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Summary
Early life stress (ELS) is expected to increase reactivity of the hypothalamic–pituitary–adrenocortical
(HPA) axis; however, several recent studies have shown diminished cortisol reactivity among adults
and children with ELS exposure. The goal of this study was to examine cortisol activity in 10–12-
year-old internationally adopted children to determine if moderate and severe ELS have different
impacts on the HPA axis. Salivary cortisol and two measures of autonomic activity were collected
in response to the Trier Social Stress Test for Children (TSST-C). Three groups reflecting moderate,
severe, and little ELS were studied: early adopted children who came predominantly from foster care
overseas (early adopted/foster care (EA/FC), n = 44), later adopted children cared for predominantly
in orphanages overseas (late adopted/post-institutionalized (LA/PI), n = 42) and non-adopted (NA)
children reared continuously by their middle- to upper-income parents in the United States (n = 38).
Diminished cortisol activity was noted for the EA/FC group (moderate ELS), while the LA/PI group
(severe ELS) did not differ from the NA group. Overall, few children showed cortisol elevations to
the TSST-C in any group. The presence/absence of severe growth delay at adoption proved to be a
critical predictive factor in cortisol activity. Regardless of growth delay, however, LA/PI children
exhibited higher sympathetic tone than did NA children. These results suggest that moderate ELS is
associated with diminished cortisol activity; however, marked individual differences in cortisol
activity among the LA/PI children suggest that child factors modify the impact of severe ELS. Lack
of effects of severe ELS even for growth delayed children may reflect the restorative effects of
adoption or the generally low responsiveness of this age group to the TSST-C.
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For over 50 years, animal studies have yielded evidence that early life stress can produce both
stress resilience and stress vulnerability (see Levine, 2005). More attention has been paid to
the vulnerability findings as these appear to provide a biological explanation for the heighted
risk of psychopathology among maltreated children (Felliti et al., 1998; Heim and Nemeroff,
2001; Sanchez et al., 2001; De Bellis, 2005). Nonetheless, there is a large body of animal data
showing that early life stress (ELS) can have stress resilience effects, such as reducing
fearfulness and neurobiological reactivity to later stressors (see Parker et al., 2006). The
distinction between ELS that produces vulnerability and ELS that produces resilience is
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presumed to lie in individual difference, contextual factors, and stressor factors that affect
whether the ELS is manageable or overwhelming (Southwick et al., 2005).

Animal studies show that ELS impacts the development of both the corticotropin-releasing
hormone/hypothalamic–pituitary–adrenocortical (CRH/HPA) and locus ceruleus/
norepinephrine (LC–NE) arms of the mammalian stress system (Chrousos and Gold, 1992;
Habib et al., 2001). There are a number of ways of measuring activity of these systems in
human populations; however, in many studies, including the present one, saliva samples are
assayed for cortisol to assess the HPA system, while cardiac measures are obtained to assess
effects on the autonomic nervous system (ANS). ANS activity is important in supporting fight/
flight responses (Sapolsky et al., 2000). Cortisol, on the other hand, has widespread regulatory
influences (Sapolsky et al., 2000). Because of it profound and multiple impacts on
neurodevelopment, cortisol has been the primary focus of neurobiological studies of ELS.

In the animal literature, early handling reliably produces stress resilience (e.g., Denenberg,
1999), while maternal separation less reliably produces stress vulnerability (Sanchez et al.,
2001). Early handling involves handling and brief periods of maternal separation, while
maternal separation involves handling and prolonged periods of maternal separation. When
first introduced, handling was viewed as a stressor (Landauer and Whiting, 1964), an
interpretation that was enhanced when it was shown that electric shock produced similar effects
(Levine et al., 1956). However, the stressor interpretation gave way to the maternal mediation
hypothesis (see Smotherman and Bell, 1980; Plotsky and Meaney, 1993; Caldji et al., 2000).
That is, it was argued that the effects of ELS were not bidirectional (a little producing resilience,
a lot producing vulnerability), but only appeared so because of the bidirectional effect of these
manipulations on maternal care.

Recent results have resurrected questions about the potential bi-directionality of ELS effects.
In non-human primates there is increasing evidence that early experiences that produce
repeated or prolonged elevations in stress hormones can produce stress resilience rather than
stress vulnerability (Parker et al., 2006; Lyons and Parker, 2007). Lyons and Parker (2007)
argued that their results were due to the fact that, while their separation procedures produced
marked and repeated elevations in cortisol, they involved challenges that were within the
infants' coping capacity. This they argued was supported by evidenced that these separations
did not impair normal physical and/or behavioral development. Studies of adults exposed to
ELS have also begun to show that ELS is, at times or for some individuals, associated with
decreased HPA axis responses rather than hyper-reactivity of the HPA system (Carpenter et
al., 2007; Elzinga et al., 2008).

Known as the stress-inoculation hypothesis, the argument is that stress exposures that are not
overwhelming, while still being significant enough to activate emotional and physiological
coping processes, may inoculate or steel the individual against later stress exposures (Garmezy,
1991; Rutter, 1993). In the developmental literature, there is evidence that work-related
stressors are less likely to induce depression in adults who experienced stress in work
environments as adolescents (Mortimer and Staff, 2004). There is also evidence that highly
protective parenting increases the odds that a fearful infant will continue to be extremely fearful
(Rubin, 2002), and that going to child care, which is known to activate the HPA axis (e.g.,
Ahnert et al., 2004), reduces fearfulness among these same extremely fearful children (Fox et
al., 2001). Likewise, Taylor et al. (2006) found that harsh parenting predicted reduced, rather
than enhanced, amygdala responses to threat stimuli among psychiatrically healthy adults. Thus
it may be that children exposed to some degree of adversity early in life develop stress systems
that are hardened against later stressor exposure, while those exposed to severe ELS become
more stress-reactive and vulnerable to later stressor exposure. If so, then impacts of mild/
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moderate versus severe ELS on later resilience versus vulnerability may be influenced by
impacts of these early experiences on stress-mediating neurobiological systems.

