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ABSTRACT
Severe psychosocial deprivation in early childhood experienced by institutionally reared children changes the course of structural
brain development. Evidence from the Bucharest Early Intervention Project (BEIP) has demonstrated a causal association
of random assignment to high-quality foster care intervention in early childhood with remediation of adolescent structural
brain development. To date, however, caregiving quality has not been examined as a mechanism contributing to these
neurodevelopmental changes. Moreover, further delineating the effects of developmental timing of high-quality caregiving
experiences on neural development is critical to inform intervention for early psychosocial deprivation. In the present study, early
childhood caregiving quality was examined as a mechanism underlying foster care intervention and adolescent brain structure
among ever-institutionalized youth in the BEIP. Additionally, we examined the effect of the developmental timing of high-quality
caregiving experiences across development on adolescent brain structure in both ever- and never-institutionalized youth. In
Analysis 1, we observed a significant indirect effect of high caregiving quality following random assignment to the foster care
intervention on cortical thickness in the left inferior frontal gyrus and surface area in the right lateral occipital cortex at Age 16.
In Analysis 2, the earliest caregiving experiences were uniquely and consistently associated with adolescent cortical thickness.
However, high-quality caregiving experiences across childhood and adolescence were associated with adolescent cortical surface
area in distinct regions. Taken together, findings suggest that high-quality caregiving experiences across development, but
especially in early childhood, can influence adolescent cortical structure even when accounting for experiences of caregiving
adversity.
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Summary
∙ Greater early childhood caregiving quality mediated the
association of random assignment to foster care inter-
vention and thinner left inferior frontal gyrus among
ever-institutionalized adolescents.

∙ The earliest caregiving experiences were uniquely and
consistently associated with adolescent cortical thickness
outcomes in the lateral prefrontal, temporal, and lateral
occipital cortices.

∙ Greater caregiving quality across childhood and adoles-
cence was associated with greater cortical surface area in
distinct regions of the frontoparietal network and lateral
occipital cortex.

∙ Taken together, findings support that high-quality care-
giving experiences across development, but particularly
in early childhood, influence adolescent cortical structure
outcomes.

1 Introduction

Children reared in institutional settings (i.e., orphanages) are
susceptible to long-term impairments across cognitive (Almas
et al. 2016; Beckett et al. 2007; Bick et al. 2018; Bos et al. 2009;
Colvert et al. 2008; Fox et al. 2011; Hostinar et al. 2012; Humphreys
et al. 2020; Humphreys et al. 2022; Nelson et al. 2007; Wade et al.
2019) and socioemotional (Humphreys et al. 2015; Humphreys
et al. 2020; McLaughlin et al. 2015; Wade et al. 2020) domains
as a function of prolonged exposure to institutionalization (King
et al. 2023). Identifying the mechanisms linking institutional
rearing to these outcomes is imperative for clarifying potential
points of intervention for children exposed to a variety of adverse
early caregiving experiences. Evidence from the Bucharest Early
Intervention Project (BEIP) demonstrates that institutional set-
tings restrict children’s interactions with caregivers resulting in
severe psychosocial deprivation (Smyke et al. 2007). This lack
of consistent and responsive caregiving experiences may become
biologically embedded via alterations to typical trajectories of
structural brain development during periods of heightened neu-
robiological sensitivity to environmental experience (Nelson et al.
2023), which may, in turn, underly the pervasive impairments
observed in institutionally reared youth (Humphreys and Zeanah
2015; McLaughlin et al. 2017; Sheridan et al. 2010).

Altered lateral prefrontal cortex, anterior cingulate cortex (ACC),
and temporal pole structure from adolescence to early adulthood
have been observed as a function of exposure to early child-
hood institutionalization (Hodel et al. 2015; Mackes et al. 2020;
Sheridan et al. 2022). In the BEIP, removal from institutional
care and placement in high-quality foster care is associated
with a thinner cortex in the left caudal ACC and left inferior
frontal gyrus (IFG) in adolescence as well as steeper, more
normative trajectories of cortical thinning (Sheridan et al. 2022),
demonstrating the potential of caregiving intervention in early
childhood to remediate the neurodevelopmental effects of severe
psychosocial deprivation. To date, however, caregiving quality has
not been examined as a specific mechanism contributing to these
changes in neural structure.

