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Abstract

The relations between early deprivation and the development of the neuroendocrine and central
components of the mammalian stress response have been examined frequently. However, little is
known about the impact of early deprivation on the developmental trajectories of autonomic
function. Children adopted between 15-36 months from institutional care were examined during
their first 16 months post-adoption (N=60). Comparison groups included same-aged peers reared
in their birth families (N=50) and children adopted internationally from overseas foster care
(N=46). The present study examined trajectories of baseline autonomic nervous system function
longitudinally following entry into adopted families. Post-institutionalized children had higher
sympathetic tone, measured by pre-ejection period (PEP). Individual differences in PEP soon after
adoption served as a mediator between early deprivation and parent-reported behavioral problems
two years post-adoption. There were no group differences in parasympathetic function, indexed by
respiratory sinus arrhythmia. All three groups showed similar trajectories of ANS function across
the 16 month period.
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For mammals, maternal care is necessary for survival. Decades of research using animal
models has consistently demonstrated that social deprivation, in which an animal’s basic
survival needs are met but social contact with the mother is disrupted or missing entirely,
leads to the altered development of neural systems that underlie stress responses and the
regulation of emotion and behavior. In rodents and primates, regular maternal separation not
only acutely activates the hypothalamic-adrenal-pituitary (HPA) axis, but it also leads to
changes in the functioning of this system that persist into adulthood. Behavioral profiles
consistent with early social deprivation include increased fearfulness and freezing (Cirulli &
Alleva, 2003; Gunnar & Quevedo, 2007; Sanchez, Ladd, & Plotsky, 2001). This early
chronic stress also has a direct, negative impact on prefrontal cortex development (Arnsten,
2009).
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Children who have experienced institutional or orphanage care provide a human analogue of
these early social deprivation models. While conditions vary across institutions, this type of
care is characterized by a lack of supportive social interactions with caregivers (Smyke et al.,
2007). Although social deprivation may be confounded with physical deprivation, it is
important to note that the lack of a consistent, responsive caregiver in high-quality physical
environments is associated with poorer behavioral regulation later in childhood (Roy, Rutter,
& Pickles, 2004). This suggests that supportive, reciprocal relationships with caregivers are
of unique importance during early development. In fact, children who have been adopted
from institutionalized care (post-institutionalized; PI) experience marked initial delays in
physical (e.g., Johnson et al., 2010) and cognitive (Kreppner et al., 2001; Nelson et al.,
2007) development. While a great deal of catch-up is evident across these domains
(MacLean, 2003), difficulties with attention, emotion, and behavior regulation persist across
childhood and adolescence (Stevens et al., 2008), and these early difficulties appear to place
PI children at heightened risk for the development of emotional disorders during
adolescence (Kreppner et al., 2010). Studies that have investigated the impact of early
deprivation on neurobiological development have noted decreased gray matter volume in the
prefrontal cortex (Hodel et al., 2015; McLaughlin et al., 2013; Sheridan, Fox, Zeanah,
McLaughlin, & Nelson, 2012) and disrupted organization in prefrontal white matter tracts
(e.g., Govindan, Behen, Helder, Makki, & Chugani, 2010; Hanson et al., 2013). Functional
studies show decreased glucose metabolism in areas of the prefrontal cortex related to
attention and behavior regulation (Chugani et al., 2001), increased amygdala activity to
threat (Maheu et al., 2010; Tottenham et al., 2011), and immature patterns of EEG power
while children are still in deprived care or shortly thereafter (Tarullo, Garvin, & Gunnar,
2011; McLaughlin et al., 2010; Vanderwert, Marshall, Nelson, Zeanah, & Fox, 2010).
Studies of the HPA axis have noted altered basal activity for both children who remained in
the orphanage setting (e.g., Carlson & Earls, 1997) and for those who had been adopted into
supportive families (Gunnar, Morison, Chisholm, & Shuder, 2001; Gunnar & Vazquez,
2001; Johnson, Bruce, Tarullo, & Gunnar, 2011; Koss, Hostinar, Donzella, & Gunnar, 2014).
Taken together, these studies provide overwhelming evidence that early social deprivation
negatively impacts the neural systems that underlie stress responses and behavior and
emotion regulation, and these effects persist for years after removal from the institutional
setting.

