significant 

associations between physiological variables and externalizing behaviors were found, 

they were followed up to examine how parental distress and expressive encouragement 
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might impact the association (either mediation or moderation analysis depending on 

which was appropriate). Due to low sample size, only one physiological variable could be 

examined at a time. Because sex was associated with externalizing behavior, sex was 

controlled in all mediation and moderation analyses.  Correlations within the NA and 

PFC groups were also performed using the same procedures.  

Results 

Group Differences in Parent Emotion Socialization Results  

The descriptive statistics and bivariate correlations for parents’ distress reactions 

and expressive encouragement scores are listed in Tables 5 and 7.  The MANCOVA 

revealed no significant main effect for group status, controlling for sex [distress reaction: 

F (2, 92) = 1.02, ns; expressive encouragement: F (1, 92) = 0.34, ns].  Thus, parents’ 

report of their emotion socialization practices did not vary by group status.  Examining 

just the internationally-adopted children, bivariate correlations revealed that parents’ 

distress reactions and expressive encouragement were not significantly associated with 

age at adoption or early care risk scores.  

Physiological Reactivity to Challenges Results   

For NS.SCR, the assumption of sphericity was violated, as assessed with 

Mauchly’s test of sphericity, χ2(5) = 25.55, p < .01.  Therefore, a Huynh-Feldt correction 

was applied (ε = 0.84).  Results revealed that NS.SCR levels changed across the baseline 

and challenge tasks, F (2.53, 179.29) = 37.29, p < .001, partial η2 = .34.  Specifically, 

compared to baseline levels, NS.SCR significantly increased for the conflict discussion, 

positive emotion, and cognitive tasks (p < .001 for each).  See Figure 2 for NS.SCR mean 

levels across tasks.  RSA also showed evidence of change across tasks, F (4, 340) = 
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16.51, p < .001, partial η2 = .16.  During the conflict discussion and positive emotion 

tasks, RSA levels significantly decreased from the social control task (p < .001).  RSA 

increased during the cognitive task compared to the talking control task (p < .001).   See 

Figure 3 for RSA mean levels across tasks. 

Standardized residual scores were computed for each challenge task by regressing 

values elicited during each challenge task on the respective control task values.  

Descriptive statistics for residual scores are listed in Table 4. 

Predicting RSA Baseline and Reactivity Results  

Descriptive statistics and bivariate correlations for the baseline RSA analyses are 

summarized in Tables 4 and 5.  Multiple regression results are summarized in Table 8.  

The addition of group status in step 2 led to non-significant changes in R2.  When 

parents’ distress reaction and expressive encouragement variables were entered in step 3, 

they were also found to be non-significant predictors.  The addition of interactions in step 

4 resulted in a significant increase in R2.  There was a significant interaction of parents’ 

distress reaction by group status for the PI versus NA comparison, when sex was in the 

model.  Examination of simple slopes revealed a significant positive association between 

parents’ distress reactions to children’s negative emotions and baseline RSA for the PI 

group, b = 1.01, p < .01, 95% CI: 0.33 – 1.69.  As shown in Figure 4, PI children showed 

higher baseline RSA in the context of high parental distress reactions and lower baseline 

RSA in the context of low parental distress.  There was a significant interaction of 

parents’ distress reaction by group status for the PI versus PFC comparison, when sex 

was in the model.  The simple slope for the PFC group was significant, b = -1.26, p < .01, 

95% CI: -2.04 –   -0.49.  Examination of Figure 4 shows that for the PFC group, parent 
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distress was negatively associated with basal RSA. The slope for the NA group was not 

significant, b = -0.20, p = .43.  The interactions for group status and parental expressive 

encouragement were not significant.  Overall, the predictors in step 4 accounted for 25% 

of the variance in baseline RSA.  RSA was not significantly correlated with age at 

adoption or early care risk (Table 5). 

Because parent distress was correlated with externalizing behavior (r = .37), it 

was important to ensure that significant interactions were associated with parent distress 

and not being driven by the child’s behavior.  The externalizing variable was substituted 

for parent distress in the regression equation, which included group status and sex.  Main 

effects and interactions were not found to be significant predictors of baseline RSA.  To 

test the robustness of the significant interaction of parent distress and group status in 

predicting RSA, basal levels of RSA for the challenge conditions were used as dependent 

variables. For each regression, the interaction of group status and parent distress 

remained a significant predictor for both PI versus NA and PI versus PFC comparisons 

with comparable unstandardized B coefficients.  

For RSA reactivity to the three tasks, descriptive statistics and bivariate 

correlations for the variables are summarized in Tables 7 and 5.  The multiple regression 

results for RSA during the conflict discussion task are listed in Table 9.  Results revealed 

no significant main effects for group status in step 2.  The addition of the distress reaction 

and expressive encouragement variables in step 3 resulted in non-significant changes in 

R2.  Step 4 resulted in a marginally significant change in R2.  The interaction of group 

status for the PI versus NA group and parent distress, as well as the interaction of group 

status for the PI versus PFC group and parent distress were significant.  Examination of 
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simple slopes for the PI group revealed a positive association between parent distress and 

RSA reactivity, b = 0.57, p < .05.  The slopes for the NA and PFC groups were not 

significantly different than zero.  Overall, the predictors in step 4 accounted for 7% of the 

variance in RSA reactivity.  RSA reactivity during the conflict task was negatively 

associated with early care risk scores, r(55) = -.28, p < .05.  However, when just the PI 

group was examined, RSA during this task was not significantly associated with early 

care risk scores.   

For RSA during the positive and cognitive tasks, results were similar showing that 

when sex was controlled for, group status, parent distress, and expressive encouragement 

were not significant predictors of RSA reactivity.  When interactions were added in step 

4, this resulted in a non-significant change in R2.  Reactivity scores for these tasks were 

not significantly correlated with age at adoption or early care risk for the internationally-

adopted children.  

Predicting NS.SCR Baseline and Reactivity Results 

Descriptive statistics and bivariate correlations for the variables in the multiply 

imputed dataset for non-specific skin conductance response are summarized in Tables 4 

and 5.  Tables 12 – 15 summarize the results of the multiple regressions predicting 

baseline NS.SCR and NS.SCR during the three challenge tasks.  For the four multiple 

regressions predicting skin conductance at baseline and reactivity to the challenges, the 

addition of group status resulted in a non-significant change in R2.  The addition of 

parents’ support response in step 3 and the interaction of parents’ support responses by 

group status in step 4 led to non-significant changes in R2.  

Predicting Externalizing Behavior Results 
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 Descriptive statistics and bivariate correlations for externalizing behavior are 

summarized in Tables 7 and 5.  Eleven percent of PI children scored above clinical cutoff 

for externalizing behaviors. No children in either comparison group scored above the 

clinical cutoff.  Controlling for sex, group differences in externalizing behavior were 

found, F (2, 93) = 10.81, p < .001, partial η2 = .19.  Planned comparisons revealed that 

the PI group scored significantly higher in externalizing behavior than both the NA and 

PFC groups.  Externalizing behavior was correlated with age at adoption and early care 

risk when all internationally-adopted children were examined.  However, because group 

status was confounded with age at adoption, and there was very little variability in early 

care risk scores within the PFC group, bivariate correlations were examined within each 

group separately.  Within the PI group, externalizing behavior was not correlated with 

age at adoption or early care risk. Externalizing behavior was also not related to these 

variables in the PFC group.  