Additionally, the developmental timing of high-quality caregiving
experiences is a critical factor to consider for the potential
remediation of early psychosocial deprivation. In the BEIP,
children assigned to foster care intervention before 24 months
demonstrate better cognitive (Nelson et al. 2007; Windsor et al.
2007) and socioemotional functioning (Smyke et al. 2010), as well
as a steeper rate of cortical thinning from middle childhood to
adolescence across the prefrontal and lateral occipital cortex rela-
tive to children placed later (Sheridan et al. 2022). High-quality
caregiving during sensitive periods of heightening experience-
expectant plasticity before 24 months may promote “catch up” to
more typical trajectories.

Less is known about how high-quality caregiving experiences in
middle childhood and adolescencemay affect neurodevelopment.
Broad neural re-organization that occurs in adolescence may
represent another developmental period of increased sensitivity
to environmental experience that specifically shapes higher-order
cognitive and socioemotional development (Crone et al. 2020;
DePasquale et al. 2021; Larsen and Luna 2018).

Consistent with these theories, in the BEIP, adolescent caregiving
quality was most strongly associated with recovery in domains
of executive function, reward sensitivity, and psychopathology,
even when accounting for caregiving experiences in infancy and
toddlerhood (Colich et al. 2020). To date, however, there has
been no empirical investigation comparing the effect of the devel-
opmental timing of caregiving quality across early childhood,
middle childhood, and adolescence on cortical structures that
may underly these behavioral changes.

1.1 Present Study and Hypotheses

The objectives of the present study were two-fold. In Analysis
1, we investigated if better caregiving quality accounted for the
causal association of placement into high-quality foster with ado-
lescent cortical structure in childrenwith a history of institutional
rearing. Specifically, we predicted that higher quality caregiving
following random assignment would mediate the association of
random assignment to the foster care intervention with thinner
cortex in the left IFG and ACC at Age 16.

In Analysis 2, we investigated the associations of longitudinal
trajectories of caregiving quality across multiple time points from
early childhood to adolescence with cortical structure at Age
16 years. We hypothesized that there would be an association
between the earliest observations of caregiving quality with
thinner cortex in adolescence, consistent with previous empirical
work demonstrating accelerated thinning for children placed
in high-quality foster care before compared to after 24 months
in this sample (Sheridan et al. 2022). Given recent evidence in
the same direction for never compared to ever institutionalized
children in this sample (Sheridan et al. 2022), we additionally
hypothesized that there would be a unique association of greater
adolescent caregiving quality with thinner cortex and greater
cortical surface area at Age 16 when accounting for all earlier
caregiving experiences, consistent with emergent evidence that
adolescence is another sensitive period for neural structures
underlying cognitive and socioemotional development (Colich
et al. 2020; Larsen and Luna 2018).
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2 Method Analysis 1

2.1 Study Background

Study participants were from the BEIP, the only randomized con-
trol trial of a high-quality foster care intervention for institution-
ally reared children in Romania. The sociopolitical and cultural
context contributing to thewidespread acceptance of institutional
care for Romanian children as well as ethical considerations of
the BEIP intervention is described in greater detail elsewhere
(Zeanah et al. 2003, 2012). Caregiving in Romanian orphanages
was highly regimented and impersonal to children’s individual
developmental needs but was not abusive and met their mini-
mum physical needs (e.g., food, clothing, shelter). At the request
of the Romanian government, the BEIP study team established
a foster care network which has been described in greater detail
elsewhere (Smyke et al. 2009). The foster care intervention was
designed to be affordable, replicable, and grounded in findings
from developmental research on enhancing caregiving quality.
First, Romanian social workers were recruited and trained in
the principles of infant mental health, attachment relationships,
postinstitutional adjustment, andmanaging behavioral problems.
These social workers have remained with the study since its
inception and haveworked closelywith the participating children
and the foster families. The foster families were paid full-time
salaries for their role and received intensive support from the
BEIP social workers through frequent home visits and phone calls
to address behavior dysregulation, developmental delays, and
social interaction problems throughout the intervention phase.
The formal intervention phase of the study ended when children
were 54 months and regular follow-up assessments have been
conducted approximately every 4 years.