While evidence is rapidly accumulating in the domains listed above, relatively less is known
about the functioning of the autonomic nervous system (ANS) following a discrete period
early social deprivation. The autonomic nervous system consists of two limbs with opposing
functions: the parasympathetic nervous system (PNS), which mediates functions related to
growth and rest while the sympathetic nervous system is involved in fight/flight responses.
The PNS exerts tonic inhibitory control over heart rate via projections of the myelinated
vagus nerve from the nucleus ambiguus to the sinoatrial node. This vagal “brake” slows
heart rate in contexts where no threat or stressor is present, but under challenging conditions,
suppression of vagal influence results in a removal of the “brake” and a subsequent increase
in heart rate (Porges, 1995; 2007). Respiratory sinus arrhythmia (RSA) is a measure of heart
rate variability associated with breathing and reflects this vagal influence on the heart.
Higher levels of basal RSA are associated with the regulation of attention, behavior, and
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emotion (Beauchaine et al., 2001). In contrast, lower basal RSA is associated with both
internalizing (Beauchaine et al., 2013; Porges, 2007) and externalizing (Beauchaine, Gatzke-
Kopp, & Mead, 2007) problems in children and youth, although relations between basal
RSA and externalizing behaviors have been less consistent (e.g., Calkins et al. 2007). Thus,
basal RSA is thought to represent a stable, trait-like capacity for emotion regulation
(Hinnant et al., 2011).

The sympatho-adrenomedullary (SAM) branch of the ANS consists of sympathetic pre-
ganglionic neurons originating in the intermediolateral gray matter of the spinal cord that
project axons through the ventral root to the chromaffin cells of the adrenal medulla, which
release epinephrine (Epi) and norepinephrine (NE) into circulation. These peripheral
catecholamines act on multiple target organs, including the heart, to increase cardiac output
via increased stroke volume and heart rate (Gunnar & Quevedo, 2007). In humans, the
activity of this system can be measured noninvasively through the pre-ejection period (PEP),
which is a temporal measure reflecting the amount of time elapsed between the onset of the
heartbeat and the ejection of blood into the aorta. Greater sympathetic tone is indexed by
shorter PEP (Berntson et al., 1994). Greater sympathetic tone is associated with fearfulness
and poorer emotion regulation (Buss et al., 2004). The PNS and SAM system represent
complementary systems that consistently work together to allow individuals to appropriately
meet situational demands. The coordination of these systems is accomplished by
prefrontally-mediated neural networks that inhibit drive on the SAM system from the
amygdala. Nodes in these cortical networks have been independently associated with self-
regulatory capacities like attention regulation, inhibitory control, and emotion regulation
(Thayer & Lane, 2009).

Longitudinal studies that have tracked the development of these systems note significant
change across the early years of life. During typical development, RSA increases across
infancy and early childhood (Alkon et al., 2006; Alkon et al. 2011; Bar-Haim, Marshall, &
Fox, 2000) with stability in this measure increasing after the end of the first year (Alkon et
al., 2011). RSA continues to increase across the early school years (Alkon et al., 2003;
Marshall & Stevenson-Hinde, 1998), and appears to level off and stabilize during middle
childhood or adolescence (El-Sheikh, 2005; Hinnant, EImore-Staton, & EI-Sheikh, 2011;
Salomon, 2005). Although longitudinal investigations of PEP across infancy and childhood
are more rare, several studies show decreases in basal sympathetic tone from infancy
through the early school years (Alkon et al., 2011; De Rogalski Landrot et al., 2007). The
changes in this system during the first year of life do not appear to be substantial (Alkon et
al., 2006), but repeated measures of PEP are moderately correlated during the preschool
years (Alkon et al., 2011). PEP continues to increase significantly across middle childhood
and shows stability during this time period (Hinnant et al., 2011).

Early adversity has been shown to impact the development of the autonomic system in
diverse samples of children, including those who have experienced maltreatment. A recent
study found that preschool-aged children exposed to maltreatment demonstrated lower RSA
during a teaching task and greater RSA suppression compared to baseline collection
(Skowron et al., 2011). Similar findings show that early adversity is associated with
decreased RSA reactivity at age three, but no effects of adversity on longitudinal changes in
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baseline RSA were noted (Conradt et al., 2014). The literature examining autonomic
function in high-risk populations often focuses on its role as a moderator of environmental
risk, with greater RSA reactivity indicating greater sensitivity to context. Evidence from
maltreated (e.g., Skowron et al., 2014) and community (e.g., Obradovic et al., 2010) samples
supports the notion that among young children, greater RSA reactivity in supportive contexts
predicts improved outcomes. Higher baseline RSA may also moderate environmental risk,
with greater basal RSA serving a protective role for children exposed to maltreatment,
though this effect appears to be further moderated by the sympathetic system (Gordis et al.,
2009). While a thorough review of the literature on autonomic function among diverse risk
populations is beyond the scope of the current work, it appears that, at least when there is no
marked change in care settings, early adversity shapes ANS development as a mediator of
behavioral functioning, and ANS function may further moderate exposure to subsequent
environments.