When reviewing the current literature on ELS and stress biology, it is unclear whether the
severity (intensity/duration) or individual differences determine resilience versus vulnerability.
To date, most of the evidence that ELS produces increased activation of the HPA system come
from studies of individuals with affective disorders or those with high genetic risk of these
disorders. Heim et al. (2001a,b, 2002) have shown that among clinically depressed adults,
greater ELS exposure is associated with greater ACTH and cortisol responses to a standard
stressor task and more aberrant pituitary and adrenal responses to pharmacological challenges.
Maltreated children with PTSD have also been shown to produce higher levels of cortisol and
catecholamines (De Bellis et al., 1999; Carrion et al., 2002). Likewise, children whose mothers
exhibit high depressive symptoms have been shown to have higher cortisol levels, especially
when maternal depression occurred during the child's infancy (Dawson and Ashman, 2000;
Halligan et al., 2004) or when the family is experiencing high economic stress (Lupien et al.,
2000; Essex et al., 2002; Fernald et al., 2008), as well as when children of depressed mothers
also exhibit high internalizing symptoms (Ashman et al., 2002). Finally, maltreated children
with depression or high internalizing symptoms show disrupted daytime cortisol patterns
(Kaufman, 1991; Hart et al., 1996; Cicchetti et al., submitted for publication).

However, there is growing evidence that when the impact of ELS exposures are examined in
psychiatrically healthy, and thus by definition, psychologically resilient individuals,
diminished or blunted pattern of HPA activity are often observed, particularly at the adrenal
level. Heim et al. (2001a,b, 2002) found that women exposed to ELS who were not concurrently
depressed showed no larger cortisol reactivity to the Trier Social Stress Test (TSST) than did
non-depressed, non-ELS exposed women, although they did show a larger ACTH response.
When exposed to pharmacological challenges, psychiatrically healthy women exposed to ELS
showed a blunted cortisol response to ACTH compared to healthy women with no ELS
exposure, although they showed a larger ACTH response to CRH (Heim et al., 2001a,b). Thus,
both studies suggest a diminished adrenal response to ACTH among psychologically resilient
survivors of ELS (however, see Carpenter et al., 2007). Elzinga et al. (2008), using
psychologically healthy college students, also observed a diminished cortisol response to the
TSST with greater ELS, especially among the men, but no differences in heart rate, blood
pressure, or subjective tension. Similarly, Carpenter et al. (2007) noted lower HPA responses
to the TSST among currently healthy ELS participants compared to healthy individuals within
the non-ELS group. This effect was significant for men for both ACTH and cortisol, while
among women, ELS was only associated with lower baseline ACTH. In general, a similar lack
of evidence of cortisol hyper-reactivity has been noted in the child literature among maltreated
children who do not exhibit significant symptoms of depression or internalizing problems (see
Cicchetti and Rogosch, 2001a,b).

One difficulty in interpreting any of these data is that ongoing adversity in the individual's life
and the presence or absence of coping resources during and following the period of ELS
exposure may influence both the impact on the HPA axis and on the individual's psychological
resilience (e.g., Kaufman et al., 1997, 2004; Gunnar and Donzella, 2002). Furthermore, the
only way to address whether exposure to ELS during early childhood produces a long-term
impact on stress reactivity and regulation is to find natural experiments in which, once removed
from their ELS conditions, children live in relatively low-stress conditions, and ELS exposure
groups clearly differ in the nature and duration of early exposure.

These concerns led us to examine children adopted internationally from ELS conditions.
Adoption into a supportive home can provide a profound natural intervention in the life of a
child exposed to significant ELS (van Ijzendoorn and Juffer, 2005). International adoption (IA)
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has increased dramatically in the United States and other industrialized countries over the last
few decades (Gunnar et al., 2000). Prior to adoption, IA children have experienced multiple
forms of ELS that differ depending on their country of origin. All IA children have experienced
parental loss/abandonment and multiple changes in care-giving arrangements. However, some
have experienced orphanage or institutional care while others have experienced foster care.
Whether they are placed in an institution or foster home largely depends on the type of care
used for wards of the state in their countries of origin (Gunnar et al., 2000). Country-of-origin
policies also strongly influence when the child is available for adoption. Generally speaking,
countries using foster care get children into permanent adoptive placements sooner than
countries that rely on institutional care. Once adopted, currently available data suggests that
post-adoption family life stressors tend to be very low (Kertes et al., 2008), parenting on the
whole tends to be adequate to good (Croft et al., 2001), and there are very few adoption
disruptions (e.g., Brumble, 2007). As a result, IA children provide a natural experiment on the
impact of different degrees and durations of care disruption on subsequent stress reactivity and
regulation.

This study was designed to examine the impact of two levels of ELS on later stress reactivity
and regulation: severe and moderate. Children adopted from orphanages or other institutions
when they were a year or older constituted the severe ELS group (late adopted/post-
institutionalized or LA/PI). The types of adversity to which these children were exposed likely
varied, but nearly all institutions included the lack of a consistent, responsive, adult caregiver.
Exposure to pathogens is also greater in group care settings such as orphanages. While many
institutions make adequate nutrition available, problems in delivery (propped bottles) and
health issues (parasites) may reduce the nutrition the child actually receives (Zeanah et al.,
2006). The longer a child is in institutional care, the more delayed the child becomes physically,
cognitively, and socially. Studies of HPA activity in institutional settings suggest that many
infants and toddlers exhibit cortisol patterns consistent with chronic stress (Carlson and Earls,
1997), such as low early morning levels and slightly higher late afternoon levels, resulting in
relatively flat diurnal rhythm over the daytime hours (Miller et al., 2007).