2.2 Participants

Between the ages of 6–30 months, 136 children (68 female)
were recruited from six institutions in Bucharest, Romania
and enrolled in the study (ever-institutionalized group [EIG]).
Half of the EIG were then randomly assigned to the foster
care group (FCG), who were moved to high-quality foster care
placements, and half to the care as usual group (CAUG), who
remained in institutional care. Subjects were excluded from study
participation if there was evidence of a developmental disability
following a pediatric examination. Whenever possible for the
institutionalized children, informed consent was acquired from
participants’ biological families (n = 29). In all other cases,
informed consent was acquired from government personnel who
had legal custody of participating children. All study procedures
were approved by the child protection authorities affiliated with
each of the six participating institutions, the Romanian Ministry
of Health, and the Institutional Review Boards of the senior
investigators (C.H.Z., N.A.F., and C.A.N.).

Caregiving quality was assessed in the institutions at baseline
and again after random assignment at 30 and 42 months in
institutions and foster homes, as applicable. At Age 16, youth
completed a structural magnetic resonance imaging (MRI) scan.
The final analytic sample consisted of 78 participants (39 CAUG,
39 FCG) with complete caregiving quality data and usable
structural neuroimaging data. Onemale subject in the CAUGwas

excluded from all analyses due to structural neural abnormalities
and three female subjects (one CAUG, two FCG) were excluded
from analyses due to missing baseline caregiving quality scores.
See Figure 1 for a CONSORT diagram and Table 1 for sample
characteristics and descriptive statistics for Analysis 1.

2.3 Caregiving Quality: Baseline, 30-Month, and
42-Month Assessments

The Observational Record of the Caregiving Environment
(ORCE; Vandell 1996) is an observational measure of caregiving
quality that was administered in the institutions at baseline and
again after random assignment at participants’ 30- and 42-month
assessments in the institutions and foster homes, as applicable. At
each of the three assessments, participants were video-recorded
with their preferred caregiver for 1.5 h. At baseline for all EIG par-
ticipants and at subsequent assessments for CAUG participants,
children’s preferred caregivers were self-identified among the
staff. If a child did not have a preferred caregiver, the observations
were conducted with a staff member who worked with the child
regularly and knew them well. Participants in the foster care
group were observed with their foster mothers. Caregivers were
not given any specific instructions for how to interact with the
child during the assessment in either institutional or foster home
settings. The observation was intended to capture caregiving in
the children’s milieu as it was naturally happening rather than
assess each caregiver’s capacity to provide care, as could be
expected by a more structured or constrained task designed to
elicit specific caregiving behaviors.

After watching about 1 h of tape and scoring quantitative items
that are not the focus of the present study, two coders then
provided qualitative ratings of caregiving quality after a final 10
min of observation. Qualitative scales included sensitivity (e.g.,
caregiver responds to the infant’s social gestures and is attuned
to the infant’s needs and moods), stimulation of development
(e.g., caregiver engages in activities that can facilitate the infant’s
learning such as talking to the infant or demonstrating a toy),
positive regard for the child (e.g., caregiver expresses positive
feelings in interaction with infant), flat affect (e.g., caregiver
expresses no emotion or animation), and detachment (e.g.,
caregiver is emotionally uninvolved, disengaged, and unaware
of infant’s needs). Scores for each dimension ranged from 1
(not at all characteristic) to 4 (highly characteristic). Flat affect
and detachment scales were reverse-scored. Inter-rater reliability
was high and ranged from 0.88 to 0.99. Scores for each of the
five dimensions were averaged across raters, and then all five
subscales were averaged to create the ORCE caregiving quality
composite at baseline, 30months, and 42months. Scale reliability
was very good at each assessment (baseline α = 0.87; 30-month α
= 0.86; 42-month α = 0.83).