The relations between early deprivation and the development of the central and peripheral
systems that underlie emotion regulation are documented. Despite this research, little work
has examined the effect of early deprivation on the developmental trajectories of autonomic
function. To our knowledge, very few studies have investigated autonomic functioning
following early social deprivation. Gunnar and colleagues (2009) collected RSA and PEP
from 10-12-year-olds using a standardized stressor task, and found that in the context of a
laboratory visit in which the child would give a speech, PI children had significantly greater
sympathetic tone compared to age-matched peers who had been raised in their families of
origin who were of similar socioeconomic class to the families who adopt internationally.
Most recently, using the same speech stressor context as was used by Gunnar and colleagues
(2009), McLaughlin and colleagues (2015) found that youth reared in institutional care
settings, in comparison to youth randomized to a high-quality foster care setting early in life,
had blunted ANS reactivity to a social stressor task during adolescence. This previous work
assessed children at one point in time nearly a after decade removal from institutional
settings, and while these studies demonstrated that early social deprivation may lead to
enduring shifts in the functioning of this system, they failed to address the severity of this
impact on autonomic function immediately following adoption or the extent to which
recovery may be possible.

The present study sought to examine differences in RSA and PEP following adoption in a
group of internationally-adopted children. In addition to a group of post-institutionalized
children adopted from overseas orphanage or institutional settings, the study included two
comparison groups. One comparison group included a group of non-adopted same-aged
peers who were born into their families of origin in the United States. Notably these families
were chosen to be of a similar socioeconomic class to families who adopt internationally. A
second comparison group included internationally-adopted children who were adopted from
foster care settings; this comparison group allowed an examination of whether differences in
ANS function were specific to the conditions experienced in institutional care or may reflect
other factors, including prenatal conditions, which tend to be shared by orphaned and
abandoned children regardless of their placement in different types of care settings (foster
family or institution). To examine differences in RSA and PEP soon after adoption and
changes in these systems over the course of the first 16 months post-adoption we fit linear
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growth models to data collected over three time points. We hypothesized that post-
institutionalized children would have higher sympathetic tone and lower RSA consistent
with the argument that these systems were shaped by chronic stress (Porges, 1995). Group
differences in trajectories of PEP and RSA were conducted to examine evidence of recovery
in ANS function following removal from settings of deprivation. Lastly, we examined
whether individual differences in PEP and RSA at the start of the study (soon after adoption
for PI youth) and change across the study serve as mechanisms for differences in behavioral
problems two years post-adoption.

Method

Participants

Participants in the present analysis included 156 children ranging in age from 18 to 36
months at the start of the study. Children were drawn from a larger longitudinal examination
of recovery from early life adversity. Participants included 60 children (37 girls, 23 boys; S1
M age 25.97 months, SD = 5.00) who were adopted from overseas institutional care settings
(post-institutionalized, PI). Two comparison groups were included. First, 50 same-aged non-
adopted children (NA; 25 girls, 25 boys; S1 Mage 27.72 months, SD = 5.74) were included.
Additionally, 46 children (19 girls, 27 boys; S1 M age 32.64 months, SD = 5.00) who were
internationally adopted from international foster care (post foster care, PFC) were included
as a second comparison group.

PI children were recruited from families identified as having recently adopted internationally
through an adoption medical clinical and adoption agencies. Inclusion criteria for the PI
group required children attend the first laboratory session within 3 months of entry into the
family, were between the ages of 15 and 36 months at entry into the family (18 to 36 months
at recruitment), and were adopted out of an international institution setting. On average, Pl
children spent the majority of their pre-adoptive lives in institutional care (M= 74%).
Regions of origin for the PI children included Africa (n=22), Southeast Asia (n=19), Russia
or Eastern Europe (n=14), and Latin America or the Caribbean (n=5).

PFC children were recruited from the International Adoption Project registry. Enrollment on
the registry occurred through mailed invitations to families identified as adopting
internationally through area adoption agencies. Inclusion criteria for the PFC children
required children were adopted internationally, were between the ages of 18 and 36 months
at recruitment, and spent less than 50% of pre-adoptive lives in institutional settings. PFC
children spent the majority of their pre-adoptive life in foster care (M= 87% of pre-adoptive
life in foster care) and as is typical for children adopted internationally from foster care,
entry into the family occurred within the first year of life (M= 8.93 months, SD = 1.57).
Region of origin for the PFC children included Southeast Asia (n=35) and Latin America or
the Caribbean (n=11). PFC children were adopted earlier to reflect the typical age at
adoption for children coming from foster care overseas.

NA children were recruited through the department’s participant pool. Families are enrolled
through letters sent to all families of live births. Inclusion criteria for the NA children
required that children were between the ages of 18 and 36 months at recruitment and were
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raised in their family of origin. Families were recruited to match the demographics (e.g.,
income, parental education) as parents who adopt internationally.

