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Abstract

Exposure to early psychosocial deprivation as a result of institutional care disrupts typical brain
development. The Bucharest Early Intervention Project (BEIP) is the first longitudinal study to
investigate the neurodevelopment of institutionalized infants randomized to a foster care (FCG)
intervention versus care as usual (CAUG). Here, we present findings from a follow-up assessment
of brain electrical activity as indexed by resting EEG at age 16 years. In addition, we examined the
effects of disruption of foster care placement, (e.g. the number of moves among foster care
placements), on brain electrical activity. Resting-state EEG was collected from 48 CAUG, 46 FCG
and 48 never institutionalized (NIG) control participants. Absolute (u\V2) and relative (proportion)
power were computed from eyes closed, resting EEG data for theta, alpha, and beta frequency
bands. The CAUG displayed higher relative theta and lower relative alpha power compared to the
FCG at age 16 years. The FCG showed brain activity comparable to the NIG. The results further
showed that disruptions following the original foster care placement had an adverse effect on brain
electrical activity. Within the foster care group, there were no effects of age of placement on EEG
power. Placement of children who have experienced early institutional rearing into stable foster
care settings ensures long-term improvement in brain functioning.
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Introduction

Throughout the world, a large number of abandoned and orphaned children live in
institutions. Although the quality of care varies among and within these settings, many
institutions do not provide typical environments necessary for healthy human development
(Mason & Narad, 2005; Nelson et al., 2007). Given the challenge of meeting the needs of
young children at many levels, institutions, even in the best circumstances, are characterized
by suboptimal rearing environments and psychosocial deprivation (Gunnar, Bruce, &
Grotevant, 2000; Nelson, 2007). Institutions often have a high child-to-caregiver ratio, strict
regimented schedules, a lack of sensitivity to children’s need, and inadequate linguistic,
cognitive, and sensory stimulation (Nelson, 2007). Studies suggest that exposure to severe
early psychosocial deprivation results in long-term detrimental effects across various
developmental domains, including reduced physical growth, lower 1Q, poor executive skills,
emotion dysregulation, elevated symptoms of attention-related disorders, and altered brain
structure and function (Beckett et al., 2006; McLaughlin et al., 2010; Smyke et al., 2007).

The deleterious developmental effects across multiple domains in institutionalized children
might be shaped by disrupted or perturbed brain development. Some neuroimaging studies
have shown that early institutional deprivation alters the typical development of brain
structure and function (Behen et al., 2009; Chugani et al., 2001; Eluvathingal et al., 2006;
Mehta et al., 2009). For example, studies using diffusion tensor imaging (DTI) found
decreased white matter brain connectivity of the uncinate fasciculus (Eluvathingal et al.,
2006) in children exposed to early institutional deprivation compared to children reared in
families. Also, structural MRI studies have shown a significant reduction of grey matter
volume in the prefrontal cortex, hippocampus (Hodel et al., 2015) and cerebellum (Bauer,
Hanson, Pierson, Davidson, & Pollak, 2009) in children with a history of institutional
rearing compared to children raised with their biological families. However, none of the
neuroimaging studies other than the Bucharest Early Intervention Project (BEIP) have
examined the long-term effects on brain development as a result of prolong institutional care
and early foster care intervention among previously institutionalized children. The unique
aspect of the BEIP study is that it is a randomized control trial and thereby has the ability to
experimentally examine the impact and placement timing of a foster care intervention on
brain development among previously institutionalized children as well as the impact of an
extended institutional care.

The BEIP study is the only randomized control trial of foster care as an alternative to
institutional care for previously institutionalized children (Zeanah et al., 2003). The BEIP
follows a group of institutionalized infants who either received care as usual (CAUG) or
were randomized to high quality foster care (FCG), and a group of demographically
matched never institutionalized group (NIG) of comparison children. This study aimed to
investigate the physical, psychological and neural development related to institutional care,
as well as the effects of foster care intervention beginning early in life (Zeanah et al., 2003).