Research investigating the developmental timing of foster care
intervention on later outcomes have found differences across
a range of developmental outcomes when comparing children
adopted before and after 24 months (e.g., McLaughlin et al. 2015;
Nelson et al. 2007; Smyke et al. 2010, 2012; Vanderwert et al. 2010).
Given that both post-intervention caregiving quality observations
were after 24months, we did not have specific hypotheses regard-
ing the association of caregiving quality at 30 months versus 42
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FIGURE 1 Consort diagram of the BEIP through Age 16.

months with adolescent brain structure and thus averaged them
together. The decision to combine caregiving ratings for 30 and
42 months is consistent with other published work in this study
(Humphreys et al. 2022).

2.4 MRI Data Acquisition and Preprocessing

At Age 16, structural MRI data were collected at the Santador
Hospital in Bucharest, Romania on a Siemens Magnetom 1.5T
Syngo system scanner using an eight-channel head coil. A T1-
weighted MPRAGE sequence was acquired (TR = 2530 ms; TE
= 3.5 ms; TI = 1100 ms; FA = 7◦; 192 slices; voxel resolution = 1
mm3; acceleration factor 2 using GRAPPA).

Automatic cortical surface reconstruction and volumetric seg-
mentation were performed in FreeSurfer image analysis suite
version 5.3 (https://surfer.nmr.mgh.harvard.edu/). FreeSurfer
uses spatial intensity gradients to differentiate between tissue
classes, then removes nonbrain tissue, performs automated
Talairach transformation into standard space, segments cortical
and subcortical gray and white matter structures, tessellates
the gray–white matter boundary, automatically corrects topol-
ogy, and, finally, performs surface deformation (Fischl 2004)
mice. Images are then inflated and registered to a spher-
ical atlas to be parcellated into cortical regions based on
gyral and sulcal structure (Desikan et al. 2006; Fischl and
Dale 2000). Cortical thickness was measured as the short-
est distance from the gray matter/white matter boundary
from each vertex (Fischl and Dale 2000). Trained study staff
inspected the accuracy of pial surface/gray matter and gray
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TABLE 1 Sample characteristics and descriptive statistics for Analysis 1.

CAUG FCG Total
Baseline Caregiving Assessment

Sample size n = 39
18 females

n = 39
19 females

n = 78
37 females

M (SD) 2.07 (0.62) 2.24 (0.63) 2.15 (0.63)
Age in monthsM (SD) 20.83 (7.86) 21.01 (7.02) 20.93 (7.36)
30-Month Caregiving Assessment
Sample size n = 39

18 females
n = 41

21 females
n = 80

39 females
M (SD) 2.74 (0.52) 2.74 (0.52) 2.63 (0.58)
Age in monthsM (SD) 30.89 (0.89) 30.48 (0.79) 30.69 (0.85)
42-Month Caregiving Assessment
Sample size n = 39

19 females
n = 41

21 females
n = 80

40 females
M (SD) 2.56 (0.65) 2.84 (0.56) 2.71 (0.62)
Age in monthsM (SD) 42.53 (0.51) 42.35 (0.81) 42.43 (0.43)
16-Year MRI
Sample size n = 41

19 females
n = 41

21 females
n = 82

52 females
Age in yearsM (SD) 16.65 (0.49) 16.56 (0.52) 16.61 (0.51)
Analytic sample
Sample size n = 39

18 females
n = 39

19 females
n = 78

37 females
Age in yearsM (SD) 16.65 (0.50) 16.58 (0.53) 16.62 (0.51)

Abbreviations: CAUG, care as usual group; FCG, foster care group.

matter/white matter boundaries and completed manual edits as
necessary.

2.5 Region of Interest (ROI) Extraction

Sheridan et al. (2022) reported a causal association of random
assignment to the FCG with thinner cortex in the left IFG and
caudal ACC at Age 16. Average cortical thickness (mm) estimates
in these two ROIs were extracted from a publicly available dataset
(https://osf.io/476m8/).

2.6 Whole Brain Analysis

An exploratory whole-brain analysis was conducted using a
surface-based approach to examine associations between caregiv-
ing and cortical thickness and surface area. Cortical thickness and
surface area are components of cortical volume that we chose to
examine separately because they follow distinct developmental
trajectories (Wierenga et al. 2014). For whole brain analysis, data
were assembled using FreeSurfer’smris_preproc command. Each
subject’s data were resampled into a common space, and then
concatenated into a single file. Spatial smoothing was performed
with a 10-mm full width/half max kernel. The GLM was fit
using FreeSurfer’s mri_glmfit command. Clusterwise correction

for multiple comparisons was performed using a Monte Carlo
simulation with a cluster-forming threshold of p < 0.001 (Greve
and Fischl 2018).