For the PI children, 38% were Asian, 38% were Black/African, 13% were White/Caucasian,
3% were American Indian/Alaska Native, 3% were biracial or multiracial, and 3% reported
other or unknown racial backgrounds. For the PFC children, 76% were Asian, 17% were
American Indian/Alaska Native, and 7% reported other or unknown racial backgrounds. For
the NA children, 90% were White/Caucasian, 8% were biracial or multiracial, and 2% were
Asian. Additionally, 24% of PFC children, 5% of PI children, and 4% of NA children were
Hispanic/Latino. For a complete description of the child and family demographics for each
group see Koss et al. 2014.

Children were screened for fetal alcohol exposure using the FAS Facial Photographic
Analysis Software (Astley & Clarren, 2000); 8 children suspected of prenatal alcohol
exposure were excluded (6 PI, 2 PFC). Children were also excluded for congenital and
cognitive disorders (2 PI, 1 PFC). NA children were excluded for atypical developmental
experiences (3 NA; 1 maltreatment, 1 autism, 1 childhood cancer). In the present study 9
children were excluded for parent-reported heart defects (5 PI, 1 NA, 3 PFC). Prior to data
imputation, children with no ANS data at any of the three time points were excluded (2 PI, 1
NA). This resulted in a sample size of 156 for the present study (60 PI, 50 NA, 46 PFC).

Participants completed four laboratory sessions spaced roughly eight months apart. To
capture the transition to family care for the P1 group, the initial laboratory session occurred
within three months of the child’s arrival into the family for Pl youth (S1 M= 1.66 months,
SD=.74;,S2 M=8.30, SD=.59; S3 M=16.23, SD=.49; S4 M= 24.12, SD=.53). Parents
provided informed consent at the beginning of the longitudinal study. Families received a
gift card and small prizes as compensation for their time at each session.

Autonomic Data Acquisition—Cardiac electrophysiological data were collected
approximately one hour into the testing session. All cardiac measures were obtained from a
single electrode montage (one set of electrodes for all these measures), acquired with BioPac
M100 amplifiers and AcKnowledge v3.8.1 software, and analyzed using James Long
software. Four spot electrodes were placed on the thorax: attached to the nape of the child’s
neck, below the collarbone, on the backside of the ribcage, and on the lower abdomen. A
500 pA signal at 50 kHz was applied to the outer two electrodes, and both transthorasic
impedance and ECG were measured by the inner two electrodes. Baseline data were
collected while children sat within reach of a primary caregiver during two 3-minute
segments of a non-arousing animated film set to classical music.

Respiratory Sinus Arrhythmia (RSA)—Raw ECG was digitized with a sample rate of
1000Hz and band pass filtered at .05 — 35 Hz, then processed using James Long IBI
Analysis software. R-waves were automatically detected by the software, followed by a
visual inspection by trained researchers to identify and replace outliers, artifact, and spurious
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data with interpolated r-waves. If needed, sections of artifact data were removed from
analyses. Revisions typically ranged from 0 to 5 per trial (~1%), although data were retained
for analysis if up to 10% of beats needed revision. Thirty percent of the sample was double-
scored for reliability and artifact replacement was reliable with Pearson correlations of .95 or
greater.

The R-wave times were converted to inter-beat-intervals (IBIs) and then pro-rated into 125
ms windows. The pro-rated IBIs were de-trended using a moving polynomial. The residuals
were discrete Fourier transformed yielding spectral power attributable to respiratory sinus
arrhythmia. Using 64 second overlapping epochs of data, inter-beat interval variance that fell
in the expected respiration band for children (0.24-1.04 Hz, Bar-Haim, Marshall & Fox,
2000) was extracted to reflect vagal tone or the parasympathetic input to the heart (Porges,
1995).

Pre-Ejection Period (PEP)—Raw impedance and ECG were digitized at 1000 Hz with a
low pass filter at 10Hz, and then processed using James Long’s ERPview. Ensemble
averages of 64 second non-overlapping epochs were created and displayed for time-locked
ECG and dz/dt (change in impedance over change in time). Software identified two points
of interest: one point to serve as the onset of R and a second point at the peak of the dZ/dt
wave within an analysis window of 50-200 msec. The Q-point or the onset of R is difficult
to reliable spot (Berntson et al, 2004). As a proxy for the R-wave onset, using the ensemble
averaged ECG wave, the software automatically detects the steep point of the slope of the
rising R-wave (James Long, personal communication 6/13/2012). This is defined as the zero
point, and thus the latency to dZ/dt maxima becomes PEP. The ensemble average for each
epoch was displayed and trained researchers determined if the placement of each fiducial
point was reasonable. Epochs where the average appeared to be influenced by artifact were
dropped and participants had to retain 2 artifact-free epochs to be retained for analysis.
Thirty percent of the sample was double-scored for reliability and resultant PEP scores were
reliable (Pearson rs of .95 or greater).