Previous findings from the BEIP have shown profound detrimental effects of institutional
care and improvement because of foster care intervention on brain development. At the
baseline assessment of resting EEG power at age 22 months, institutionalized children
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showed a higher proportion of theta power and a lower proportion of alpha and beta power
compared to a never institutionalized control group (Marshall, Fox, & BEIP Core Group,
2004). This pattern of reduced higher frequency power (typically in the alpha range)
combined with elevated lower frequency power (e.g., in the delta and theta ranges) has been
associated with ADHD, learning disorders, disruptive behavior disorders, and psychosocial
risk factors, which are prevalent among children exposed to early institutional rearing
(Barry, Clarke, & Johnstone, 2003; Chabot, di Michele, & Prichep, 2005; McLaughlin et al.,
2010; Otero, Pliego-Rivero, Fernandez, & Ricardo, 2003). After foster care placement, when
children were 54 months old, there was a trend for a positive effect of the foster care
placement intervention, with earlier age of placement associated with increased alpha power
(Marshall, Reeb, Fox, Nelson, & Zeanah, 2008). The impact of foster care and the timing of
intervention were clearly evident when the participants were examined at age 8 years, as
earlier foster care placement was associated with greater alpha power. The 8-year
assessment further showed that children randomized to foster care before 24 months of age
displayed identical alpha activity to the NIG, whereas children placed into foster care after
24 months were indistinguishable from the CAUG (Vanderwert, Marshall, Nelson, Zeanah,
& Fox, 2010). The positive effects of the foster care intervention remained at age 12 years,
as the FCG continued to show decreased theta power and increased alpha power compared
to CAUG,; alpha power of the FCG and NIG were comparable, whereas the CAUG
continued to display a higher proportion of theta power compared to the other groups
(Vanderwert, Zeanah, Fox, & Nelson, 2016).

In the current study, we examine data from follow-up measures of resting-state EEG in the
BEIP at 16 years of age. The main goal of this study was to examine the continuous effect of
foster care intervention on brain activity in children removed from institutions and placed
into foster care in infancy. Our primary hypothesis was that the intervention effect, as
evidenced in lower theta and higher alpha power at age 12 in the FCG compared the CAUG,
would persist through age 16, the current assessment. Our previous report at age 12 showed
that the EEG power of the FCG and NIG were comparable. As such, we expected no
statistically significant differences of EEG power between the FCG and the NIG in the
current assessment. At 8 years (Vanderwert et al., 2010), we showed earlier placement into
foster care resulted in greater alpha power. However, in the 12 years assessment (Vanderwert
et al., 2016), the timing effect in the foster care had waned (i.e., no longer statistically
significant). Nevertheless, given the possibility of “sleeper effects” (Mauer, Mondloch, &
Lewis, 2007) we examined whether placement timing (i.e., age at original placement into
foster care) played a role in recovery.

We also wanted to assess the effects of disruptions in foster care placement on brain activity.
Across several recent papers we have observed that children who experienced multiple
placement disruptions showed less recovery than those experiencing fewer placement
disruptions (Almas et al., 2018; Fox, Almas, Degnan, Nelson, & Zeanah, 2011; Humphreys
et al., 2015). Children living in foster care often experience disruption or instability in the
caregiving environment. The disruption can include moves among foster care placements or
reunification with biological family (Almas et al., 2018). Caregiver disruptions have been
associated with decreases in 1Q and higher rates of psychopathology including increased
internalizing disorders, externalizing disorders and attention-deficit hyperactivity disorder
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(ADHD) in the BEIP cohort (Almas et al., 2018; Fox, Almas, Degnan, Nelson, & Zeanah,
2011; Humphreys et al., 2015), as well as adverse behavioral and academic outcomes in
other groups of children in foster care (Newton, Litrownik, & Landsverk, 2000; Rubin,
O’Reilly, Luan, & Localio, 2007). However, no studies to date have examined whether
disruptions in the caregiving environment influences brain function among post-
institutionalized children. Hence, the effect of placement disruptions on the neuronal
outcome is not known. We hypothesized that more caregiver disruptions would result in
reduced alpha and increased theta power.