Predicting externalizing behavior from parent emotion socialization and 

physiology within each group. Within the PI group only, baseline RSA was positively 

correlated with externalizing behavior (r(36) = 0.34, p < .05), and parent distress was 

related to both baseline RSA (r(36) = 0.46, p < .01) and externalizing behaviors (r(37) = 

0.52, p < .01), suggesting a potential mediational role of parent distress. Using the 

program PROCESS for SPSS (Hayes, 2012), total, direct, and indirect effects were 

calculated.  Controlling for sex, the total effect of baseline RSA on externalizing 

behaviors was significantly different from zero, b = .02, p < .05.  The direct effect of 

baseline RSA on externalizing behavior, controlling for sex was not significantly 

different from zero. To test the indirect effect of baseline RSA on externalizing behavior, 
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a bootstrap approach was favored over more traditional tests because this approach makes 

fewer unrealistic assumptions regarding the shape of the sampling distribution of the 

indirect effect and is more powerful (Preacher & Hayes, 2008).  The indirect effect was 

0.01, with a bias corrected 95% bootstrap confidence interval of 0.0034 – 0.0317, based 

on 1,000 resamples. Thus, results revealed support for a mediating effect, such that 

higher RSA was associated with more externalizing behaviors, as a result of the effect of 

high parent distress on RSA, which in turn, influenced externalizing behaviors.  For skin 

conductance, only NS.SCR during the positive task was related to externalizing behavior, 

r(28) = 0.37, p = .05.  NS.SCR was not significantly associated with parent distress 

indicating that parent distress was not a mediator.  It was tested whether parent distress 

served as a moderator of the relationship between NS.SCR and externalizing behavior. A 

regression analysis was conducted examining the main effects and interaction of parent 

distress and NS.SCR in predicting externalizing behavior.  The interaction term 

accounted for a significant portion of the variance in R2 (12%), B = 0.05, p < .05.  The 

Johnson-Neyman approach was used to probe the interaction (Hayes & Matthews, 2009). 

This approach identified values of parent distress where the conditional effect of NS.SCR 

on externalizing behavior transitioned from non-significant to significant (α = .05).  

Recall that distress scores range from 1 = highly unlikely to react with distress to 7=very 

likely to react with distress.  When distress scores were at 2.68 or less, there was no 

significant association between NS.SCR and externalizing scores. For distress scores 

above 2.69, there was a significant positive association between NS.SCR and 

externalizing scores. For the NA and PFC groups, no significant associations between 

externalizing behavior and physiological variables were found. 
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Pearson product-moment correlations between RSA and NS.SCR at baseline and 

reactivity during the challenge tasks were examined within the PI group.  RSA and 

NS.SCR reactivity during the positive emotion task were significantly correlated, r(25) = 

.42, p < .01.  This relationship was subjected to a zero-order partial correlation 

controlling for the effects of parent distress.  The partial correlation was found to be 

significant, r(22) = .41, p =.05, indicating that a modest relationship between RSA and 

NS.SCR during the positive task was apparent above and beyond the effects of parent 

distress, but that the relationship was lessened by the distress variable.  Significant 

correlations between RSA and NS.SCR were not found in the NA and PFC groups.  

Discussion 

 The present study sought to better understand the role of early caregiving and 

parent emotion socialization practices in shaping two indirect indices of ANS 

functioning: respiratory-sinus arrhythmia and skin conductance at baseline and across 

several types of ecologically valid tasks.  Group differences in parent emotion 

socialization practices were not found.  Parent distress was found to moderate the 

relationship between early care and RSA.  This study also sought to compare the PI to the 

NA and PFC groups on levels of externalizing behavior.  The PI group showed higher 

levels of externalizing behavior than both NA and PFC groups.  Furthermore, within this 

group, RSA, skin conductance, and parent distress were found to play important roles in 

predicting externalizing behavior.  The results are reviewed with implications for future 

research.  

Group Differences in Post-adoption Emotion Socialization Practices 
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 It was hypothesized that the PI group would differ from the comparison groups on 

emotion socialization practices, though the direction of difference was not predicted.  The 

present study did not find evidence to support this claim. Group differences were not 

found on parent distress or expressive encouragement, nor were these practices found to 

correlate with age at adoption or early care risk.  Thus, group status alone did not seem to 

explain substantial variability in parents’ use of emotion socialization practices.  This 

finding is consistent with others showing that compared to non-adoptive parents, parents 

of internationally-adopted children show comparable rates of non-hostility and sensitivity 

(Garvin et al., 2012).  

Group Differences in Externalizing Behavior 

It was predicted that children adopted from institutions would show higher levels 

of externalizing problems than non-adopted children and children adopted from foster 

care.  Results confirmed that the PI group showed higher levels of externalizing behavior 

compared to both NA and PFC groups.  It is assumed that the PI group endured 

caregiving that is typical of institutional life: routine care from rotating staff with little 

responsive and contingent socio-emotional interaction. That the PI group showed more 

problematic behavior than the PFC group lends to the notion that the lack of sensitive and 

responsive care early in life, and not other factors related to international adoption, were 

major contributors to behavioral outcomes.  However, because this is a correlational and 

not experimental study, the causal relation between institutional care and later outcomes 

is always open to question. It should be noted that the present finding is in direct contrast 

to the Wiik et al. (2011) study which concluded that since PI and PFC groups showed 

higher levels of parent-reported externalizing behavior on the HBQ, that general 
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adversity early in life was the contributing factor and not socio-emotional neglect per se. 

Interestingly, the PFC group in the present study exhibited the lowest level of 

externalizing behavior, whereas 11% of PI children scored in the clinical range and the 

NA group fell in-between. The percentage of children scoring in the clinical range is 

comparable to that found in the Wiik et al. study which found that 9% of PI children 

scored above the clinical cutoff.  However, the lower levels of externalizing behaviors 

found for the PFC group in the current study was surprising. In both the present study and 

the Wiik et al. study, the PFC groups were adopted before 8 months of age and came 

from similar parts of the world, so comparable rates of externalizing behavior were 

expected.  It could be that the PFC children in the Wiik et al. study were exposed to more 

risk; unfortunately, early risk scores were not reported leaving it unknown whether 

exposure to adversity was a contributing factor.  In the present study, we do know that 

when early care risk scores were examined for the PI and PFC groups separately, they 

were unrelated to externalizing behavior.  The children in the Wiik et al. study were 

slightly older (8-11 years) than in this study. It has been suggested that behavior 

problems of internationally-adopted children may emerge with entry into adolescence 

(Colvert et al., 2008). Though correlations between age at testing and externalizing 

behavior were not reported in the Wiik et al. study, perhaps more externalizing behaviors 

emerged with age in their PFC group.   

In the present study, age at adoption was positively correlated with externalizing 

behavior; however, this finding is difficult to interpret because group status was 

confounded with age at adoption.  To address this challenge, the two groups were 

investigated separately and neither group showed significant associations between the 
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two variables. Thus, the present study suggests that age at adoption for the PI group 

showed no significant association with externalizing behavior and is in line with several 

other reports (Juffer & Van IJzendoorn, 2005; Groza 1999; Marcovitch et al., 1997; 

Kreppner et al., 2007).  However, it is likely that there was not sufficient variability in 

age at adoption to detect a dose-response relationship, as most of the PI group was 

adopted between 12-18 months.  

Did the challenge tasks engage the PNS and SNS systems? 

Engagement of the PNS was explored to examine whether the challenge tasks 

utilized in this study were successful in eliciting RSA responses relative to tasks that 

controlled for the effects of speech, motor movement, attending, and social engagement 

in order to obtain purer measures of reactivity to emotional and cognitive stimuli (Bush et 

al., 2011; Donzella et al., 2009).  For this study, skin conductance reactivity was 

compared to resting baseline level, with results showing that there were significant 

increases in skin conductance during the challenges compared to baseline levels.  