The second group consisted of children adopted early, before 8 months, predominantly from
foster care overseas (early adopted/foster care or EA/FC). We considered this the moderate
ELS group. Like the LA/PI children, they experienced being abandoned or removed from their
natal family. However, unlike the LA/PI children, they spent either no or very little time in
institutional care and thus most of their early life was spent in the care of one or a few consistent
caregivers. They then experienced the loss of this foster family when they were adopted. Thus
the EA/FC group is clearly an ELS group, but as a group their early life adversity was briefer
as they were adopted at a younger age. And, because they were cared for in families, it is likely
that they experienced less neglect of their emotional, cognitive and physical needs than did the
LA/PI children. Indeed, studies of children adopted early from foster care settings overseas
show that as a group they tend to be physically healthy and display behavioral development
that is age appropriate (van Londen et al., 2007), consistent with our argument that the EA/FC
children meet the criteria for moderate ELS.

Finally, our non-adopted (NA) comparison children were born and raised in their birth families.
To roughly match adoptive parental education and income, they were recruited from a registry
of families who had agreed at the time of their child's birth to be contacted for child development
studies. Previous evidence indicates that these families tend to be highly educated and to have
high incomes, similar to families who adopt internationally. Children in this group were
expected to have a minimal history of major life events and thus to represent a group who,
relative to the two other groups, experienced the least amount of early life adversity.
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All studies of children adopted or fostered from institutions, even one using random
assignment, have shown that once out of the orphanage, children begin to show remarkable
rebounds in physical and cognitive development (Maclean, 2003; Kreppner et al., 2007; Nelson
et al., 2007). However, these studies also provide evidence of remarkable variability in
resilience (Rutter et al., 2001). This is also the case for the two studies of basal cortisol levels
examined 6 or more years after adoption (Gunnar et al., 2001; Kertes et al., 2008). Indeed, the
second of these studies found that only those children who were more severely affected at
adoption, as measured by their physical growth delay, were the ones with higher cortisol levels
years after adoption (Kertes et al., 2008). As with studies of psychiatrically healthy versus
disordered adults, this may indicate that it is not the merely the severity of ELS exposure but
also factors in the individual that determine how ELS impacts the developing stress system.
Thus, in the following study, we not only examined cortisol and autonomic responses to a
stressor task as a function of level of ELS exposure, but also as a function of how adversely
affected the child was by that exposure as indexed by stunted physical growth at adoption.

1. Method
1.1. Participants

The participants were 124 children ages 10.02–12.21 years (M = 11.25, S.D. = 0.68). Children
in the LA/PI group (23 girls, 19 boys) were adopted when they were 12 months or older (range
12–64 months, M = 26.8 months, S.D. = 13.4 months) having spent at least 75% of their pre-
adoption lives in institutional care. Nearly 70% of this group had lived only in an institution
before adoption (range 0–64 months, M = 25.5 months of institutional care, S.D. = 13.5
months). They came from Asia (10 girls, 5 boys), Latin America (3 girls, 2 boys) and Russia/
Eastern Europe (10 girls, 12 boys). Children in the EA/FC group (20 girls, 24 boys) had been
adopted before 8 months (range 0.5–8 months, M = 4.2 months, SD = 1.7 months) and had
spent less than 2 months in institutional care. Fifty percent of this group had never been
institutionalized, while over half had spent 80% or more of their pre-adoption lives in foster
care. They came from Asia (12 girls, 16 boys) and Latin America (8 girls, 8 boys). Children
in the NA group (17 girls, 21 boys) were raised continuously by their birth parents in the United
States. Descriptive data are shown in Table 1.

1.2. Recruitment and screening
The children were drawn from two sources. The internationally adopted children came from
the Minnesota International Adoption Project (MnIAP) registry of families interested in
participating in research (Hellerstedt et al., 2008). The non-adopted children came from the
Institute of Child Development Participant Pool, a similar registry of children in their birth
families. Within 6 months of the present study, the children were all screened for normal IQ
(≥78), use of steroidal medications, congenital defects (downs/cerebral palsy), and fetal alcohol
syndrome (FAS). Methods of this screening are available upon request. Based on an analysis
of 332 children screened for a number of studies of internationally adopted children over a 3-
year period, 87.2% of LA/PI, 96.7% of EA/FC, and 96.9% of NA children met screening criteria
and were available for subsequent studies. Once in the pool of screened participants, children
were assigned to be contacted for the present study based on being between 10 and 12 years
of age and not having a sibling already in the study. We attempted to roughly balance for sex
of child while also obtaining a distribution of adoptions from Asia, Latin America and Russia/
Eastern Europe.

1.3. Procedures
The child and at least one parent attended a laboratory session that started roughly at 3:30 p.m.
(M = 3:49 p.m., S.D. = 22 min). The children were asked not to eat for 1 h prior to coming to
the laboratory. After consent/assent, four spot electrodes were applied for autonomic recording
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while parents were present. The parent was then escorted to a nearby room and the electrodes
were allowed to acclimate for 20 min while the child worked on a puzzle. Baseline autonomic
measures (6 min) were then obtained while the child relaxed and watched nature videos
(Baseline Period). The TSST-C was then administered (Buske-Kirschbaum et al., 1997). This
task involved providing the child with a story scenario and then giving him/her 6 min to develop
a story (Speech Preparation Period). The child was then taken to another room where s/he was
confronted with two unfamiliar adult judges to whom the child delivered the speech for 5 min,
followed by 5 min of mental arithmetic (Speech/Math Period). The children were told their
performance was being videotaped and they delivered their speeches facing not only the judges
but also a highly visible video camera. The story stem used was one in which the child was
erroneously accused of stealing and had to describe to a “principal and teacher” why they were
innocent (for details, see Gunnar et al., in press).

After the speech/math period, the child was congratulated and reminded that the adults knew
it was all pretend. The child then returned to the original room where autonomic recording
resumed while s/he watched another 12 min of the nature videos (Post and Recovery
Periods). The child then completed a rating of the stressfulness of each test segment and a
puberty scale (see below), and was compensated with a $10 gift certificate for attending the
lab session and a second $10 gift certificate for completing the home portion of the study.