At the inception of the BEIP study, 187 infants and young children were initially assessed
from six institutions in Bucharest, Romania. 51 infants were excluded for serious medical
and genetic disorders, resulting in 136 institutionalized infants selected for the study (for
details about the trial design and participant selection see Zeanah et al., 2003). At baseline,
the age of these institutionalized infants ranged from 6 to 31 months and had spent more
than half of their life in institutions care at the time of recruitment for the study. After
baseline assessment, 68 infants remained in institutions receiving care as usual (CAUG) and
68 infants were randomized to foster care (FCG). The mean age of placement into foster
care was 22.63 months (range = 6.81 to 33.01 months). An age- and gender-matched group
of 72 typically developing children who never spent time in institutions (NIG) were also
recruited at baseline assessment.

At the 16-year assessment, resting-state EEG was collected from 48 CAUG (22 female; M
age= 16.68, SD=.54), 46 FCG (23 female; M age= 16.75, SD=.62) and 48 NIG (30 female;
M age= 17.03, SD= .55) participants. After preprocessing of EEG data, 4 participants were
excluded from the analysis because they had too few (< 60) artifact free epochs (CAUG: n=
1, FCG: n =1, NIG: n = 2). Of the original sample, 20 CAUG, 22 FCG and 24 NIG
participants were not available for the 16-year assessment.

Over the years since of the inception of the BEIP study, Romania has undergone a number
of cultural, political and policy changes, which led to the formation of a public foster care
program to reduce the number of children living in institutions. As a result of these policies,
many of the CAUG and FCG children from BEIP study were removed from institutions or
the BEIP project’s foster care and placed into government foster care or reunited with their
biological families. Although many of the CAUG and FCG children were no longer in their
randomized placements at age 16, we adopted an intent-to-treat approach for the data
presented in this paper. The intent-to-treat approach considers each participant as an affiliate
to the initial randomly assigned group and allows direct assessment of foster care
intervention by comparing the intervention (FCG) and institutionalized (CAUG) groups.

The University Institutional Review Boards of the principal investigators (Fox, Nelson &
Zeanah) and of the University of Bucharest, Romania approved the 16-year study protocol.
Informed consent was obtained from each subject for participation in the study.
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EEG recording and analysis

EEG was recorded while the participants sat quietly in a chair using a 64-channel HydroCel
Geodesic Sensor Net and a NetAmps 300 amplifier (Electrical Geodesics, Inc., Eugene,
OR). The vertex (Cz) electrode was used as online reference. EEG data were sampled at
500Hz and impedances were kept below 50 kQ. The resting EEG was recorded for 6
minutes, alternating 1 minute of eyes open and eyes closed. During the eyes open condition,
the subjects were instructed to fixate on a small white cross on the center of a computer
screen.

EEG data were exported to a Matlab (Mathworks, Natick, MA) compatible format using Net
Station software for offline processing with EEGLAB toolbox (Delorme and Makeig, 2004)
and Matlab scripts. EEG data were down sampled to 250Hz and bandpass filtered (0.3 to
40Hz). Artifact-laden channels were identified and removed using the EEGLAB plug-in
FASTER (Nolan et al., 2010). To further remove ocular artifacts and generic noise,
independent component analysis (ICA) was performed on continuous EEG data. Artifactual
independent components (1Cs) were identified and removed from the data using the
ADJUST plugin (Mognon et al., 2011) of EEGLAB and by visual inspection of individual
ICs. EEG data were then segmented into 2 sec epochs with 1 sec (50%) overlap for both
eyes open and eyes closed conditions. Epochs containing artifact were removed from the
analysis using a voltage threshold (£150uV) rejection. After artifact rejection, missing
channels were interpolated using spherical interpolation and epoched data were re-
referenced to an average of all channels. Across all participants, on average 2.39 channels
were interpolated (M. 2.39, STD. 1.01, range 1-5). After preprocessing, participants with
less than 60 artifact-free epochs were excluded from further spectral power analysis.