Interestingly, the three challenges did not elicit significantly different skin conductance 

levels.  It has been suggested that NS.SCR may be best suited to measure general arousal 

as a unitary construct.  It has also been hypothesized that NS.SCR may be regarded as a 

sensitive and valid indicator of variations in arousal in the lower range, as it appears to 

reflect small, mostly cognitively determined variations in arousal.  As moisture in the 

skin increases due to high arousal, NS.SCR may become less sensitive to small variations 

in sweat gland activity (Boucsein, 2012).  Perhaps it was the case that all the tasks in the 

current study elicited more than mild arousal, so that subtle variations in NS.SCR to the 

different task demands were not detectable.  Erath and colleagues (2011) noted similar 
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findings: children did not show skin conductance reactivity differences between a star-

tracing challenge and listening to a simulated inter-adult argument, again calling into 

question how sensitive skin conductance is to negatively valenced stimuli.  In order to 

better interpret arousal based on NS.SCR, more research is need examining neural 

processes in conjunction with skin conductance during various tasks, as neural activity 

can better explicate whether the arousal is cognitively or emotionally-driven.  

Additionally, more basic research is needed investigating to what extent skin conductance 

is influenced by contextual factors such as different emotion induction tasks, social 

versus non-social conditions, movement, and focused attending.  

Interestingly, reading a story independently into a microphone (controlling for 

attention and speech) led to greater RSA withdrawal than the cognitive challenge of 

repeating back short strings of digits.  This is somewhat similar to what Bush and 

colleagues found (2011) when comparing their cognitive task to its control task.  In that 

study, children showed greater RSA withdrawal and lower PEP when repeating back 

single digits compared to when they repeated back longer strings of digits.  Perhaps the 

cognitive challenge employed in the current study was not challenging enough and it was 

really just measuring attention – and its associated control task recruited too much 

cognitive effort or focus.  Although the story chosen for the cognitive control was at a 1st 

grade reading level, it was observed that several children had difficulty reading it and 

having to read aloud into a microphone might have been interpreted as threatening.  If 

this was the case, then reactivity to the cognitive challenge would be masked and we 

would not have a valid measure of RSA reactivity. Indeed, the cognitive control task 
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appeared to elicit RSA withdrawal similar in magnitude to the conflict discussion and 

positive emotion tasks.   

Children displayed RSA appropriate withdrawal to the positive and conflict 

discussion tasks.  This is similar to what other studies have found when using tasks that 

require the child to engage with their parent, watch emotionally-evocative film clips, or 

engage in a discussion with an experimenter (Bush et al., 2011; Calkins et al., 2008; 

Obradović et al., 2011) suggesting that interpersonal situations tend to engage the vagal 

system. These tasks led to greater RSA withdrawal compared to the social control task of 

reading a story with the parent when parent and child were in different rooms. Notably, 

the social control task elicited a RSA withdrawal compared to resting baseline which was 

expected, but again, the magnitude of this response was great and could have potentially 

masked the reactivity to the emotion tasks because of the cognitive effort required to read 

the stories with the parent.  Another unexpected finding was that just reading the story 

with the parent elicited a significant increase in RSA compared to the cognitive control 

where the child read alone. Did the parent act as a calming agent? Based on the Polyvagal 

Theory’s idea of vagal tone supporting a social engagement system, would not we expect 

more RSA withdrawal when the child engaged with the parent, as other studies have 

found (e.g., Calkins et al., 2008; Hastings et al., 2008)?  Taken together, these findings 

suggest that RSA is highly sensitive to the effects of manipulating laboratory conditions, 

and when conditions are not properly controlled, it is difficult to understand what stimuli 

participants are reacting to. To date, we have just a general impression of what basal RSA 

and RSA reactivity actually signify and our interpretations become tenuous when 

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

Assuming that the autonomic system remains relatively plastic throughout 

childhood, it was hypothesized that group status would interact with parent emotion 

socialization practices to predict RSA and skin conductance.  Parents’ expressive 

encouragement was not found to predict RSA or skin conductance, nor was it found to 

interact with group status to predict these variables at baseline or in response to 

challenge. In general, the literature in normative samples has found few significant 

correlations between positive supportive emotional socialization practices and child 

physiology, particularly in older children.  When significant correlations are found, they 

tend to be between indices of physiology and negative socialization practices (e.g., 

Hastings & De, 2008).  For the present study, parent distress did seem to be a better 

predictor of outcomes rather than expressive encouragement.   

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

Parent distress moderated the relationship between group status and basal RSA.  

Though the NA and PFC groups served as comparisons, they each displayed unique 

patterns and will be discussed separately.   

NA group. Examination of simple slopes for each group showed that for the NA 

group, basal RSA was unrelated to parent distress, which is in-line with several studies in 

community samples of low-risk families where strong relations between emotion 

socialization behaviors and RSA have not been found, particularly in older children (e.g., 

Hastings & De, 2008; Kennedy et al., 2004; Rubin et al., 1997).  Considering the 

developmental progression of emotion regulation competence, it could be that while 

parental socialization efforts remain important throughout the child’s life, there are other 
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more salient socialization agents (e.g., peers, siblings, media) in this specific 

developmental period. The NA children may have also relied more on internal regulating 

processes, such as cognitive suppression and reappraisal, rather than on external 

processes to help them cope.  Additionally, only two socializing practices were measured.  

It could be that other practices, such as parental negative control, would serve as better 

predictors of RSA (Hastings et al., 2008).   

PFC group. For the PFC group, a significant negative association was found 

between basal RSA and parent distress.  Higher parent distress was related to lower 

baseline RSA.  This negative association is comparable to animal and human studies on 

at-risk samples, which have shown lower baseline RSA and poorer RSA suppression 

under conditions of early maternal separation (Trombini et al., 2012), marital conflict 

(Porter et al., 2003), maltreatment (Skowron et al., 2011), and foster care within the US 

(Oosterman & Schuengel, 2007).  Unfortunately, the level of early life risk for the PFC 

group is poorly understood. The reliance on parent report of early care was a limitation of 

this study, as parents have been found to know very little of their child’s pre-adoption 

quality of care.  Though it is assumed that they did not endure the severity of socio-

emotional neglect seen in institutions, they are vulnerable to experiencing the same type 

of risk factors associated with foster care in the U.S., such as multiple placements and 

poor caregiver-child relationships (Dozier, Zeanah, & Bernard, 2013). This study found 

that parents who responded to PFC children’s negative emotions with calm neutrality 

were more likely to have children with higher vagal tone.  Because physiology was only 

measured at one time point several years post-adoption, it is impossible to know the exact 

contributions of the pre- and post-adoption environments on SNS and PNS functioning 
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over time. Given the limitation of this cross-sectional study, this finding suggests several 

different implications.  The first is that having a calm parent buffered these children from 

exhibiting the low vagal tone characteristic of children who have experienced disruptions 

in caregiving.  Underlying this possibility are assumptions that 1.) the PNS remained 

plastic post-adoption allowing for developmental programming, and 2.) these children 

were more physiologically reactive or sensitive to their parent’s distress, more so than the 

NA group. This is in line with several studies on children exposed to aberrant caregiving 

which shows that children fine tune neurobiological and perceptual systems to process 

aspects of their environment that have become salient through their learning of social 

experiences (Pollak, 2008).  Furthermore, the theory of Biological Sensitivity to Context 

(BSC; Boyce & Ellis, 2005) supports the possibility that early life stress interacts with 

genetics and shapes neurobiological systems, allowing for more sensitivity to context to 

support adaptation.  Longitudinal research is needed investigating biological systems in 

pre- and post-adoptive environments, along with genetic information, to really find 

evidence for these hypotheses; for now, we can only speculate as to the mechanisms 

driving the relationship between parent distress and RSA.  Under the BSC theory, if 

caregiver distress was salient for these children within the foster home, they would have 

developed a neurobiological sensitivity to stress resulting in low vagal tone to allow 

easier engagement of the SNS to cope.  The neurobiological sensitivity to context would 

carry over to the post-adoption environment; PFC children would flourish in a post-

adoption environment rich in sensitive and responsive care but show poor adjustment if 

the environment were less than optimal.  Under conditions of low parental distress, the 

child may have felt comfortable displaying negative emotions without fear of being 
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rejected; this could have fostered improvement of the Social Engagement System and 

enhanced vagal tone.  However, if the child easily distressed the parent, this would 

support and maintain low vagal tone, allowing the child quick access to SNS mediated 

behaviors to support vigilance and active coping.  This study did not find group 

differences in SNS functioning as measured by skin conductance; however, Gunnar and 

colleagues (2009) reported a trend for higher SNS tone as measured by pre-ejection 

period among children internationally-adopted from foster care compared to non-adopted 

children, particularly for those with more growth delay at adoption.  Maintaining 

relatively normal growth at adoption (sign of resilience) was related to lower cortisol 

levels during a stressor task.  The Gunnar et al. study highlights the need to investigate 

functioning across multiple systems (e.g., HPA, ANS, behavior) and the advantage of 

using more objective measures of allostatic load to quantify early life stress in order to 

investigate how stress gets under the skin (see Johnson, Bruce, Tarullo, & Gunnar, 2011).  