2.7 Analytic Plan

To address our objective of examining caregiving quality fol-
lowing random assignment to either the FCG or CAUG as a
mechanism underlying its association with adolescent cortical
structure, we tested the paths of a standard mediation model.
First, we used linear regression to examine the association of
random assignment with caregiving quality averaged across the
30- and 42-month assessments, as measured by the ORCE.
Next, we examined the association of caregiving quality with
cortical thickness first in the a priori ROIs and then in an
exploratory whole-brain analysis, covarying for baseline care-
giving quality, age, and sex. The false discovery rate (FDR)
procedure was used to correct for multiple comparisons at the
level of the hypothesis. Finally, we examined the indirect effect
of averaged caregiving quality from 30 and 42 months on the
causal association of random assignment with cortical structure
using a bootstrapping approach implemented in the PROCESS
macro for SPSS (Hayes 2022). The PROCESS macro computed
bias-corrected 95% confidence intervals for 10,000 bootstrapped
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samples. Confidence intervals that do not contain zero are
considered evidence of a significant indirect effect.

2.8 Sensitivity Analyses

Using the same mediation modeling approach described above,
the five sub-components of the ORCE caregiving quality score
(i.e., sensitivity, stimulation of development, positive regard
toward the child, flat affect, and detachment) were examined
individually as potential mediators of the association between
random assignment to the care as usual or foster care and brain
structure in the identified cortical ROIs. Each sub-component
was an average score of the rating at the 30- and 42-month assess-
ment timepoints. Additionally, we examined other potential
candidatemediators that have been found to differ as a function of
random assignment that could plausibly be associated with brain
structure at Age 16, including attachment security at 42 months
(Smyke et al. 2010), height, weight, and head circumference at
42 months (Johnson et al. 2010), motor development at 8 years
(Levin et al. 2014), and cortisol reactivity at 12 years (McLaughlin
et al. 2015).

3 Results Analysis 1

3.1 Random Assignment (CAUG vs. FCG) and
Caregiving Quality

As expected and previously reported (Humphreys et al. 2022;
Smyke et al. 2007), random assignment to the FCGwas associated
with higher averaged caregiving quality at 30 and 42 months
compared to the CAUG (ß = 0.247; p = 0.029).

3.2 Caregiving Quality and Cortical Structure

3.2.1 ROI Analysis

Caregiving quality averaged from 30 and 42 months was nega-
tively associated with thickness in the left IFG (ß = −0.364; p =
0.004; Figure S1), but not the caudal ACC (ß=−0.065; p= 0.604).

3.2.2 Whole Brain Analysis

Averaged caregiving from 30 and 42 months was positively
associated with cortical surface area in the right lateral occipital
cortex (Figure S2 and Table S1). Randomassignment to the CAUG
or FCG was not associated with cortical surface area in this right
lateral occipital cortex cluster (ß= 0.106; p= 0.36). There were no
associations of caregiving quality at baseline with surface area or
anymeasure of caregiving with cortical thickness in this analysis.

3.3 Mediation

There was a significant indirect effect of random assignment to
FCG on cortical thinning in the left IFG in adolescence through
greater caregiving quality scores at 30 and 42 months (Figure 2A;
95% CI: −0.051, −0.001). There was a significant indirect effect of

random assignment to FCG on the greater cortical surface area
in the right lateral occipital cortex in adolescence through greater
caregiving quality scores at 30 and 42 months (Figure 2B; 95% CI:
0.005, 0.059).