1.4. Measures
1.4.1. Salivary cortisol—Saliva was collected by having the child chew a piece of original
flavor Trident™ gum for 1 min and then spit through a 3-in. straw into a cryos vial (Eppendorf,
Westbury, NY; Schwartz et al., 1998). Samples collected at home were stored in a zip-locked
bag in the family's refrigerator and then mailed to the laboratory (Clements and Parker,
1998). In the laboratory, all samples were stored at −20 °C until assayed in duplicate using a
time-resolved fluorescence immunoassay (DELFIA) with intra- and inter-assay coefficients of
variation were 5.8% and 8.7%, respectively.

Eight samples were taken in the laboratory. Three were collected over the initial baseline period
[after consent/assent (0 min), after electrode placement (+15 min) and after completion of
baseline autonomic assessment (+30 min)]. Five were collected during the stress and recovery
periods [immediately after the speech preparation (+40 min), after the speech/math period (+55
min), and then at 10 min intervals until +75 min]. To provide a home baseline, participants
took saliva samples on 2 regular school days at 4 p.m. Diary reported times of home sampling
averaged 4:09 p.m., S.D. = 30 min. Of the 124 participants, 112 provided home samples (LA/
PI = 98%, EA/FC = 92%, NA = 82%).

Cortisol data were log10 transformed prior to analysis (Gunnar and Talge, 2007). The home
cortisol data were used to determine which of the pre-TSST-C samples could serve as a valid
baseline; paired t-tests showed that none of the first three laboratory values were elevated over
home-baseline levels. Given this, the 3rd baseline sample was used as the index of baseline.

1.4.2. Autonomic measures—Pre-ejection period (PEP) and respiratory sinus arrhythmia
or vagal tone (VT) were obtained simultaneously during four 6-min collection periods:
Baseline, Speech Preparation, Post and Recovery. The latter two periods reflected the first and
second 6 min following the Speech/Math stressor. All autonomic measures were obtained when
participants were seated and not speaking to control for effects of posture and speaking
(Berntson et al., 1997). PEP was analyzed from electrocardiogram (ECG) readings obtained
using a SORBA Medical Systems Inc. CIC-1000 (Critchley, 1998). VT was obtained using
raw ECG input from the electrodes into a Polar heart rate monitor to detect R-spikes and a
Mini-Logger (Mini-Mitter Co. Inc., Bend, OR) recorded inter-beat intervals (IBI) throughout
each collection period. MXedit software was used to calculate the heart period and Vagal Tone
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Index using methods described by Porges (1985). Complete data were available for 95% of
the participants for PEP and 82% for VT.

1.4.3. Perceived stress—Children were shown the self-assessment manikin (SAM)
developed by Bradley and Lang (1994). The first figure was characterized to the child as being
“completely relaxed” while the fifth figure was said to be “freaking out”. Children were asked
to use this scale to describe their reactions at five points in the testing: arrival at the laboratory,
during speech preparation, while giving the speech, during the math segment, and during the
recovery period.

1.4.4. Current height, weight, and body mass index (BMI)—Researchers obtained
height and weight during the session. BMI was calculated using the equation for U.S. units
(BMI = 703 × −weight (lbs)/height2 (in.2)). The Center for Disease Control (CDC) standard
of a BMI for age above the 95th percentile was used to define obesity. EA/FC children were
more likely to be obese (16%) than were either LA/PI (2%) or NA (5%), χ2(2) = 5.8, p = 0.05.
Thus, BMI was included in the analyses.

1.4.5. Birth and adoption height and weight—Parents reported on the participant's birth
weight and length, if the information was available, and for the adopted children, on these
measures from the child's first doctor's visit in the U.S. If the parent did not know this
information, permission was obtained to contact the child's pediatrician. For the birth measures,
the most commonly available measure was birth weight (LA/PI 38%, EA/FC 80%, NA 90%).
For measures at adoption, either height or weight measures or both were available on 92% of
the IA children. Percentiles and standard scores for height and weight at adoption were
calculated using the CDC 2000 growth norms (C.D.C., 2004), and children scoring two or
more standard deviations below the mean on either measure were classified as severely growth
delayed at adoption.

1.4.6. Parent income, education, and child life stress—Parents completed a
questionnaire that included questions about family income (25 K units) and each parent's
education (<High School, High School or GED, Some College or Associates Degrees,
Bachelor's Degree, Masters, Professional Degree or Doctorate). No group difference were
noted in maternal, χ2(8) = 10.94, ns., or paternal education, χ2(10) = 10.38, ns., or family
income, F(2,116) = 0.17, ns. However, as socioeconomic factors have been shown to influence
stress reactivity (e.g., Evans and Kim, 2007), education and income were included in the
analyses. Parents also completed the Child Life Events Scale for the last 3 months and for the
time since the child entered the family (Boyce et al., 1995). This measure includes normative
stressors (i.e., birth/adoption of sibling, move to a new house) as well as non-normative
stressors (i.e., death of family member, incarceration of a parent, parental divorce/separation).
Neither of these time periods yielded group differences (F = .009 and F = .82, ns.) and are not
considered further. In general, since birth (NA) or since adoption (EA/FC and LA/PI), child
life events were low in all three groups (Grand Mean = 7.9 out of 37, S.D. = 3.4) and generally
normative.

1.4.7. Puberty measure—The Pubertal Development Scale (Petersen et al., 1988) was
administered to both the parent and the child, independently. Parent and child puberty reports
were significantly correlated, r = .65, d.f. = 122, p < .001, and were averaged for analysis.
Puberty scores did not differ by ELS group F(2, 116) = 0.13, ns., nor did ELS group interact
with sex, F(2, 116) = 0.60, ns. Thus, this measure was not considered further.