Another possible reason explaining the RSA-parent distress relationship was that 

PFC children with higher RSA exhibited better emotion and behavior regulation 

competence, eliciting calmer responses from the parent.  Unfortunately, this study was 

limited in that only one dimension of behavior was measured, and for the PFC group, 

neither basal RSA nor parental distress was related to externalizing behavior.  It remains 

unknown how basal RSA might have contributed to child adjustment and how 

characteristics of the child may have elicited more or less parental distress.  On measures 

of socio-emotional competence, these children often score worse than NA children and 

slightly better than, or similar to, PI children (Bruce, Tarullo, & Gunnar, 2009; Tarullo, 

Bruce, & Gunnar, 2007) and have been shown to display more internalizing and 
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externalizing behaviors (Wiik et al., 2011).  Thus, they appear to be a group at-risk for 

emotional and behavioral problems.  Further investigation examining factors and 

mechanisms that contribute to physiological and emotion regulation competence in this 

sub-population is warranted.  

Associations Among Physiology, Emotion Socialization, and Externalizing Behavior 

in the PI Group 

Summary. The PI group exhibited different levels of baseline RSA than the PFC 

and NA groups, and this difference was only evident when the post-adoption parenting 

context was taken into account.  Unlike the PFC group, the PI group showed a significant 

positive association between basal RSA and parent distress responses.  Additionally, 

during the conflict discussion task, RSA and parent distress were positively related such 

that RSA augmentation was seen under conditions of high parent distress, and RSA 

withdrawal was seen under low parent distress.  PI children also exhibited greater levels 

of externalizing behavior than both NA and PFC groups, as discussed previously.  Upon 

further examination, results revealed that parent distress mediated the relationship 

between basal RSA and externalizing behavior.  Thus, higher basal RSA was associated 

with greater parent distress, which then contributed to greater externalizing behavior. It 

was found that parent distress moderated the relationship between skin conductance 

during the positive task and externalizing behavior.  For PI children with high parent 

distress, those children showing skin conductance augmentation to the positive emotion 

task were more likely to also exhibit more externalizing behavior.  For the children with 

very moderate to low parent distress, there was no association between skin conductance 

and externalizing behavior.  Correlations controlling for parent distress within the PI 
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group revealed that RSA reactivity was significantly associated 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 context of having a low distress parent, 

these two variables, together, may protect PI children from developing behavior 

problems.  In the context of low parental distress, PI children’s skin conductance during 

the conflict task was unrelated to externalizing behavior.  Furthermore, having a calm 

parent was related to greater RSA withdrawal during the conflict task, suggestive of 

appropriate vagal regulation to support coping.  Given that the literature does not often 

document low basal RSA as being adaptive in typical and at-risk samples, several 

theories of stress regulation were explored to better understand how these two variables 

might have conferred adaptation and adjustment for these children.  

Models such as the Adaptive Calibration Model (ACM) have extended the 

Biological Sensitivity to Context model to help explain how individual differences in 

stress-system functioning represent conditional adaptation (reviewed in Del Giudice, 

Ellis, & Shirtcliff, 2010).  The ACM posits that the stress response system encodes 

information from the environment, resulting in adaptive patterns of responsivity and 

individual differences in behavior.  This model suggests that aversive and threatening 

environments early in life, such as those characterized by institutional care, may be 

associated with a vigilant, hyperreactive pattern of stress system responding.  However, 

when the stress is chronic or severe, hyperreactivity may switch to hyporeactivity later in 

life and contribute to physiological patterns which appear blunted or unusually low. The 

physiological and behavioral profiles of hyper- and hypo- reactivity will be discussed, 
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along with how these profiles may have been maintained in various environments to 

support adaptation.  

Under the AMC, low vagal tone coupled with the experience of early life stress is 

suggestive of a hyperreactive pattern – low vagal tone to more easily engage the SNS 

system. This physiological profile might be adaptive within the institutional environment 

where children need to keep a vigilant watch on caregivers to know when to approach 

and when to keep their distance, or may prompt the child to display dysregulated 

behavior, which would result in receiving more attention from caregivers. Within the 

post-adoption environment, a child with this presentation of responsivity may flourish 

when they have a parent who reacts promptly and calmly to their negative displays of 

emotion, which may help to explain why these children with lower RSA, coupled with 

low parental distress, evidenced low levels of externalizing behavior.  The low RSA may 

have contributed to the child showing clear signs of fear, anger, or sadness that the parent 

could discern, address, and eventually calm.  Additionally, vigilance and attentiveness to 

the environment are not necessarily negative qualities when the child has a calm parent.  

In this case, the low RSA may contribute to greater sensitivity to the parent’s reactions of 

calmness.  During distressing situations, the calm parent may help regulate the child, 

allowing the sensitive child to absorb any positive emotion regulation strategies the 

parent has to offer.  Evidence to support the notion that low RSA in combination with 

higher quality parenting may benefit the child comes from a study conducted by Bagner 

et al. (2012).  They examined preschool children who were born prematurely and who 

also presented with elevated externalizing problems. Compared to children in the waitlist 

control condition, those children with the lowest RSA whose parents received the Parent-
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Child Interaction Therapy (PCIT) intervention showed the lowest levels of disruptive 

behavior problems following intervention. Authors suggested that perhaps the low RSA 

contributed to more child emotion dysregulation that motivated the parents to want to use 

the skills learned in the PCIT intervention.  The low RSA may have also allowed the 

child to be more sensitive to improvements in parenting, allowing the effects of the 

intervention on behavior.  In sum, low RSA may be associated with the child showing 

signs of negative affect that the calm parent can detect and address, and the child being 

sensitive to threat but also to the best qualities the parent has to offer.   

 In the current study, the finding that greater RSA withdrawal was associated with 

low skin conductance during the positive emotion task is promising, suggesting that the 

engagement of the PNS was sufficient to cope with the challenge.  Further investigation 

of other measures of child adjustment are needed as well as direct observation of parent-

child interactions, to examine how low parent distress protects the child from developing 

externalizing behavior.   

Risk factors for externalizing behavior in PI children.  The associations 

between high RSA, high parent distress, and more externalizing behavior are complicated 

to sort out.  Additionally, greater skin conductance reactivity during the positive emotion 

task, indexing more arousal and SNS input, was associated with more externalizing 

behavior but only under the condition of high parent distress.  Controlling for parent 

distress, greater skin conductance during the positive task was associated with greater 

RSA augmentation as well, suggesting that the SNS and PNS were functioning against 

each other rather than in a reciprocal fashion. According to the Autonomic Space model, 

a type of nonreciprocal activation would be co-activation resulting in high RSA coupled 
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with high skin conductance, which is what the PI group evidenced during the positive 

task. During the conflict task, those PI children with a high distress parent showed the 

least RSA withdrawal.  Controlling for parent distress, skin conductance and RSA were 

marginally correlated (r = .35), indicative of this co-activating pattern during the conflict 

task.  In the literature, high basal RSA and a co-activating reactivity pattern in the context 

of risk for exposure to adversity has been associated with externalizing behavior (El-

Sheikh, 2007; El-Sheikh et al., 2009; El-Sheikh & Whitson, 2006; Gordis et al., 2009).  