3.4 Sensitivity Analyses

3.4.1 ORCE Subcomponents

Each of the five subcomponents contributing to the overall ORCE
caregiving quality score were examined individually in post hoc
exploratory analyses as potentialmediators underlying the associ-
ation of randomassignmentwith cortical structure in the left IFG,
caudal ACC, and right lateral occipital cortex at Age 16. Briefly,
both sensitivity and stimulation of development significantly
mediated the association of random assignment to the foster care
group with thinner cortex in the left IFG (sensitivity 95% CI:
−0.05, −0.002; stimulation 95% CI: −0.05, −0.002) and greater
cortical surface area in the right lateral occipital cortex (sensitivity
95% CI: 0.001, 0.05; stimulation 95% CI: 0.004, 0.06). Additional
information is presented in the Supplement and Tables S2–S5.

3.4.2 Alternative Mediators

Of the six candidate mechanisms, only height (95% CI: −0.05,
−0.002) and weight (95% CI: −0.04, −0.002) at 42 months medi-
ated the association of randomassignment to the foster care group
with thinner cortex in the left IFG. Given missing height and
weight data for n = 9 participants, we used multiple imputation
implemented in the R package mice (Buuren and Groothuis-
Oudshoorn 2011) to handle missing data and estimated indirect
effects using the R package lavaan (Rosseel 2012). We entered
ORCE caregiving quality, height, and weight as simultaneous
mediators in the same model and did not observe any significant
indirect effects of random assignment on left IFG thickness at
Age 16, though the indirect effect of ORCE caregiving quality
was marginal (b = −0.02; p = 0.071). When height and weight
at 42 months were entered as covariates, the indirect effect of
random assignment to the foster care group with thinner cortex
in the left IFG through averaged caregiving quality from 30 and 42
months was marginal, but nonsignificant (b = −0.02; p = 0.065).
Additional information is presented in the Supplement and Table
S6.

4 Discussion Analysis 1

The present study examined caregiving quality as a potential
mechanism contributing to changes in adolescent cortical struc-
ture following experiences of severe early-life psychosocial depri-
vation in previously institutionalized youth. Better caregiving
quality following removal from institutional care and placement
in high-quality foster care was associated with a thinner cortex in
the prefrontal cortex and greater cortical surface area in the lateral
occipital cortex. We expand upon previous work in this sample
by demonstrating that caregiving quality accounts for previously
observed differences in adolescent cortical thickness caused by
the BEIP’s foster care intervention.

6 of 15 Developmental Science, 2025
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FIGURE 2 (A) Caregiving quality averaged from 30 and 42 months significantly mediated the association of random assignment to the FCG with
decreased cortical thickness in the left inferior frontal gyrus (IFG) ROI extracted from Sheridan et al. (2022). (B) Caregiving quality averaged from 30
and 42 months significantly mediated the association of random assignment to the FCG with increased surface area in the right lateral occipital cortex
(LOC) identified in the whole brain analysis. All coefficients are unstandardized. Dashed lines indicate a nonsignificant path. *p < 0.05; **p < 0.01.

Greater caregiving quality at 30 and 42 months mediated the
causal association of random assignment to the FCG with a
thinner cortex in the left IFG. The left IFG is broadly implicated
in language production (Fedorenko et al. 2011; Hagoort 2014)
and, in the BEIP, language outcomes demonstrate significant
improvement related to foster care placement before 24 months
(Windsor et al. 2007), which are sustained through adolescence
(Humphreys et al. 2020). Furthermore, decreased cortical
thickness in the left IFG caused by random assignment to the
FCG is associated with improved full-scale IQ scores relative
to the CAUG (Sheridan et al. 2022). At Age 18, the difference
in IQ scores between the CAUG and FCG is driven, in part, by
higher verbal comprehension subscores and is related to greater
caregiving quality scores in early childhood (Humphreys et al.
2022). It is important to acknowledge, however, that on average,
children in the BEIP with any history of institutional rearing
score in the “low” range on tests of cognitive ability compared

to never-institutionalized children (Almas et al. 2016; Fox et al.
2011; Humphreys et al. 2022; Nelson et al. 2007). Thus, removal
from institutional care and exposure to high-quality caregiving
at 30 and 42 months did not fully remediate the impact of very
early exposure to institutionalization. Though caregiving in this
period may result in sustained changes in neural structure, the
behavioral implications of these changes may be modest.