Child Problem Behavior—The primary caregiver completed the problem behavior
subscale of the Brief Infant Toddler Social and Emotional Assessment (BITSEA; Briggs-
Gowan et al. 2002) at the fourth assessment (approximately 2 years post-adoption). The
BITSEA problem behavior scale is comprised of 31 items tapping into emotional
dysregulation, internalizing and externalizing problems, and additional atypical problems in
toddlers. Participants rated each item on a three-point Likert scale and higher scores indicate
more problem behaviors. The BITSEA had adequate internal reliability in the present
sample (Cronbach’s a=.73).

Child Height—Children’s height was measured at each of the laboratory sessions. Height-
for-age was calculated using World Health Organization standards (W.H.O., 2011). Height-
for-age measures were standardized (z-scores reported).
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Missing ANS Data and Data Imputation

Results

A total of 156 children had ANS data at one or more time points. Reasons for missing ANS
data included child/parent refused ANS task (T1 7= 16, T2 n= 10, T3 n= 16), data lost to
artifact (S1 PEP n=16, S1 RSA n=6, S2 PEP n=11, S2 RSA n=2, S3PEP n=11, S3
RSA n=13), and mechanical failures (S1 PEP n=6, S1 RSA n=3, S2 PEP n=2, S3PEP n
=9, S3 RSA n=4). Additionally, six children did not participate in the study at T2 and
twelve children did not participate at T3. For PEP, this resulted 88 children (30 PI, 30 NA,
28 PFC) with complete data, 40 children (15 PI, 13 NA, 12 PFC) with two time points of
useable data, 22 children (10 PI, 6 NA, 6 PFC) with one time point of useable data, and 6
children (5 PI, 1 NA) with no useable data. For RSA, this resulted in 108 children (37 PI, 34
NA, 37 PFC) with complete data, 32 children (14 PI, 13 NA, 5 PFC) with two time points of
useable data, and 16 children (9 PI, 3 NA, 4 PFC) with one time point of useable data. To
account for missing data in the present study, multiple imputation was conducted in MPLUS
(1998-2012) using Bayesian analysis. Multiple imputation estimates predicted scores for
missing data based on the available data. All subsequent analyses and descriptive statistics
utilized the imputed data aggregated across five imputed datasets.

Descriptive Statistics

Means, standard deviations, and correlations among study variables are presented in Table 1.
Both ANS measures were moderately stable across the three time points and there were
weak associations among PEP and RSA. Child age was positively correlated with ANS
measures and included as a covariate in subsequent analyses.

One-way between-subjects analysis of variance (ANOVA) was conducted to examine group
differences in children’s age and height-for-age (z-scores) at each of the time points. There
was a significant group difference in children’s age at each of the time points (T1 A2,153) =
21.86, p< .001; T2 A2,153) = 24.82, p< .001; T3 A2,153) = 26.06, p< .001). Post-hoc
comparisons indicate that PFC children were older (T1 M= 32.64 months, SD = 5.00, range
20.81-37.38; T2 M=39.98, SD=5.06, range 28.47-44.52; T3 M= 47.93, SD = 4.99, range
36.26-52.50) than both PI (T1 M= 25.97 months, SD = 5.00, range 18.97-36.66; T2 M=
32.62, SD=5.23, range 24.92-44.25; T3 M= 40.52, SD=5.07, range 33.27-61.58) and NA
(T1 M=27.72 months, SD = 5.74, range 18.54-36.92; T2 M= 34.76, SD = 5.88, range
25.58-44.05; T3 M=42.74, SD=5.81, range 36.26-52.50) children (all p5<.001 for mean
difference comparisons). Additionally, NA children were older than PI children at T2 and T3

(ps< .05).

There were also significant group differences in height-for-age (T1 A2,153) = 30.42, p< .
001; T2 A2,153) = 12.59, p< .001; T3 A2,153) = 4.39, p< .05). Post-hoc comparisons
indicate that PI children were shorter relative to same aged children (T1 M=-1.54, SD=
1.12; T2 M=-.98, SD=1.10; T3 M= -.66, SD=1.10) compared to NA children at all
three time points (T1 M= -.06, SD=.90, p< .001; T2 M=-.03, SD= .84, p<.001; T3 M=
-.16, SD = .75, p< .01) and PFC children at the first two time points (T1 M= -.68, SD=.
94, p< .001; T2 M=-.56, SD=1.00, p< .05; T3 M=-.62, SD = .95, ns). Additionally, PFC
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children were shorter than NA children at all three time points (T1 p< .01, T2 p< .01, T3
p<.05). Thus child age and height-for-age were included as time-varying covariates of RSA
and PEP.