Thus, the following sections will discuss various speculations regarding how ANS 

functioning may have conferred adaptation and maladaptation in different contexts.  

 Is high vagal tone and SNS activation a sign of enduring vagal rebound? In 

animal models of exposure to brief stress in adulthood, rats displayed the phenomenon of 

“enduring vagal rebound”, characterized as high vagal tone, vagal augmentation to stress, 

and increased SNS tone (Carnevali et al., 2011).  This type of co-activation was posited 

to be an adaptive response to stress in order to help the organism down-regulate the over-

activity of sympathetic drive. There have been relatively few studies examining enduring 

vagal rebound in humans, and these have focused on adults (e.g., Mezzacappa, Kelsey, 

Katkin, & Sloan, 2001).  It is unknown whether children would also display this 

phenomenon and further longitudinal research is required examining RSA recovery 

following different levels of stress. But it can be speculated that perhaps due to the early 

institutional care coupled with exposure to a high distress parent, high vagal RSA was 

being maintained to help down-regulate the heightened SNS tone.  

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

is indicative of increased attention to surroundings.  For at-risk individual, this may take 
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the form of heightened vigilance. For example, compared to non-abused children, 

maltreated children showed greater decreases in heart rate when they heard an inter-adult 

argument in the background (Pollak et al., 2005).  In another study, vagal augmentation 

to a peer provocation task was associated with more conduct problems, but only in the 

context of high exposure to domestic violence (Katz, 2007). These studies suggest that 

high basal RSA and RSA augmentation may reflect anticipatory monitoring of the 

environment to assess threat. This could help explain the increased behavioral and 

neurobiological sensitivity to threatening faces documented in PI children (Tottenham, 

2012).  

Is this physiological profile a sign of under-arousal? It has also been suggested 

that high basal RSA and co-activation in response to threat reflects under-arousal. The 

ACM posits that when stress remains chronic, high responsivity can switch to 

hyporesponsivity (Gunnar & Vasquez, 2006; Kessler et al., 2005; Tarullo & Gunnar 

2006; Del Giudice, Ellis, & Shirtcliff, 2010).  The ACM describes this pattern of 

unresponsivity as unemotional with a physiological profile that is more or less 

unresponsive via sympathetic input during most situations but becomes incredibly 

activated by threat.  This takes the form of the co-activation pattern described previously: 

high PNS input to remain behaviorally calm coupled with high SNS input to remain 

vigilant and respond at a moments notice.  Autonomic nervous system co-activation has 

been found in adults engaging in high-intensity or fear inducing situations who need to 

remain behaviorally calm but simultaneously prepared for action such as is required for 

sky-diving and spaceflight (Allison et al., 2012; Robertson, Convertino, & Vernikos, 

1994).  Thus, in normative samples, this type of response might be required to calmly 
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handle stressful situations.  However, when this type of pattern is used all of the time, it 

may be an indication of hyporeactivity hypothesized to result from chronic stress. A 

small body of evidence supports the argument that high vagal tone may reflect under-

arousal (Dietrich et al., 2007; Dietrich et al., 2009).  Low arousal associated with high 

RSA may also be indicative of fearlessness, potentially impairing one’s ability to learn 

from punishment.  In support of this argument, high RSA in adults has been found to 

relate to reduced fear-potentiated startle during an unpredictable shock, suggestive of 

decreased aversive responding to threat (Gorka et al., 2013).  Interestingly, PI children 

(aged 8-9 years) have also been shown to display reduced fear-potentiated startle 

amplitude compared to non-adopted children (Johnson et al., 2011).  They have also 

shown hypoactivity in other domains such as reduced cortical activity and blunted 

cortisol patterns at adoption and several years post-adoption (Carlson & Earls, 1997; 

Gunnar, 2001; Kroupina et al., 2012; Marshall, Reeb, Fox, Nelson, & Zeanah, 2008; 

Tarullo et al., 2011).  This blunted cortisol pattern has been found in other samples of 

children who have been exposed to chronic stress such as maltreatment and foster care 

and those diagnosed with traumatic stress disorder (Cicchetti & Rogosch, 2001; DeBellis 

et al., 1999).  Within PI children, this blunted pattern of cortisol activity has been 

associated with more externalizing problems and greater parenting stress around 

managing children’s difficult behavior (Kroupina et al., 2012).   

Under-arousal in biological systems may also confer hyporesponsiveness to 

rewards and contribute to sensation-seeking behaviors associated with poor executive 

function and impulsivity.  Evidence from animal models suggests that early social 

deprivation causes abnormalities in brain regions that support effortful control abilities 
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and systems critical to reward, motivation, and attention such as the prefrontal cortex, its 

associated areas, and the mesocorticolimbic dopamine system.  An indication that these 

brain regions may be altered in PI children is correlational evidence suggesting that they 

are at elevated risk for problems in effortful control, such as impulsive behavior, 

sustained attention, action monitoring, and hyperactivity (Bruce et al., 2009; Colvert et 

al., 2008; Loman, Johnson, Quevedo, Lafavor, & Gunnar, in press; Merz & McCall, 

2010; McDermott, Westerlund, Zeanah, Nelson, & Fox, 2012; Pollak et al., 2010).  If 

high RSA constitutes low arousal, this may contribute to increased impulsivity, 

sensation-seeking, and approach behaviors to bring arousal up to optimal levels, but at 

the same time, might also put them in situations likely to evoke externalizing behavior.  

One recent study found that for PI youth and not comparison groups, sensation-seeking 

was positively associated with conduct problems (Loman et al., in press).  If sensation-

seeking approach behavior is a phenotype of high RSA, this might help to explain the 

inhibitory control and hyperactivity problems prevalent in PI children.  Because PI 

children are also at-risk for delays in emotion understanding and social cognition, their 

approach behavior may evoke negative responses from others.  If you combine an 

impulsive sensation-seeking child who also displays poor social skills with a parent prone 

to showing anger and anxiety, coercive processes may take place resulting in elevations 

in externalizing problems.  It will be important for future studies to examine effortful 

control, temperament, and neurobiological correlates, and how they might contribute to 

parent-child dyadic processes putting PI children at-risk for psychopathology.  

Is this physiological profile a sign of proactive aggression?  An externalizing-

type problems is broad term to describe a heterogeneous mixture of behaviors that differ 
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on a continuum of impulsivity, labiality, delinquency, and aggression (Beauchaine, 2001; 

Frick et al., 2003).  Unfortunately, due to the nature of the HBQ used in the present study, 

more nuanced forms of externalizing types of behavior could not be examined.  Despite 

this limitation, speculations can be made regarding the significance of physiological 

patterns and specific forms of aggression.  One type of externalizing behavior associated 

in the literature with under-arousal and co-activating patterns of ANS functioning is 

proactive aggression (Scarpa, Hayden, & Tanaka, 2010). Proactive aggression can take 

the form of a “cold-temper,” reflecting non-emotional aggression used to intimidate 

others to obtain a desired goal and is often associated with more pre-meditated and 

manipulative behavior (Vitiello & Stoff, 1997).  This type of aggression is often 

accompanied with decreased fear of punishment, uninhibited temperament, and thrill-

seeking behaviors, and may require that the child exhibit very tightly controlled emotion 

in order not to let others see their motives.  Indeed, several studies have found that PI 15-

year-olds adopted after 6 months evidenced elevated rates of callous unemotional traits 

(Kumsta, Sonuga-Barke, & Rutter, 2012; Sonuga-Barke et al., 2010).  This tightly 

controlled presentation might require high basal RSA, but it is unclear if we would expect 

lower SNS tone or higher.  Scarpa, Haden, and Tanaka (2010) found that proactive 

aggression in children was associated with higher basal RSA and high basal skin 

conductance, which is similar to what the present study found in terms of high basal 

RSA, and greater skin conductance reactivity and RSA augmentation during the positive 

conversation with parent.  Investigating the specifics of externalizing behavior and how 

exactly it manifests (e.g., cold versus hot temper, impulsive versus premeditated) will 

help researchers better understand how to best help PI parents and children.   
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Physiological functioning in the context of a distressed parent.  Bidirectional 

influences between parent and child are likely taking place contributing to externalizing 

behavior; therefore, it is important to consider what high parent distress might add to the 

process.   