Higher quality caregiving at 30 and 42 months also mediated
the association of random assignment to the FCG with greater
surface area in the lateral occipital cortex in adolescence. This
finding is consistent with theoretical perspectives proposing that
early caregiving experiences, particularly those that stimulate
cognitive development, may impact the development of higher-
order cognitive abilities through the structure and function of the
ventral visual stream (Amso and Scerif 2015; Rosen et al. 2019).
The ventral visual stream, including the lateral occipital cortex
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and ventral temporal cortices, responds preferentially to complex
categories of visual stimuli and both send and receive signals
from the prefrontal cortex (Gilbert and Li 2013). Caregivers are
instrumental in directing and regulating young children’s atten-
tion to features of their environment through cues like pointing
and semantic labeling. On average, low levels of cognitive stim-
ulation in typical family caregiving environments are related to
worse performance in different cognitive domains like executive
functions, language, and associative memory partially through
altered structure and function of the ventral visual stream (Avants
et al. 2015; Lurie et al. 2024; Rosen et al. 2018, Rosen et al. 2021).
Here, we demonstrate that introducing higher quality caregiving,
including greater cognitive stimulation, following experiences of
severe deprivation is associated with altered neurodevelopment
in ventral visual stream regions subserving visual attention.

Greater caregiver sensitivity in early childhood also mediated
the association of random assignments to the foster care group
with a thinner cortex in the left IFG and right lateral occipital
cortex at Age 16. This is consistent with findings among children
raised in typical environments, showing altered cortical thickness
in the prefrontal cortex in middle childhood (Kok et al. 2015)
and adolescence (Whittle et al. 2014). High-sensitivity caregiving
is proposed to buffer against the disruptive effects of chronic
stress on neurobiological plasticity mechanisms, like dendritic
branching andneurogenesis (Lupien et al. 2009). It follows, there-
fore, that, in addition to improving cognitive stimulation, the
foster care intervention in the BEIP also acts through increased
contingency in caregivers’ reactions to children’s emotions and
social gestures to effect long-term alterations in neural structure
through adolescence.

Our findings support the hypothesis that the BEIP’s caregiving
intervention improved caregiving quality, reducing exposure
to deprivation and thus contributing to sustained change in
cortical structure through adolescence. These findings speak
to the potential for enriched caregiving experiences to alter
the course of neural development even despite earlier adverse
experiences. However, beyond very early childhood,when exactly
these experiences may be most influential in shaping structural
neural development remains unclear. In Analysis 2, we examined
the developmental timing of caregiving quality across early
childhood, middle childhood, and adolescence and its relation to
adolescent cortical structure.

5 Method Analysis 2

5.1 Sample

In addition to the EIG, a never-institutionalized group (NIG, n =
72) was recruited from the community at the baseline assessment
using birth records from the same hospitals where children in
the EIG were born. The NIG completed the same observational
caregiving quality assessments at baseline, 30 months, and 42
months as the EIG, described abovewith their biologicalmothers.
Caregiving quality was assessed for all groups with a different
measure than the early childhood assessments at 4.5, 8, 12, and
16 years. Eleven NIG subjects (two females) were not included in
any analyses because they were recruited at the Age 8 assessment
and were therefore missing all early childhood caregiving quality

scores. Our final analytic sample consisted of N = 103 (40 CAUG,
41 FCG, 22 NIG) participants who had usable MRI data and at
least one caregiving quality score in both early childhood and
adolescence. See Table 2 for analytic sample characteristics and
descriptive statistics.

5.2 Caregiving Quality Ratings at 4.5, 8, 12, and 16
Years

When participants were approximately 16 years old, BEIP staff
members who were in continuous contact with participants from
early childhood, retrospectively rated caregiving quality at Ages
4.5, 8, 12, and 16 years based on their extensive experience and
notes of caregiving interactions during laboratory visits and in
participants’ homes. Global caregiving quality was rated on a
scale of one through five and averaged across two raters at each
of the four timepoints, with higher scores representing higher
quality caregiving. Inter-rater reliability was high and ranged
from 0.96 to 0.98. See Table 3 for a detailed description of ratings
and Table S7 for bivariate correlations between all caregiving
quality measures.