There was a significant child sex difference in T4 BITSEA scores such that boys had higher
rates of problem behavior (M= 5.25, SD = 1.34) compared to girls (M=5.18, SD=1.28;
H1,154) = 5.32, p<.05). Child sex was included as a covariate of BITSEA scores in
subsequent analyses.

Trajectories of PEP and RSA

Data Analytic Plan—Linear growth models were fit to simultaneously model change in
RSA and PEP across the three time points using MPLUS. Multiple imputation was
conducted prior to estimating trajectories of autonomic functioning. To examine the effects
of early life adversity on ANS functioning, group was dummy-coded (Pl and PFC codes
with NA children used as the reference category). Group was included as a predictor of the
intercept and slope variables for both PEP and RSA linear growth models. To examine ANS
functioning as a potential mediator between early life adversity and child behavior problems,
T4 BITSEA scores were included as an outcome variable. PEP and RSA intercept and slope
variables and the group dummy-codes were included as predictors of T4 BITSEA scores. To
account for variation in children’s body mass, age and height-for-age were included as time-
varying covariates of both PEP and RSA. Child sex was examined as a potential covariate of
RSA and PEP intercepts and slopes; child sex was not related and the covariate was not
included to reduce the number of estimated parameters. Child sex was included as a
covariate of T4 BITSEA scores.

The model provided good fit to the data (x?(55) = 72.58, p=.06; x ?/df = 1.32; CFl = .92,
RMSEA = .05). Unstandardized parameter estimates for the model are provided in Table 2.
Child age was a significant time-varying covariate of RSA at T1 and T2; greater age was
associated with greater RSA. Height-for-age was a significant time-varying covariate of PEP
at T1 and T2; greater height was associated with shorter PEP.

Group Effects on PEP and RSA Trajectories—Group was modeled as a predictor of
the intercept and slope variables for PEP and RSA. The predicted trajectories for each group
are displayed in Figure 1. Early life adversity was associated with greater SNS activity. Pl
children had shorter PEP at T1 (e.g., latent intercept). Additionally, there was a statistical
trend for both the Pl and PFC groups on the PEP slope variable with both adopted groups
showing steeper gains in PEP across the three time points. Early life adversity (e.g., Pl and
PFC groups) was not associated with PNS activity; neither group variable predicted the RSA
intercept or slope latent variables. The model accounted for a modest amount of the variance
in PEP (PEP Intercept R?=.16; PEP Slope R2=.20) and very little variance in RSA (RSA
Intercept R?=.01, RSA Slope R?=.09).

ANS activity as a Mediator between Group and Child Behavior—PNS and SNS

intercepts and slopes were included as predictors of the T4 BITSEA scores. The intercept of
the PEP latent variable was negatively associated with BITSEA scores. Greater SNS activity,
indexed by shorter PEP at T1, was predictive of greater problem behavior at T4. To examine
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whether greater SNS activity was a mediator between early life adversity and problem
behavior, RMediation (Tofighi & MacKinnon, 2011) was used to test the indirect effect
using bootstrapped confidence intervals. The 95% confidence interval did not contain zero
indicating a significant indirect effect of the Pl group on T4 BITSEA scores through the
intercept of PEP (indirect effect estimate =—1.77, SE=1.04; 95% CI: —-4.15, -.15). PI
children had greater SNS activity soon after adoption (e.g., T1 latent intercept) and greater
SNS activity was in turn related to higher levels of problem behavior at T4. An effect size
for the indirect effect was calculated using the proportion of the maximum indirect effect
(K2=.20; Preacher & Kelley, 2011). Lastly, the PEP slope and RSA intercept and slope were
not associated with problem behavior. The model as a whole accounted for a moderate
amount of the variance in children’s BITSEA scores (R?=.30).

Discussion

The present study sought to examine the impact of early adversity on children’s autonomic
nervous system function following removal from institutional care settings. Findings suggest
that PI children had greater baseline sympathetic tone soon after adoption compared to non-
adopted youth. In turn, greater sympathetic tone soon after adoption was associated with
greater behavioral difficulties for children two years post-adoption. In contrast, there was no
evidence for differences in baseline PNS activity soon after adoption or in the 16 months
following adoption.