Spectral power computation

The artifact-free epoched data were spectrally analyzed using a Fast Fourier transform (FFT)
with a 2 sec Hanning window. Spectral power (uV2) was computed in the eyes closed
condition for theta (4—7 Hz), alpha (8-13 Hz), and beta (14-25 Hz) frequency band. The
eyes closed condition was analyzed as EEG power is stronger when eyes are closed in a
resting condition (Barry, Clarke, Johnstone, & Brown, 2009; Barry, Clarke, Johnstone,
Magee, & Rushby, 2007). For each frequency band, we computed both absolute and relative
power. Absolute power was computed by taking the natural logarithm of spectral power in
each frequency band. Absolute power reflects the total energy intensity of a certain brain
region as measured by scalp electrodes at different frequencies (Machado et al., 2007).
Relative power is a measure of how much a particular frequency band contributes to the total
power at a given scalp site and is computed as the proportion of power in a specific
frequency band relative to the total power in the EEG power spectrum (Marshall, Fox, &
Group, 2004). For a given scalp electrode, EEG power can be measured as absolute or
relative power and their relative merit as a representation of EEG band power has been
debated in the context of brain maturation (Somsen, van’t Klooster, van der Molen, van
Leeuwen, & Licht, 1997). Since relative power values are proportion scores, an increase or
decrease in absolute power in one frequency band affects the relative power in other bands.
Thus, relative power reduces the individual differences in the magnitude of absolute power,
which results largely from interindividual variation in anatomical factors such as skull
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thickness (Marshall et al., 2004; Marshall, Reeb, Fox, Nelson, & Zeanah, 2008). Moreover,
because of higher test-retest reliability, relative power is considered as a more reliable
measure of EEG power than absolute power (Fernandez et al., 1993). However, because of
the relative merit of both metrics, the previous assessment from BEIP study reported both
absolute as well as relative power and current study adopted this approach. Relative power
was computed as the proportion of power in each frequency band at a given electrode site
relative to the total power (4-25 Hz) at that electrode site. The absolute and relative power in
each frequency band was averaged over clusters of electrodes overlying approximately the
left and right frontal (F3, F4), central (C3, C4), parietal (P3, P4) and occipital (O1, O2) scalp
sites according to the international 10/20 system (Figure. 1).

Statistical analysis approach

In order to test our primary hypothesis that there was an intervention effect, we adopted the
intent-to-treat analysis approach and first directly compared the spectral power between
FCG and CAUG separately for each frequency band. We performed separate mixed-design
analysis of variance (mixed-ANOVA) for each frequency band of absolute and relative
power with Region (frontal, central, parietal, occipital) and Hemisphere (left, right) as
within-subject factors, and Group (CAUG, FCG) as the between-subjects factor.
Greenhouse—Geisser correction was applied for violations of sphericity. Post-hoc
comparisons were performed for a significant main effect of Group. Independent samples t-
test was used for decomposing interactions involving Group. Any main and interaction
effects not involving Group were not followed-up. Bonferroni correction was applied for all
post-hoc comparisons.

We then examined whether the spectral power of the two intervention groups (FCG, CAUG)
was comparable with the never institutionalized control (NIG) participants. As the intent-to-
treat analysis did not show any interaction involving Group, we computed average power of
all electrode clusters across scalp for comparison with the NIG. We performed separate one-
way ANOVA for absolute and relative power in each frequency band with averaged spectral
power as the dependent variable and three groups (CAUG, FCG, NIG) as the between-
subjects variable.