1.4.8. Clinical diagnoses and medications—The parent completed the computerized
version of the Diagnostic Interview for Children and Adolescents, Revised (DICA-R; Reich
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and Welner, 1988; Reich et al., 1995) and also reported on children's psychotropic medications.
Children were scored as having a psychiatric diagnosis if either report so indicated. Only 19
children had a psychiatric diagnosis, predominantly ADD or ADHD (84% of the 19 children).
LA/PI children were more likely than NA children to have a psychiatric diagnosis χ2(2) = 3.71,
p = .05, while EA/FC and NA children did not differ, χ2(1) = 0.68, ns. There were no group
difference in medication use on the day of testing, χ2(2) = 4.03, ns. Because recent studies
indicate no impact of stimulant medications on cortisol activity (Hibel et al., 2007; Lee et al.,
2007), neither medication nor diagnosis was considered further.

1.5. Analysis plan
Covariates with missing data were used, so the sample size varied slightly by analysis. N's are
reported for each analysis. The statistical tests we used enable analyses with unbalanced
designs. In all analyses, covariates were examined and, if non-significant, were removed from
the models. Thus, only significant covariates appear in the results. Because ELS was expected
to impact not only the level of stress response but also its organization, we approached each
physiological measure first by examining whether the population included latent groups that
differed in their response patterns, not just in their level or baseline intercept. To examine the
data for latent groups, we used a form of finite mixture modeling known as group-based
trajectory modeling (Nagin, 2005) implemented as SAS Proc Traj (Jones et al., 2001). Mixture
modeling takes into account potential population heterogeneity, in which a single sample is
actually representative of two or more sub-populations with qualitatively different response
patterns (for use of similar methods in small samples, see Davis et al., 2004; Mareschal and
Tan, 2007). When we noted latent groups that varied in response pattern, we then examined
whether ELS was related to the probability of exhibiting each of the patterns observed. If the
group-based procedure yielded only evidence of latent groups that differed in level but not in
pattern of response, we reanalyzed the data using Linear Mixed Modeling (LMM), which
enabled the specification of a mean growth curve for the entire sample according to a
polynomial function (Fitzmaurice et al., 2004). Our interest was in examining the ability of
ELS to predict variation from the mean growth curve (e.g., EA/FC vs. NA and LA/PI vs. NA).
Finally, for physiological variables that yielded evidence of differences in terms of ELS groups,
we examined whether severe growth delay at adoption, as an index of the individual's sensitivity
to ELS, explained the ELS effects. These analyses involved contrasting the NA children with
internationally adopted children (combining both groups) who were and were not severely
growth delayed at adoption.

2. Results
2.1. Perceived stressfulness of the TSST-C

Application of RM-ANOVA to the cortisol data yielded neither a main effect of ELS group,
F(2, 120) = 1.35, ns., nor an interaction of group with trials, F(8, 480) = 1.13, ns. The trials
effect was highly significant, F(4, 480) = 181.5, p < .001, yielding evidence that children
perceived the preparation, speech and math segments of the test as more stressful than the
baseline and recovery periods.

2.2. Differences in cortisol response patterns
Means and standard deviations for all physiological data are shown in Table 2. To identify
unique or non-normative response trajectories, group-based trajectory modeling (Nagin,
2005) was performed employing the Bayesian Information Criteria (BIC) to determine the
appropriate number of latent groups (Jones et al., 2001;Nagin, 2005). Model fit improved up
to five latent groups, but not at six groups; thus, the 5-group model was preferred (see Fig. 1).
All model adequacy measures indicated a very well-fitting model (Nagin, 2005); these data
are available upon request. As shown in Fig. 1, most children did not show a cortisol response
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to the TSST-C. Trajectories 1 (11.2% of children), 2 (43%), and 4 (17.2%) were all non-
responsive, while Trajectories 3 (14.6%) and 5 (14%) differed in both cortisol level and
magnitude of response. As shown in Table 3, relative to Trajectory 5, being younger predicted
membership in Trajectories 2–4, since negative coefficients indicate that greater age predicts
reduced likelihood of membership in the lower trajectories as compared to Trajectory 5; thus,
the older children were more likely to be more reactive to the TSST procedure, controlling for
family income and adoption status. Relative to Trajectory 5, children from wealthier families
tended to be in Trajectory 2, which was the most common trajectory (the positive coefficient
indicates increased likelihood of wealthier families in Trajectory 2); thus, income seems to
predict reduced reactivity when controlling for age and adoption status.

With age and family income in the model and using Trajectory 5 as the comparison, we found
no evidence for LA/PI and NA children to differ in their cortisol response patterns. In contrast,
relative to Trajectory 5, EA/FC were more likely than NA children to be in Trajectories 1
(lowest) and 3 (low cortisol, modest response), with a similar but not significant bias for
Trajectory 2. Because the lowest 3 and highest 2 trajectories appeared to differ in cortisol
intercept, we examined the percentages of children who were assigned to these levels. Of the
EA/FC children, 85% were on the lowest three trajectories, compared to 53% of the NA
children, χ2(1) = 9.53, p < .001. Of the LA/PI children, 69% were on the lowest three
trajectories, which did not differ from the NA children, χ2(1) = 2.3, ns. To assist the reader in
visualizing these group differences, a chi-square table for the ELS and trajectory groups is
presented in Table 4.

2.3. Differences in PEP/VT response patterns
Group-based trajectory modeling for the PEP and VT data yielded evidence of three and four
latent groups, respectively, that differed only in intercept and not in pattern of change (these
analyses are available upon request). Therefore, we used growth curve modeling via LMM to
analyze these data. In the PEP model (see Fig. 2), neither the linear nor quadratic terms were
significant, indicating that no mean change in PEP occurred during the procedure (we retained
the linear term because the associated random effect was significant). The effect of LA/PI on
the intercept was negative and significant (see Table 5), indicating that the LA/PI but not the
EA/FC children had lower overall PEP when compared to NA children. In the VT model (Fig.
3), the linear term was negative and significant and the quadratic term was positive and
significant (see Table 5), but no significant ELS group effects were noted.