Parent distress and child under-arousal.  If the PI child did manifest 

physiological under-arousal, particularly if it is combined with a proneness to 

stimulation-seeking and reduced threat aversion, this may encourage the parent to 

amplify their response during moments of limit-setting in order to change the child's 

behavior.  As the parent becomes more emotionally aroused, they may model 

dysregulated behaviors for the child, while also setting 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 high vagal tone so as not to upset the parent 

who is easily distressed. Parents who score highly in distress also tend to score higher in 

other negative socialization practices that can send the message that displaying negative 

emotions is wrong, inappropriate, or invalid.  This may result in the child suppressing 

negative emotion until it gets released in highly intense ways, such as externalizing 

behavior (Gottman, 1997; Gross & Levenson, 1993).  Indeed, Fabes, Leonard, Kupanoff, 

and Martin (2001) found that parent distress, when coupled with harsh socialization 

practices, resulted in children exhibiting fewer negative emotions, but when they did 

express themselves, very intense emotional displays were exhibited.  Interestingly, the PI 

group actually increased RSA during the conflict discussion task when they had a parent 

with high distress.  Perhaps the PI children were suppressing negative emotions to not 
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upset the parent and to avoid negative consequences.  That this association was found in 

only the PI group suggests that perhaps, due to their earlier experiences of institutional 

care, they are more likely to increase RSA to either help support the distressed parent or 

to avoid harsh consequences from a high distress parent. Future research examining 

observed expressions of emotion in both parent and child are warranted to examine 

dyadic processes and how they may influence behavior problems.   

Examining the various environments the child has encountered is helpful when 

making speculations as to how this co-activating pattern may have been supported.  

Within the institutional environment, it may have been adaptive for the child to suppress 

strong negative emotions in order to avoid punishment and enhance their chance of being 

cared for.  Neutral emotions exhibited by children may be the preferred affect to get 

caregiver’s attention, whereas crying and tantrums, which are inefficient ways of energy 

expenditure, may instigate a frightening or ignoring response from the caregiver (Vorria 

et al., 2003).  Thus, it would have been adaptive for children to display neutral or positive 

affect, supported by high RSA, but also to be on alert, as supported by greater SNS input.  

When a sample of institutionalized infants and toddlers in Romania were observed in the 

presence of institution staff, they displayed less interactive behavior and more watchful 

behavior, perhaps to remain vigilant (Smyke et al., 2007).  Others have noted that 

institutionalized children appeared flatter in affect, with a restricted range of expressed 

emotions.  It could be that those children who display more “social moves” are more 

likely to attract more sensitive responsive care from staff.  In a study of children in 

residential group care, children who appeared “happier” and more social were also more 

likely to have a secure attachment relationship with a staff member (Vorria et al., 2003).  
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Children within institutions have also been found to show compulsive caregiving which 

may take the form of a child showing falsely brighter affect and leading parent-child 

interactions when the caregiver is withdrawn or unresponsive and not meeting the child’s 

needs (Chisholm, 1998, 2000).  Taken together, this body of research suggests that within 

the institutional environment, children are less likely to show strong clear contingent 

signs of positive or negative affect but rather show more neutral to positive tone, perhaps 

to increase their opportunities for social engagement or to obtain scarce resources.  This 

tight control of emotions and vigilance may carry over to the post-adoption environment 

and remain supported by a high distressed parent.  In a recent study, recently adopted PI 

toddlers were exposed to fear-inducing stimuli and more positive enjoyable stimuli (e.g., 

bubbles).  Compared to non-adopted children, PI children tended to react with more 

freezing behavior.  Freezing behavior has been found to be associated with amygdala 

functioning and is supported by strong SNS-mediated pathways.  Interestingly, greater 

freezing behavior was not associated with increased negative affect.  Additionally, the PI 

group showed less positive affect than non-adopted children during the positive situations 

(Stellern et al., 2014).  This incongruence between behavior and expressed emotion could 

indicate either that the children were afraid but suppressing the facial emotion, or that 

they were uncertain of how to react and rather than turning to their caregiver for 

reassurance, they stood alone.  Both of these types of responses would be supported by 

the type of co-activation pattern seen in the current study.  

Limitations  

The results incorporating parent distress and externalizing behavior must be 

interpreted with caution due to the reliance on parent reports, which were submitted by 
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the same parent and subject to informant bias.  Parents who report high levels of 

unsupportive responses to children’s negative emotions have been found to perceive their 

children as displaying more negative emotions (Eisenberg et al., 1996).  It is likely that 

the relationship between parent distress and children’s difficult behavior was 

bidirectional such that children’s externalizing elicited more distress from the parent, and 

parents’ escalating distress evoked children’s acting out behavior leading to a coercive 

cycle of parent-child interaction (Larson, Viding, Rijsdijk, & Plomin, 2008; Patterson et 

al., 1992).  Indeed, the NA group showed the same correlation between parent distress 

and externalizing behavior suggesting that the association was not unique to PI families.  

It was curious that expressive encouragement was found not to uniquely predict key 

variables; it could be that there was a ceiling effect on this measure with little variability. 

Perhaps a more nuanced measure investigating specific aspects of positive emotion 

socialization practices was needed.  Future studies utilizing observational measures of 

parent-child interactions and child socio-emotional adjustment are needed in order to 

replicate and extend the current findings.  

The reliance on parent-report for the emotion socialization measures leaves open 

the question as to whether parents might have over-reported using expressive 

encouragement or under-reported their levels of distress. In a psychometric study of the 

CCNES questionnaire, it was found that out of the six subscales of emotion socialization, 

only parent distress was significantly related to measures of social desirability (Eisenberg 

et al., 1996; Fabes et al., 2002).  The parents in the current study reported similar levels 

of distress and expressive encouragement as has been noted in other studies on low-risk 

samples. Although the range of distress scores was in the lower end (very unlikely to 
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moderately likely to respond with distress), this subtle difference was enough to account 

for significant variability in children’s autonomic and behavioral functioning.  However, 

what does high parent distress as reported by this questionnaire really mean?  The 

CCNES does not differentiate between felt emotion and expressed emotion.  Thus, two 

parents may have both felt anger when their child broke a toy and cried, but how this 

anger was dealt with and expressed in the family could have been very different.  The 

child’s experience of a parent who angrily lashes out is much different from a parent who 

takes a deep breath and leaves the room.  It is critically important that these findings be 

followed up with more observational measures of parent-child dyadic interactions, 

particularly surrounding negative emotions.  Also, it is not enough that researchers 

measure parent stress levels.  We also need to examine how parents cope with their own 

difficult emotions in the face of their child’s distress in order to best address the needs of 

adoptive parents.  

Another limitation is that this study focused on the impact of the mother as the 

primary socialization agent; however, children learn about emotions through a wide 

variety of people such as fathers, siblings, and teachers. Research is beginning to 

elucidate the meaningful ways that, for instance, fathers socialize emotions in their 

children and how this is related to autonomic system functioning (e.g., Hastings & De, 

2008).  Moreover, studies on the impact of parenting in internationally-adopted children 

mainly examine mothers, even when it is the partner who is doing most of the caregiving.  