We next explored the effect of timing of foster care placement on brain electrical activity
within the FCG. We performed a series of Pearson correlations between averaged spectral
power of each frequency band with the age at foster care placement. To further probe
whether there is a timing threshold linked to foster care placement, we adopted an approach
described in previous BEIP studies (Nelson et al., 2007; Vanderwert, Marshall, lii, Zeanah,
& Fox, 2010). We split the FCG group into those placed into foster care before 24 months
(N=20) and those after 24 months (N=22) of age and performed independent samples t-test
to assess the group differences.

Finally, we examined the effect of placement disruption on EEG power in each frequency
band for both absolute and relative power. We performed a series of Pearson correlations
between spectral power averaged across all electrode clusters in each frequency band with
the number of disruptions in foster care placement.
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Results

Intent-to-treat analysis

Following the intent-to-treat analysis approach, first we directly compared the spectral
power between FCG and CAUG separately for each frequency band.

Absolute power

The intent-to-treat analysis did not reveal significant main effects or interactions involving
group (FCG and CAUG) for absolute power in theta (4-7 Hz), alpha (8-13 Hz) or beta (14—
25 Hz) frequency bands (Figure. 2).

Relative power

Examination of relative alpha (8—-13 Hz) power showed a significant main effect of Group
(F(1,90) = 6.972, p = .010). Follow-up comparisons revealed that the FCG (M = .588, SE =..
016) had greater relative alpha power than the CAUG (M = .530, SE = .015) (Figure. 3).
There were also main effects of Region (F(2.274, 204.697) = 32.070, p < .001) and
Hemisphere (F(1,90) = 4.633, p = .034). There were no interaction effects involving Group.
Similar analysis for relative beta (14-25 Hz) power did not show a significant main effect of
Group (F(1,90) = .644, p = .424) (Figure. 3) or interactions involving Group. The
examination of intervention effects in the relative theta (4-7 Hz) power revealed a significant
main effect of Group (F(1,90) = 7.385, p =.008). Follow-up comparisons showed that the
CAUG (M = .369, SE =.013) had greater relative theta power compared to the FCG (M =.
318, SE =.013) (Figure. 3). The ANOVA revealed a main effect of Region (F(2.144,
192.964) = 80.232, p < .001) and Hemisphere (F(1,90) = 4.495, p = .037). There was no
interaction involving Group.

Institutional care and foster care compared to typically developing children

We examined whether the spectral power of the two intervention groups (FCG, CAUG) was
comparable with the never institutionalized control (NIG) participants.

Absolute power

The comparison of three groups did not show a main effect of Group for absolute power in
any frequency band (Figure. 2).

Relative power

The comparison of relative alpha power (Figure. 3) revealed a significant main effect of
Group (F(2,135) = 5.051, p = .008). Post hoc comparison showed that compared to CAUG
(M =530, SE =.018), the NIG (M =.585, SE =.013, p = .024) had significantly greater
relative alpha power. There was no difference between NIG and FCG (M = .588, SE = .013,
p = 1.000). The three group analysis of relative beta power (Figure. 3) did not reveal a main
effect of Group (F(2,135) = .558, p = .574). The three group analysis for relative theta power
(Figure. 3) revealed a main effect of Group (F(2,135) = 5.950, p = .003). Post hoc analysis
showed that CAUG (M = .369, SE =.016, p = .007) had significantly greater relative theta

Dev Sci. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Debnath et al. Page 8

power compared to the NIG (M =.312, SE =.012). There was no difference between NIG
and FCG (M =.318, SE =.012, p=1.000).

Timing effects

As we observed at age 12, no significant correlations were found between age at foster care
placement and spectral power in any frequency band for either absolute or relative power (all
p > .05). Likewise, there was no significant difference between the the FCG children placed
into foster care before and after 24 months of age (FCG<24M, FCG>24M) for either
absolute or relative power in any frequency band.