2.4. Severe growth delay at adoption
Severe growth delay at adoption was defined as having height-for-age or weight-for-age at
adoption of equal to or greater than 2 standard deviations below CDC norms. Of the LA/PI
children, 54% of the 37 with adoption growth data were severely growth delayed, while 19%
of the EA/FC children were this severely affected, χ2(1) = 10.53, p < .01. We computed the
same kind of growth delay variable using the height and weight measures at testing and obtained
no group differences; thus, at testing the children in the IA groups were no longer severely
growth delayed. Among the LA/PI children, t-tests were conducted to determine if the severely
growth delayed children differed from the other LA/PI children in age at adoption or duration
of institutional care. No differences were found (t's < 1.0, ns). Using chi-square analyses, the
severely growth delayed LA/PI children also were not more likely to come from Russia/Eastern
Europe, Asia or Latin America χ2(2) = 1.8, ns, nor did they differ by sex χ2(1) = 0.8, ns. Only
16 of these children had birth weight information; however, for these children, birth weight
for gestational age did not differentiate those who became severely growth delayed by the time
of adoption from those who did not, t = −1.4, d.f. = 14, ns. Thus, these data suggest that severe
growth delay at adoption was not due to our measures of duration of ELS or genetic or prenatal
impacts on growth.
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To examine whether individual differences in the severity of response to ELS predicted levels
or patterns of cortisol response to the TSST-C, we used the group-based trajectory modeling
results to examine the impact of growth delay on trajectory membership. We compared the
NA children to the IA children (combined EA/FC and LA/PI groups) with and without severe
growth delay at adoption (see Table 6). One-third of the IA children without severe growth
delay were LA/PI children, while 29% of the IA children with severe growth delay at adoption
were EA/FC children. Despite this, as shown in Table 6, the results followed the same pattern
as the ELS group analysis. IA children without severe growth delay at adoption were more
likely than the NA children to be in the lowest three trajectories relative to Trajectory 5 (with
some differences only marginally significant), while growth delayed and NA children did not
differ. Relative to the 53% of the NA children who were on the lowest three trajectories, among
the IA children without severe growth delay these percentages were 83% for LA/PI and 88%
for EA/FC children. Examining the IA children who were severely growth delayed at adoption,
60% of LA/PI and 63% of EA/FC were in these three low cortisol trajectories. Thus, sustaining
relatively normal growth prior to adoption appeared to be as relevant as ELS group in predicting
lower cortisol activity in the years following adoption.

To examine whether growth delay at adoption influenced the group difference in PEP activity,
we recomputed the LMM analysis, now contrasting NA children with IA children with and
without severe adoption growth delay. Along with the significant effect of intercept reported
above (B = 10.87, p < .001), the results revealed that children with severe growth delay at
adoption had lower PEP (B = −.59, p < .01), while for those without severe adoption growth
delay this effect was a trend (B = −.46, p < .10). Overall, however, the pattern for the growth
delayed and non-growth delayed IA children was similar.

3. Discussion
The results provide little support for the argument that severe ELS permanently increases the
reactivity of the HPA axis in children, although as will be discussed, this conclusion should
be tempered by evidence that children of the age tested may not be highly reactive to the TSST-
C in general. In contrast, the results do yield evidence that moderate ELS may lower activity
of the HPA axis, and that children who manage to continue relatively normal growth in response
to conditions of severe ELS may also emerge from their early experiences with a similarly
down-regulated axis. Notably, results for the sympathetic nervous system revealed somewhat
opposite effects of ELS, with severe ELS being associated with heightened sympathetic tone
that was, if anything, more marked among children whose growth was severely delayed at the
time of adoption.

Because the results need to be interpreted within the context of the non-adopted children's
reactions to the TSST-C, we turn first to those data. The TSST-C has been used with children
as young as 7 years and is argued to be the most effective laboratory stressor task if the goal
is to activate the HPA axis (Dickerson and Kemeny, 2004). However, there is now evidence
that many typically developing, low-risk peri-adolescent children are relatively cortisol hypo-
responsive to a variety of laboratory stressor tasks, including the TSST-C. As in the present
study, children in this age group report being stressed during the TSST-C and showed marked
parasympathetic reactions; however, in two recent studies neither cortisol nor PEP reactions
have been observed (Gunnar et al., in press; Stroud et al., in press). Our results were consistent
with these findings. Of the NA children, 76% were assigned to three trajectories (Trajectories
1, 2 and 4) showing either no change or decreasing levels of cortisol in response to the stressor
test. This was true despite evidence these children were at home-baseline cortisol
concentrations when the TSST-C task was introduced. Consistent with both recent normative
development studies, age was a significant predictor of responsiveness to this task. Specifically,
being older at testing predicted membership in the only trajectory (Trajectory 5) that revealed
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a robust cortisol response. In previous work (Gunnar et al., in press; Stroud et al., in press),
pubertal development has been shown to predict increased cortisol responses to this and another
psychosocial stressor task. Notably, we found no group difference in pubertal status and few
children in any of the groups who were past the mid-point in pubertal staging. Thus, despite
the extant literature at the time we began this study (Kudielka et al., 2004), we may have chosen
to assess the impact of severe ELS on hyper-stress responsivity at a developmental period of
enhanced HPA hypo-responsiveness.

If it is true that this age period is characterized by relative cortisol hypo-responsiveness, then
the present findings indicate that severe ELS did not break through this pattern. There was no
evidence that the LA/PI children differed from NA children in trajectory membership. Even
when we considered the LA/PI children who were extremely growth delayed at adoption and
thus appeared to have either been exposed to or responded more severely to their prolonged
period of adverse early care, we did not find that these children differed in cortisol levels or
response from NA children. We did find evidence that these children had higher sympathetic
tone than did NA children; however, we found a similar trend among the EA/FC children and,
ignoring ELS group membership, among IA children who did not present with severe growth
delay at adoption. None of our covariates predicted sympathetic, or for that matter
parasympathetic, activity during the TSST-C. Thus, it might be that factors other than postnatal
care experiences were associated with this higher sympathetic tone among internationally
adopted children.