Previous work with children who experienced early adverse care supports the current finding
that the SAM system is more strongly impacted by early experience. In a design using
similar comparison groups, Pl but not children adopted internationally from foster care
demonstrated higher sympathetic tone even after spending years in supportive families
(Gunnar, Frenn, Wewerka, & Van Ryzin, 2009). A recent study of children in foster families
also notes higher sympathetic tone during a laboratory assessment among similarly aged
children with a history of neglect (Oosterman et al., 2010). Furthermore, in the present study
this higher sympathetic tone served as a mediator between early deprivation for Pl youth and
parent-reported behavioral problems two years post-adoption. These findings provide
support for the notion that early life experiences may shape and become embedded in
children’s stress-sensitive biological systems. This in turn may relate to individual
differences in later health and well-being serving as a mechanism for these differences
across the lifespan.

In contrast, results for the PFC children suggest no statistical differences in PEP compared
to the NA children. Examination of their initial PEP responses at the start of the study
suggests that the PFC children’s SNS function fall somewhere in between our Pl and NA
groups. At recruitment into the study, PFC children have spent a longer period of time in
their adopted families and a shorter duration in overseas foster care. This combination of
factors likely resulted in higher quality parenting for a longer period of time prior to the first
measurement and shorter duration of early life adversity both which may contribute to the
present findings. Similarly, McLaughlin and colleagues (2015) found that youth raised in
institutional care settings had higher baseline sympathetic tone compared to both youth
randomized into foster care settings and same-aged never-institutionalized youth during

Dev Psychobiol. Author manuscript; available in PMC 2018 April 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Esposito et al.

Page 11

adolescence. Youth receiving the foster care intervention, indicative of higher quality early
care, had baseline PEP measures similar to typically developing adolescents. Together with
the present findings, these results point to the quality of early care as one mechanism that
may shape the development of SNS function.

The results also yielded evidence that over time SNS tone in the Pl and in the PFC children
decreased (PEP was higher). There is a challenge, of course, in interpreting this finding.
With each assessment the experience of being in the laboratory, having electrodes placed for
ANS measurement, and other aspects of the experience were becoming less novel. Thus, it is
possible that the first assessment reflected SNS tone under highly novel conditions, while
the later assessments reflected something more akin to baseline tone. This might be, of
course, why the earlier assessment was predictive of children’s behavior problems, even
though those problems were assessed after there were no longer SNS differences among the
groups. This hypothesis contrast with the argument that with time in the family, SNS
differences reflecting early adversity diminished. If this hypothesis is the accurate one, it is
challenging to explain why the SNS measure predicted later behavior problems, unless there
was a third variable, such as the degree of early adversity, that predicted both initial SNS
tone and later behavior problems. If so, then SNS activity near adoption was merely a
marker for the degree of pre-adoption adversity. The design of the present study does not
allow us to distinguish between these two hypotheses.

Contrary to our hypotheses, the present study did not find support for differences in PNS
function suggesting that by 2 months post-adoption any impact of early life adversity on the
PNS system, if it was ever there, is not present in baseline RSA. Alternatively, it may be that
PNS function is more robust to early environmental adversity. Replication of these findings
is needed; however, if RSA is robust to the impact of early life adversity, this provides
encouraging news that this PNS function may be preserved in children experiencing early
social deprivation. RSA has been implicated in emotion and behavioral regulation (Porges,
2007; Thayer & Lane, 2009) and may help to promote resilience in children experiencing
environmental risk. An additional interpretation of these results argues that lower baseline
RSA may be the result of initially high RSA reactivity in a context of chronic stress
(Hinnant, Erath, & EI-Sheikh, 2015); thus, the lack of significant baseline RSA differences
between groups simply may not yet be present. However, continued exposure to stress would
likely be a necessary component of this developmental trajectory, and the children in this
study currently live in supportive and highly-resourced family environments.

There was not strong support for change, indicative of recovery, in the sympathetic system
following adoption. Results for group-specific effects on the change in PEP activity were at
trend-level and should be interpreted with caution. However, the pattern of results does seem
to suggest that both Pl and PFC youth exhibit a sharper rise in SNS function across the 16
months post-adoption. The growth trajectories of PEP in the internationally adopted youth
appears to converge with levels of PEP function in NA children by the last collection
assessment suggesting recovery following early heightened sympathetic tone. This change
may correspond with and be indicative of the vast gains in physical growth PI children
experience after removal from settings of deprivation. Following placement in enriching
environments, Pl youth do exhibit rapid catch-up growth in height and weight (Van
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IJzendoorn, Bakermans-Kranenburg, & Juffer, 2007). On the other hand, there was no
evidence of group differences in the growth trajectories of RSA suggesting similar
developmental change in PNS function during the toddler years independent of different
early life environmental experiences.