Effect of disruption of placement

There were no significant correlations between the disruption of foster care placement and
absolute power in any frequency band. However, examination of relative power revealed
significant relations with disruptions of foster care placement. The disruption of foster care
placement was significantly related to relative alpha power (/(45) = —.329, p=.028), such
that more disruptions were associated with lower alpha power (Figure. 4). However, there
was no significant correlation between relative beta power and the placement disruption
(n(45) = .127, p=.404). There also was a significant correlation between the number of
placement disruptions and relative theta power (/(45) = .303, p=.043), such that more
disruptions were associated with greater theta power (Figure. 4).

Discussion:

Previous findings from BEIP have shown that early placement of young institutionalized
children into high quality foster care normalized the pattern of EEG power to be comparable
to typically developing never institutionalized children. In this 16-year follow-up study, we
examined the continuing effect of foster care placement on brain activity in institutionalized
children placed into foster care. The results demonstrated the continuous positive effects of
the foster care intervention. The foster care group (FCG) showed greater alpha and lower
theta power than those who received care as usual (CAUG) as was found at 12-year
assessment. The FCG showed comparable power with the NIG whereas the CAUG showed
an immature pattern of brain activity with lower power in alpha and higher power in theta
frequency band compared to both the FCG and NIG. Similar to age 12, we found no effect
of timing of foster placement in early childhood on brain activity at age 16. While the FCG
as a group was not different from NIG, those who experienced more caregiving disruptions
had less alpha and higher theta power a pattern of brain activity pattern similar to that
observed in the CAUG. Altogether the present findings suggest that high-quality foster care
and a stable caregiving environment are essential for long-term optimal brain functioning of
previously institutionalized children.

Reduced alpha power and elevated theta power suggest a deficit in cortical maturation in
CAUG group. This pattern of immature neuronal activity, characterized by greater power in
the slower frequency band combined with reduced power in a faster frequency, has been
observed in children reared in social isolation and deprivation (Gendreau, Freedman, Wilde,
& Scott, 1972; Zubek, Welch, & Saunders, 1963), extreme stress (Montes, Alcantara,
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Cedefio, Garcia, & Rojas, 2015), poor environmental stimulation (Otero, 1994, 1997) and
adverse family environment (Bick, Palmwood, Zajac, Simons, & Dozier, 2018). Bick et al.
(2018) examined the relations between early family adversity and brain electrical activity
and found that early family adversity was associated with greater power in theta frequency
band and lower power in alpha frequency band in middle childhood. The immature cortical
activity may be the result of deficits in the structural and functional development of the
brain. Previous studies have reported that institutional rearing and adversity in early life lead
to a reduction in cortical thickness (Kelly et al., 2013; McLaughlin et al., 2014), decreased
white matter volume (Sheridan, Fox, Zeanah, McLaughlin, & Nelson, 2012) and white
matter connectivity (Tendolkar, Martensson, Kiihn, Klumpers, & Fernandez, 2018).
Sheridan et al. (2012) used structural MRI to examine brain structure and function in the
CAUG, FCG and NIG from the BEIP cohort between the ages of 8 and 11 years. They found
that the cortical white matter was no different for the FCG than the NIG but was
significantly smaller for the CAUG children. In the present study, the atypical brain activity
of the CAUG might reflect continued deficits in the structural and functional development of
the brain of this group.

The findings of the current 16-year follow-up study converge with the effect of the foster
care intervention that was reported at the 12-year assessment (Vanderwert et al., 2016). At
age 12, the FCG showed comparable brain activity with the NIG in all frequency bands in
both absolute and relative power (Vanderwert et al., 2016). The FCG and NIG displayed
comparable brain activity in the current 16-year assessment in all frequency bands of
absolute and relative power. Also, at both age 12 and now 16, in the more fine grained
analysis of differences based on timing of placement into foster care, there were no
associations between the age at placement and EEG power. But since the oldest children in
the study were randomized at 31 months of age, the differences in EEG power between the
FCG and CAUG are strong evidence for the importance of altering early trajectories.
Together these findings suggest that early intervention and continued high quality care can
improve and normalize the cortical activity of individuals who have experienced severe early
psychosocial deprivation. Our findings are consistent with a number of studies that have
shown that early intervention altered and normalized neural activity of deprived children
(Bick et al., 2018; Raine et al., 2001).