Future research examining post-adoption parenting should include information on both 

parents, as both play important caregiving and socialization roles in children’s lives.  
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For all groups, the sex of the child did not appear to impact parent emotion 

socialization practices.  This finding is consistent with research finding no significant 

differences based on the gender of the child (Eisenberg & Fabes, 1994; Eisenberg et al., 

1996). However, there is a rich body of literature documenting gender effects.  For 

example, parents tend to put more pressure on boys to suppress or change negative 

emotions and encourage girls to express their negative emotions (Fivush, Brotman, 

Buckner, & Goodman, 2000).  Mothers and fathers have been found to differ in 

socialization strategies depending on the sex of the child. For instance, mothers have 

been found to become more distressed when their daughters display sadness compared to 

their sons (Cassano & Perry-Parish, 2007).  This study only tested three fathers so the 

influence of parent gender on use of distress and expressive encouragement could not be 

examined.  However, because of the documented sex differences, future research is 

needed examining how parent and child sex may contribute to adjustment in 

internationally-adopted children.  

Regarding the measurement of RSA and skin conductance, it should be 

emphasized that these are only indirect indices of PNS and SNS functioning to give us a 

small window into understanding the full extent of functioning of stress systems.  

Emerging research has suggested that repeated stress is associated with asymmetry 

between biological systems and that the pattern of asymmetry is related to atypical 

development (Bauer, Quas, & Boyce, 2002).  It is important for researchers to not only 

measure indices of PNS and SNS functioning in the same model, but to also examine 

interactions between these two systems. Furthermore, future studies should examine 

stress reactivity across multiple stress systems (e.g., HPA, ANS) and how they function 
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interactively to support adaptive and maladaptive outcomes.  Due to low sample size in 

the current study, indices of PNS and SNS functioning could not be examined 

concurrently to see how their joint action contributed to externalizing behavior.  

Another limitation of this study was that it only examined three broad 

measurements of environmental factors that could contribute to ANS functioning.  

However, there are genetics and health factors not measured by this study that contribute 

to regulatory functioning and influence RSA and skin conductance, and these different 

factors interact at various points across development (e.g., Propper et al., 2008).  

Longitudinal research is needed to understand how the interactive effects between 

biology and different adverse experiences in internationally-adopted children impact 

individual differences in ANS functioning across developmental periods and to 

understand the processes by which interactive effects impact short- and long-term 

maladaptation. 

A major problem with interpreting findings based on RSA and skin conductance 

is that these measure have been linked with an array of general processes that make it 

challenging to specify their functions.  Basal RSA has been described as measuring 

openness to the environment, approach tendencies, arousability, aversive responding, 

engagement, attention, stress-reactivity, emotion regulation, and social competence.  RSA 

reactivity is even more poorly conceptualized and has been described as measuring 

emotion regulation, adaptive responding, and general reactivity to the environment.  Skin 

conductance has been interpreted in conflicting ways as well (reviewed in Boucsein, 

2012).  While some studies have used it to index arousability and active engagement, 

others have used it as a marker for “fight/flight” tendencies, associating it with fear or 
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aversive responding to threat.  There is also a growing literature documenting the need to 

measure perceived threat in addition to indices of PNS and SNS functioning because 

whether the individual perceives a stimulus as safe or threatening will aid in 

interpretation of physiological responses (Porges, 2007).  For example, the SNS system is 

activated by threat to mobilize fight/flight responses, but it is also activated by thrilling 

situations to mobilize “excite and delight” responses (Allison et al., 2012).  More basic 

research on indices of ANS functioning is needed examining physiological, behavioral, 

and contextual influences on individual differences in ANS functioning, to help 

researchers validate what exactly they are measuring.  

Conclusion 

The associations between physiology and poor parent-child emotion regulation in 

the PI and PFC groups suggest that post-adoption experiences played a role in shaping 

ANS development.  Furthermore, for the PI group, high basal RSA and high parent 

distress to children’s negative emotions contributed to elevated levels of externalizing 

behavior.  Higher levels of skin conductance reactivity to a positive emotion conversation 

with their parent also predicted more externalizing problems, but only for children who 

also had a parent high in distress. Conversely, low basal RSA coupled with low parent 

distress appeared to protect the child from exhibiting elevated levels of externalizing 

behavior.  These findings do not support the notion of an optimal universal profile of 

ANS functioning irrespective of environment demands. Rather, these findings underscore 

the importance of considering the ANS in concert with other systems to facilitate emotion 

regulation.  We cannot view ANS functioning as simply a static trait that confers risk for 

or resilience from developing psychopathology. Individual differences in ANS 



 

  90

functioning are better conceptualized as resulting from dynamic processes that develop 

over time, that are influenced by interactions among multiple levels, so that at any given 

time, a measurement of ANS functioning reflects the history of interactions which has 

shaped the ANS and maintained a certain level of adaptation up until that point.  

 The results of the present study are promising because they implicate that the 

child’s biology remains open to influence from caregiving experiences later in life.  For 

internationally-adopted children in particular, relational experiences post-adoption may 

help to regulate biological functioning and reduce risk for behavior problems.  The 

findings on the associations of parent distress with differences in ANS functioning and 

externalizing behavior emphasizes the need for healthy and supportive environments 

during childhood, which may shape, support, and maintain healthy emotion regulation 

needed for successful adaptation.  Given that a substantial body of evidence has 

documented the great deal of stress and strain that some parents of internationally-

adopted children experience, extensions of the current study are needed examining 

relations between general parenting stress and parent affect regulation in response to 

children's problem behavior.  We also need to better understand how children with 

histories of socio-emotional neglect interpret, respond to, and cope with negative affect in 

their parents.  If the findings on parent distress can be replicated and extended in future 

research, this has the potential to inform preventive interventions that will support the 

mental health of parents of internationally-adopted children, which in turn, may also 

support children’s physiological functioning and reduce 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-institute n = 38 Post-foster care n = 23 

Country n (female) % (% female)     n (female) % (% female) 

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 (1) 4.3 (100) 
Guatemala 2 (1) 5.3 (50) 5 (2) 21.7 (40) 
Ethiopia 1 (1) 2.6 (100) 0 0 
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Table 2 

Early Care Experience      

Post-institute Post-foster care 

Variable M (SD; Range) M (SD; Range) 

Months in institution 18.46 (10.77; 9 - 53) 0 

Months in foster care 0 5.07 (1.34; 3 - 7.5) 

Age at adoption 
(months)** 19.14 (10.78; 9 - 53) 5.60 (1.50; 3 - 8) 

Early care risk factors** 1.68 (0.45; 1 - 2.83) 1.01 (0.07; 1 - 1.33) 

Years in USA at time of 
testing** 7.60 (1.14; 4.46 - 8.95) 8.39 (0.68; 7.43 - 9.60) 

      

** p < .001. 
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Table 3 
   

Demographic Characteristics by Group       

Characteristic Post-institute Post-foster care Non-adopted 

Age of child (years) at testing M (SD)* 9.20 (0.57) 1 8.86 (0.70) 8.87 (0.58) 2 

Age of parent M (SD) 
   

Respondent** 48.57 (4.72) 1 46.67 (3.59) 1 40.59 (4.98) 2 

Partner** 48.84 (6.19) 1 48.44 (3.79) 1 41.96 (6.54) 2 

Parent Education (% college degree) 
   

Respondent 100 95.70 94.60 

Partner 100 95.70 81.10 

Annual Household Income Median $100,001 - 125,000 $100,001 - 125,000 $75,001 - 100,000 

Marital Status (% married or living   with 
partner)* a 

78.90 1 95.70 1 100 2 

History of Heart Problem (%)  7.90 0.00 2.70 

Child Medicine Use* 34.20 1 13.00 10.80 2 

Weight (kg) at testing 28.15 (4.83) 29.47 (6.12) 30.51 (4.99) 

Height (cm) at testing* 132.42 (7.09) 130.51 (8.28) 1 136.07 (9.39) 2 

* p < .05, ** p < .01.                                                                                                                                                                                                                     
a  Post-institute and post-foster care groups were combined and compared to non-adopted group.   
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Table 4 