The present study is not without a number of limitations. In particular, our sample sizes are
limited by the number of families available for recruitment and willing to participate during
this transitional time. As such our analyses may be underpowered to detect differences in
trajectories of responses. Although we screened and excluded for concerns of fetal
alcoholism, we are unable to account for prenatal experiences that may impact differences in
ANS function, including alcohol exposure that did not co-occur with the development of
facial features. Although we covaried age in our analyses, the differences in age between the
groups may have contributed to this pattern of results. Lastly, the present study utilized a
baseline measure of ANS function. Because the stress response system responds in context-
dependent ways, findings in the present study may be difficult to interpret in the absence of
measures of reactivity. Studies that incorporate measures of RSA reactivity in addition to
basal RSA note differences in reactivity following exposure to adversity, even when no
differences in baseline RSA were detected (e.g., Crowell et al., 2006; Fortunato et al., 2013).
Therefore, it is possible that differences in RSA reactivity may be present despite a lack of
noted differences in baseline RSA. Measures of baseline function were collected as we were
cautious to further provoke children soon after the transition into their new families given
the many changes and challenges these children and families faced. Further, we wanted to
avoid collecting ANS data within the context of social interaction with the parent, which is a
commonly used challenge in reactivity studies (e.g., Skowron et al., 2014), given the
possibility that patterns of parent-child interactions may not have stabilized by the first
laboratory assessment shortly after adoption. Future research with measures of reactivity is
needed to understand how early life deprivation may alter the responses of both the SNS and
PNS under conditions of stress during the transition to family care.

Despite these limitations, the present study is one of the first to examine the longitudinal
trajectories of ANS function following placement into enriching environments for children
who spent their early years in conditions of deprivation. This study also contributes to the
little developmental work examining trajectories of both the SNS and PNS. Individual
differences in PEP soon after adoption contribute to prediction of later problem behavior
providing evidence for one of the mechanisms that may account for how environmental
adversity shapes later problem behavior. On the other hand, children’s RSA in the present
study seems to be preserved despite conditions of early life adversity. Future work is
necessary to understand which biological systems are impacted by early life adversity that
may serve as mechanisms for later difficulties throughout the lifespan.
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PEP Intercept Variance

PEP Slope Mean
PEP Slope Variance
RSA Intercept Mean

RSA Intercept Variance
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76.25 (24.11)

450 (6.08)
17.27 (13.13)

3.08 (.58)

1.02 (.18) 7

Table 2
Linear Growth Model Results
Unstandardized (SE) B RZ
Predictors of PEP and RSA
Pl Group—PEP Intercept -8.79 (3.43) " -.45
PFC Group—PEP Intercept -4.20 (2.85) -.20
PI Group—PEP Slope 3.98 (2.37) A 45
PFC Group—PEP Slope 3.25 (1.84) s .34
P1 Group—RSA Intercept .05 (.28) .03
PFC Group— RSA Intercept -.11(.27) -.05
PI Group— RSA Slope 15 (.14) .28
PFC Group— RSA Slope .16 (.14) .28
Time-varying Covariates
T1Age—T1PEP 39 (22)7 17
T2 Age—T2 PEP 27 (16)7 13
T3 Age—T3 PEP 22(.23) 10
T1 Height for Age—T1 PEP -2.82(1.02) i -.24
T2 Height for Age—T2 PEP ~3.80 (1.26) i =31
T3 Height for Age—T3 PEP 1.84 (1.27) 13
T1Age—T1RSA 08 (.02) " 35
T2 Age—T2 RSA 04(02)* 20
T3 Age—>T3 RSA .01 (.02) .06
T1 Height for Age—T1 RSA .07 (.11) .06
T2 Height for Age—T2 RSA .03 (.10) .03
T3 Height for Age—T3 RSA -.01(.10) -.01
Predictors of T4 BITSEA
PI Group—S4 BITSEA - .07 (1.85) -.01
PFC Group—S4 BITSEA .92 (1.43) .10
PEP Intercept—S4 BITSEA -.20(.08)" -.44
PEP Slope—S4 BITSEA - .07 (.28) -.06
RSA Intercept—S4 BITSEA - 51(.43) -12
RSA Slope—S4 BITSEA .85 (4.75) 05
Child Sex—S4 BITSEA 1.82 (67) 21
PEP Intercept Mean 95.93 (6.16)
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Unstandar dized (SE) B R2
RSA Slope Mean 1.20 (.35) "
RSA Slope Variance .07 (.05)
PEP Intercept-Slope Covariance -13.28 (15.47)
RSA Intercept-Slope Covariance -.07 (.07)
PEP Intercept-RSA Intercept Covariance 1.36 (1.03)
PEP Slope-RSA Slope Covariance .10 (.31)
R2 PEP Intercept .16
R2 PEP Slope .20
R? RSA Intercept .01
R2 RSA Slope .08
R2 54 BITSEA .30

Note. Group dummy-coded (NA children as comparison group).

7Lp< .10,

*
p<.05,
Ak
p<.01,

Aok

p< 001,
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