Of note, researchers have consistently reported the adverse effects of placement disruptions
on behavioral (Rubin et al., 2007), socio-emotional (Lewis, Dozier, Ackerman, &
Sepulveda-Kozakowski, 2007), physical (Johnson et al., 2018), and cognitive development
(Almas et al., 2018) for children living in foster care. Almas et al. (2018) examined the
impact of disruptions in caregiving on cognitive, behavioral, and social outcomes at age 12
in the BEIP cohort and found that caregiving disruptions predicted increases in externalizing
and internalizing behavior problems, even after controlling for internalizing and
externalizing problems in early childhood. In this study, we examined the effect of
disruption of foster care placement on neural activity of the brain. Our result showed a clear
association between placement disruptions and brain activity in children who received foster
care intervention. A higher number of disruptions was associated with increased relative
theta power and decreased relative alpha power, a pattern of brain activation often observed
in children living in impoverished environments (Bick et al., 2018) and in the CAUG. On the
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other hand, fewer disruptions were associated with decreased relative theta power and
increased relative alpha power, a pattern typically observed in never institutionalized
children (Marshall et al., 2004; Vanderwert et al., 2016). While our results do not indicate a
causal connection between caregiver disruptions and brain development, they do illustrate
the benefits of a stable high-quality foster care intervention for children who have
experienced early institutional rearing. Given that caregiver disruptions are common, these
findings along with those reported by others have significant implications on social policy to
ensure stable foster care placements and healthy development of previously institutionalized
children.

In summary, the current study demonstrates the long-term impacts of institutionalization and
early foster care intervention on brain function. At 16 years, the children placed into foster
care showed the pattern of brain activation, which is comparable to never institutionalized
children whereas the children who remained in the institution showed immature brain
activation. Our findings demonstrate the long-term positive effects of early foster care
intervention as an alternative to institution rearing. In addition, this study reveals new
information about the effect of disruption of foster care placement on brain activity. Our
results suggest that disruption of placement is detrimental for children who are living in
foster care. Together the present findings suggest that early foster care intervention and
stability of placement can alter the brain function and yield long-term improvements in
neural activity for children living in institutions.
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Highlights
Children with a history of institutionalization, placed into foster care, showed
normative pattern of brain activation at age 16 years.
The children who remained in institutions showed immature brain activation.

Disruption of placement is detrimental for children who are living in foster
care.

Early placement in foster care and stability of placement can improve brain
function and yield long term improvements in brain activity for children
living in institutions.
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Figure. 1.
Example of the 64-channel EEG net with electrode clusters highlighted in color. Electrode

clusters, from top to bottom, for Frontal, Central, Parietal, and Occipital scalp locations.
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B CAUG
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Beta (14-25 Hz)

Mean absolute power (UV?2) in theta, alpha and beta frequency band for the care-as-usual
group (CAUG), foster care group (FCG) and never-institutionalized group (NIG). Error bars

indicate +/— 2 standard error.
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Figure. 3.

Mean relative power (top) in theta, alpha and beta frequency band for the care-as-usual
group (CAUG), foster care group (FCG) and never-institutionalized group (NIG). Error bars
indicate +/- 2 standard error. * p < .05. Topographic maps (bottom) display distribution of
relative theta and alpha power across the scalp for the CAUG, FCG and NIG.
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Figure. 4.
Scatterplots showing 16-year relative power in theta, alpha and beta band against number of

disruptions of placement from birth to age 16 years for foster care group. The Pearson
correlation coefficients for the relation between placement disruption and EEG power are
also shown. * p < .05.
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