The present results are inconsistent with an earlier study of post-institutionalized Romanian
children (Gunnar et al., 2001). In that study, post-institutionalized children exhibited higher
overall levels than did children born and raised in their families of origin. There are a number
of differences in these two studies, however, that make it difficult to directly compare the
results. First, the earlier study involved cortisol assessments at wakeup, noon, and bedtime.
No measures were obtained in the late afternoon. Second, the earlier study involved home basal
cortisol levels, while that of the present study involved laboratory assessments. Third, because
prenatal alcohol exposure impacts the development of the HPA axis (for review, see Zhang et
al., 2005), we excluded children with frank facial features of fetal alcohol syndrome and those
whose low IQ might indicate significant exposure. This was not done in the earlier study
(Gunnar et al., 2001), which may be problematic because of the high expectation of maternal
drinking for children placed in institutional care in Russia and Eastern Europe (Gunnar et al.,
2000).

Of course, it is also possible that the effects of severe ELS were ameliorated by the care that
the LA/PI children experienced in their adoptive families. Although the animal models argue
for permanent impacts of ELS on stress reactivity and regulation, in fact the plasticity of stress-
sensitive neurobiological systems has not received much empirical attention in the animal
literature (Kaffman and Meaney, 2007). There is evidence that rats who have experienced lower
levels of licking and grooming as infants will displayed physiological and behavioral reactions
that are comparable to animals who experienced high levels of licking and grooming if, at
weaning, they are exposed for several weeks to an enriched environment (Francis et al.,
2002). There is also evidence that the hyper-fearfulness of isolation-reared juvenile monkeys
can be reduced if they are exposed to monkeys who are too young to be aggressive and, instead,
can act as therapists for the juvenile isolation-reared monkeys (Suomi and Harlow, 1972). Thus,
it is possible that the window for shaping the reactivity of stress neurobiology extends well
beyond the infancy period. If so, then this would have significant implications for intervention.

While it is hopeful to consider that the impact of severe ELS on stress neurobiology can be
ameliorated with time in a supportive family, it is also possible that by assessing these children
prior to the pubertal transition we have not observed the full impact of their early life
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experiences. Recent studies of children adopted from Romania have shown that while they did
not differ in internalizing problems from comparison children prior to adolescence, with the
pubertal transition the percentage of children with clinically significant emotional problems
increased markedly (Colvert et al., 2008). Thus it may be important to qualify these findings
by the developmental time point in which they were obtained.

In contrast to the LA/PI group, the EA/FC group did differ significantly from the NA children.
They were more likely to be in the lower cortisol trajectories, reflecting a lower set-point,
reduced responsiveness, or both. Notably, although we did not directly compare them (because
the LA/PI and NA children did not differ), the EA/FC children also appeared to have lower
cortisol activity than the LA/PI children. The present findings replicated previous findings
associating patterns of physical growth at adoption and later cortisol levels (Kertes et al.,
2008), although they suggest quite a different interpretation of those findings. The Kertes et
al. (2008) study did not include a non-adopted comparison group. In that study we noted that
IA children who exhibited greater growth delay at adoption had higher home-baseline cortisol
levels an average of 6–7 years post-adoption. More adverse pre-adoption care conditions
predicted growth delay and growth delay predicted cortisol levels. We interpreted these data
as evidence that pre-adoption care that was severe enough to impair normal patterns of physical
growth was also severe enough to produce an increase in the set point of the HPA axis.
However, the results of the present study clearly argue that our interpretation was in error.
Rather than predicting elevated cortisol levels, it seems that the capacity to maintain relatively
normal growth despite ELS exposure predicts lower levels of cortisol activity.

The findings for the EA/FC or moderate ELS group are highly consistent with the rodent early
handling work and work by Lyons and colleagues on repeated separation in infant squirrel
monkeys (Parker et al., 2006). Furthermore, the fact that the impact of severe ELS appears to
depend on the child's ability or inability to sustain relatively typical growth patterns is
consistent with recent studies of healthy (and thus by definition resilient) adults with ELS
histories (e.g., Elzinga et al., 2008). What is not clear is whether diminished HPA activity is a
consequence or a cause of resilience. We can find evidence for both hypotheses in our data.
EA/FC children were less impaired in growth at adoption and also showed diminished cortisol
activity in response to the TSST-C. Because ending up in foster care with early adoption or an
institution with later adoption was likely due in large part to where the children were born and
not to any other personal characteristics, this suggests that assignment to moderate (EA/FC)
ELS conditions caused a reduction in cortisol activity. Of course, we cannot determine whether
it was the shorter duration or the nature of the care conditions (foster vs. institution) that
predicted this outcome. On the other hand, among the LA/PI children, relatively normal
physical growth prior to adoption was a strong predictor of low cortisol activity. While it is
possible that LA/PI children who grew relatively normally were subjected to less adversity,
we found no evidence of less adversity in terms of briefer exposure, as LA/PI children with
and without severe growth failure were comparable in duration of institutionalization, age at
adoption, and the region of the world from which they were adopted. This finding, then,
suggests the importance of personal characteristics, among which we cannot rule out the
possibility of an inherently less active HPA axis.

Others with data similar to that reported here have interpreted diminished cortisol activity for
individuals who self-reported more ELS as evidence of impaired HPA axis functioning
(Carpenter et al., 2007). That is, they interpreted their findings as evidence of hypo-cortisolism.
We cannot rule out that interpretation. However, if the reduced HPA axis activity associated
with the EA/FC group and the LA/PI children without growth delay does reflect impairment
in the axis and thus heightened vulnerability to stressors, it will be important to determine why
we observed this for moderate and not severe ELS, and for the severe ELS children with less

Gunnar et al. Page 12

Psychoneuroendocrinology. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



growth impairment than for the ones with severe growth impairment. Indeed, the present data
would argue for diminished cortisol levels as a reflection of resilience rather than vulnerability.