Descriptive Statistics for Physiological Variables    

Variable Min. Max. M SD N 

Average Scores a 
     

NS.SCR baseline  1.00 2.16 1.63 0.34 85 

NS.SCR conflict task 1.00 2.37 1.89 0.23 77 

NS.SCR positive task 1.00 2.25 1.86 0.03 79 

NS.SCR cognitive task 1.00 2.28 1.90 0.25 80 

      RSA baseline  3.55 9.71 7.10 1.31 93 
RSA talk control 3.64 8.47 6.45 1.16 90 

RSA talk/social control 4.12 8.91 6.75 1.08 93 
RSA conflict task 3.51 8.97 6.40 1.18 93 
RSA positive task 3.05 9.25 6.39 1.18 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 2.30 0.00 0.99 77 

RSA(con)-R -4.29 2.20 0.00 0.99 92 

RSA(pos)-R -2.68 2.87 0.00 0.99 89 
RSA(cog)-R -2.48 2.75 0.00 0.99 90 

a  NS.SCR mean values are log 10 transformed. RSA = Respiratory-sinus arrhythmia; 
NS.SCR = Non-specific skin conductance response.  NS.SCR(pos) = reactivity score 
during positive task; NS.SCR(con) = reactivity score during conflict task; 
NS.SCR(cog) = reactivity score during cognitive task; RSA(pos) = reactivity score 
during positive task; RSA(con) = reactivity score during 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  .12 -.14 -.13 -.07 .04 -.09 -.19 -.08 - 
10. RSA(pos) .10 -.15 -.10 .22* .07 .14 .25* .13 .15 - 
11. RSA(con) -.17 -.12 -.28* .10 .04 -.01 .03 .03 .09 .48** - 
12. RSA(cog) -.04 -.15 -.06 .03 .08 .12 -.03 .06 .22* .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 -.08 -.03 .00 -.14 .37** - 
15. Express  
      encourage -.07 .07 .11 .05 -.03 0.18 .12 -.08 .11 .01 .05 .09 -.14 -.26** - 
                

 
t p < .10; * p < .05; ** p < .01.  RSA = Respiratory-sinus arrhythmia; NS.SCR = Non-specific skin conductance response.  NS.SCR(pos) = standard 
residual reactivity score during positive task; NS.SCR(con) = standard residual reactivity score during conflict task; NS.SCR(cog) = standard residual 
reactivity score during cognitive task; RSA(pos) = standard residual reactivity score during positive task; RSA(con) = standard residual reactivity score 
during conflict task; RSA(cog) = standard residual reactivity score during cognitive task; Ext = Externalizing 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   
 

                  

  Post-institution   Post-foster Care   Non-adopted 

Variable Min. Max. M SD   Min. Max. M SD   Min. Max. M SD 

WASI IQ* 69.00 130.00 106.291 15.45   86.00 136.00 111.22 12.62   90.00 141.00 115.12 12.77 

WASI      
Vocabulary ** 

29.00 74.00 49.571 10.80   37.00 70.00 55.70 9.10   21.00 80.00 59.002 12.21 

WASI Matrix 
Reasoning  

24.00 72.00 54.83 12.30   23.00 69.00 54.18 12.33   25.00 70.00 56.42 9.74 

Puberty Score 1.00 2.25 1.34 0.33   1.00 2.50 1.42 0.36   1.00 2.50 1.51 0.39 

Distress 
reaction 

1.83 4.25 3.00 0.62   1.33 4.25 2.73 0.76   1.00 4.50 2.81 0.84 

Expressive 
encouragement 

3.83 6.50 5.32 0.72   3.67 6.42 5.14 0.80   2.75 6.92 5.16 1.07 

Externalizing 
(log10 
transformed)** 

1.00 1.34 1.111 0.08   1.00 1.2 1.062 0.05   1.00 1.19 1.05 2 0.05 

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

Hierarchical multiple regression predicting baseline respiratory-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 
encourage 

         0.57 0.35 

PFC X Express 
encourage 

         0.15 0.45 

Multivariate F for 
model 

F (1, 91) = 0.50 F (3, 89) = 0.54 
 

F (5, 87) = 0.60 
 

F (9, 83) = 3.00** 

Total R2 0.01 
  

0.02 
  

0.03 
  

0.25 
 

 (∆R2) 
   

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 respiratory-sinus arrhythmia reactivity during conflict discussion 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 R2 0.02 
  

0.03 
  

0.03 
  

0.07 
 

 (∆R2) 
   

0.02 
  

0.00 
  

0.10t 
 

                        

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

Hierarchical multiple regression predicting respiratory-sinus arrhythmia reactivity during positive emotion 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 R2 0.05 
  

0.09 
  

0.09 
  

0.10 
 

 (∆R2) 
   

0.04 
  

0.00 
  

0.01 
 

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

Hierarchical multiple regression predicting respiratory-sinus arrhythmia reactivity during cognitive task  

 
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 R2 0.001 
  0.02 0.04 0.05 

 (∆R2)    0.02 0.02 0.01 

                        

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

Hierarchical multiple regression predicting baseline skin conductance using multiply imputed data 

 
Step 1 

 
Step 2 

 
Step 3 

 
Step 4 

Variable B SE  
 

B SE  
 

B SE 
 

B SE  

Child age at testing -.13 0.08 
 

-.12 0.08 
 

-.12 0.08 
 

-0.12 0.07 

Sex -0.06 0.08 
 

-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 (∆R2) a 0.00 0.01 0.01 

                        

t p < .10. NA = Non-adopted; PFC = Post-foster care. 
a Values based on multiply imputed data. Only ∆R2 available. 
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Table 13 

Multiple regression predicting skin conductance reactivity during conflict discussion task using multiply imputed 
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 
encourage 

         0.07 0.38  

PFC X Express 
encourage 

         0.61 0.50  

Pooled ∆R2       0.01     0.02     0.01   
 

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

Multiple regression predicting skin conductance reactivity during positive task using multiply imputed dataset  

 
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 
 

NA X Express 
encourage 

         0.42 0.38  

PFC X Express 
encourage 

         0.52 0.50  

Pooled ∆R2       0.002     0     0.01   
 

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

Multiple regression predicting skin conductance reactivity during cognitive task using multiply imputed dataset 

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 
  

PFC X Express 
encourage 

         0.21 0.52   

Pooled ∆R2       0.01     0.02     0.01   
  

NA = Non-adopted; PFC = Post-foster care. 
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Appendix 2: Figures 
 
 

 
 
 
Figure 1. Conceptual model of early life stress.  From “Early Experience and the 
Development of Stress Reactivity and Regulation in Children,” by M. M. Loman & M. R. 
Gunnar, 2010, Neuroscience & Biobehavioral Reviews, 34, p. 869. Copyright © 2009 by 
Elsevier Science. Reprinted with permission.  
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Figure 2.  Mean levels of non-specific skin conductance (log 10 transformed) across 
conditions. 
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Figure 3.  Mean levels of respiratory-sinus arrhythmia (ms2) across conditions.  
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Figure 4. The interaction of group status and parent distress to children’s negative 
emotions in predicting respiratory-sinus arrhythmia (RSA) during the baseline condition. 
The results of the hierarchical multiple regression analysis, with sex of child and 
expressive encouragement in the model, are plotted using procedures described by Aiken 
and West (1991) by graphing parent distress at 1 SD below and above the mean for each 
group. 
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Figure 5.  The interaction of group status and parent distress reaction to children’s 
negative emotions in predicting respiratory-sinus arrhythmia (RSA) during the conflict 
discussion condition. The results of the hierarchical multiple regression analysis, with sex 
of child and expressive encouragement in the model, are plotted using procedures 
described by Aiken and West (1991) by graphing parent distress at 1 SD below and above 
the mean for each group. 
 
 
 
 
 
 
 
 
 
 