3.1. Limitations
There are a number of limitations to this study, most of which derive from not being able to
randomly assign children to groups. Indeed, this is the challenge of translating the animal ELS
studies into human development. Experiments of nature are not true experiments. Accordingly,
even though we argue that country-of-origin rather than child factors account for group
membership, this was only the case when considering one IA group versus the other. Such an
argument does not address the many factors that vary uncontrollably between the adopted
children and the non-adopted comparison children. Notably, it is very likely that prenatal
conditions differed for the NA compared to the two internationally adopted groups. Indeed,
for the children with birth weight data, birth weight was much higher in the NA group than in
the EA/FC or LA/PI groups.

Second, while we can have a general idea of the conditions to which the children in each group
were exposed prior to adoption, we lack specific information that would allow us to determine
the unique conditions for each child. Certainly, foster families differ and some may have
provided severely adverse care, while institutions differ and some may have provided relatively
supportive care. Unfortunately, it is very difficult to obtain reliable information on pre-adoption
care in the type of heterogeneous sample we studied. Prospective studies examining children
in their care conditions prior to adoption and following them afterwards are required to address
this issue.

Finally, in many ways it would have been preferable to have two groups, either foster care or
institutional care, who differed in terms of early versus late adoption. With such a sample,
moderate and severe ELS could have been defined by duration of exposure, holding type of
care relatively constant. The problem, as noted earlier, is that most children adopted from
countries that use foster care are released for adoption at younger ages than are children adopted
from countries using institutional care. Foster care and institutional care differ in many ways
beyond those that might be ranked on scales of stress severity. We cannot rule out the possibility
these differences rather than stressor severity affected our results.

3.2. Implications
The implications of this study are largely hopeful. Despite the large body of animal literature
indicating that early exposure to depriving, neglectful conditions produces a hyper-responsive
stress and fear system that should increase the risk of affective psychopathology and drug
addiction, our results yield no evidence of this for children who are removed from such
condition in infancy and early childhood. They raise the possibility that the ELS hypothesis of
risk for later psychopathology mediated by relatively permanent impacts on stress
neurobiology should be revisited (Heim et al., 2004). If the stress system is more plastic for
longer periods of time, then early intervention may have significant impacts on whether early
stress exposure is carried forward into heightened risk for adult morbidity and mortality
(Gunnar and Fisher, 2006). The present results also should lead us to revisit questions about
early stress exposure and resilience. The animal literature provides strong support for the
possibility that early life experiences that are highly protective and/or extremely low in stressor
exposure may not yield the most stress resilient animal (e.g., Lyons and Parker, 2007). In the
human literature, there is also evidence that being extremely protected may increase the
likelihood that behavioral inhibition in infancy is carried forward to extreme shyness in
preschool and older children (Rubin, 2002). Thus, it may be that children exposed to some
degree of adversity early in life develop stress systems that are somewhat hardened against
later stressor exposure. Because we have been so focused on the negative impacts of early
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stressor exposure, we know too little about when, whether, for whom, and for which systems
ELS exposure might increase resilience. Nor do we have much understanding of whether there
are costs to such resilience. Broadening our examination of the impact of early adversity to
include these questions should provide a fuller understanding of the sequelae of early life stress.
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Figure 1.
Cortisol response trajectories using group-based trajectory modeling. Percentage of trajectory
membership indicated. Shaded area indicates the TSST-C stressor task period.

Gunnar et al. Page 19

Psychoneuroendocrinology. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
PEP response (in ms) by ELS group. Bars reflect standard error of the mean (S.E.M.s). Shaded
area indicates the TSST-C stressor task period.
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Figure 3.
VT response (in ms2) by ELS group. Bars reflect standard error of the mean (S.E.M.s). Shaded
area indicates the TSST-C stressor task period.
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Table 1
Family socioeconomic measures and child growth, puberty, and psychiatric diagnoses

LA/PI EA/FC NA

Median family income (thousands) 75–100 75–100 75–100

Median paternal education College graduate College graduate College graduate

Median maternal education College graduate College graduate College graduate

Standardized weight

     At birth −1.68 (1.1) −1.07 (1.1) −0.14 (1.0)

     At adoption −2.13 (2.0) −0.57 (1.6) NA

     At testing −.39 (1.0) 0.24 (1.2) 0.26 (1.0)

Standardized height

     At adoption −2.1 (1.9) −0.49 (1.3) NA

     At testing −0.27 (1.3) −0.03 (0.9) .59 (1.0)

Mean puberty score (range 1–4) 2.1 (0.9) 2.1 (0.9) 1.9 (0.6)

%Psychiatric diagnosis 24 14 8

%ADD/ADHD 19 14 5

Note. LA/PI: late adopted/post-institutionalized; EA/FC: early adopted/foster care; NA: non-adopted. Numbers in parentheses are standard deviations.
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Table 5
Linear mixed model for PEP and VT (N = 124)

Variable B S.E. B

Pre-ejection period

     Intercept 10.88 *** .21

     EA/FC vs. NA −.41+ .24

     LA/PI vs. NA −.55 * .25

     Linear .02 .04

Vagal tone

     Intercept 6.70 *** .17

     EA/FC vs. NA −.26 .23

     LA/PI vs. NA .22 .24

     Linear −.22 *** .06

     EA/FC × linear −.02 .04

     LA/PI × linear −.08+ .04

     Quadratic .11 *** .02

Note. LA/PI: late adopted/post-institutionalized; EA/FC: early adopted/foster care; NA: non-adopted.

+
p < .10

*
p < .05

***
p < .001.
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