5.3 Longitudinal Models of Caregiving Quality

Two linear growth curve models were estimated to characterize
the change in caregiving quality in the full sample of ever-
and never-institutionalized participants over the course of early
childhood, as measured by the ORCE at baseline, 30 months,
and 42 months, and over the course of middle childhood through
adolescence, as measured by the retrospective caregiving quality
scores made by the BEIP staff for ages 4.5, 8, 12, and 16 years.
Models were estimated using SPSS version 28. A random slope
and intercept were included in each model. Age at the time of
each caregiving quality assessmentwas used as ameasure of time.
For the early childhood caregivingmodel, age was centered at the
average baselineORCE assessment age to aid the interpretation of
the model intercept as the expected caregiving quality score for a
child of average age at baseline (20.75months). For the adolescent
caregiving quality model, 4.5 was subtracted from participants’
ages at the retrospective caregiving assessment timepoints to aid
with the interpretation of the model intercept as the expected
caregiving quality score for a child at 4.5 years.

5.4 ROI Extraction

Sheridan et al. (2022) reported that, compared to the EIG, the
NIG showed greater cortical surface area in five regions, including
the left postcentral gyrus/medial prefrontal cortex, left superior
frontal cortex, left fusiform gyrus/inferior temporal gyrus, right
caudal ACC, and right precentral gyrus extending into the right
insula and superior parietal cortex.Additionally,NIGparticipants
had a thinner cortex than EIG in four regions, including the left
inferior temporal gyrus, left and right superior frontal gyri, and
the right IFG (Sheridan et al. 2022). Average cortical thickness
(mm) and surface area (mm2) estimates were extracted for a total
of nine ROIs, which were extracted from a publicly available
dataset (https://osf.io/476m8/).
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TABLE 2 Sample characteristics and descriptive statistics at each assessment timepoint in Analysis 2.

CAUG FCG NIG Total

Baseline Caregiving Assessment
Sample size n = 39

18 females
n = 39

19 females
n = 22

12 females
n = 100

49 females
M (SD) 2.07 (0.62) 2.24 (0.63) 2.67 (0.56) 2.27 (0.65)
Age in monthsM (SD) 20.83 (7.86) 21.01 (7.02) 20.16 (7.50) 20.75 (7.39)
30-Month Caregiving Assessment
Sample size n = 39

18 females
n = 41

21 females
n = 20

11 females
n = 100

50 females
M (SD) 2.51 (0.62) 2.74 (0.52) 2.88 (0.54) 2.68 (0.58)
Age in monthsM (SD) 30.89 (0.89) 30.51 (0.79) 31.02 (1.06) 30.76 (0.90)
42-Month Caregiving Assessment
Sample size n = 39

19 females
n = 41

21 females
n = 22

12 females
n = 102

52 females
M (SD) 2.56 (0.65) 2.84 (0.56) 2.78 (0.61) 2.72 (0.62)
Age in monthsM (SD) 42.53 (0.51) 42.33 (0.32) 43.07 (0.81) 42.57(0.60)
54-Month Caregiving Assessment
Sample size n = 39

19 females
n = 41

21 females
n = 22

12 females
n = 102

52 females
M (SD) 2.96 (1.66) 4.63 (0.63) 4.77 (0.51) 4.02 (1.40)
8-Year Caregiving Assessment
Sample size n = 38

18 females
n = 39

19 females
n = 22

12 females
n = 99

49 females
M (SD) 3.17 (1.30) 4.41 (0.87) 4.82 (0.50) 4.03 (1.21)
12-Year Caregiving Assessment
Sample size n = 40

19 females
n = 41

21 females
n = 19

10 females
n = 100

50 females
M (SD) 3.15 (1.30) 4.23 (1.12) 4.79 (0.48) 3.91 (1.28)
16-Year Caregiving Assessment
Sample size n = 40

19 females
n = 41

21 females
n = 22

12 females
n = 103

52 females
M (SD) 3.14 (1.24) 4.10 (1.16) 4.80 (0.48) 3.87 (1.25)
16-Year MRI analytic sample
Sample size n = 40

19 females
n = 41

21 females
n = 22

12 females
n = 103

52 females
Age in yearsM (SD) 16.65 (0.49) 16.56 (0.52) 16.79 (0.47) 16.65 (0.50)

Abbreviations: CAUG, care as usual group; FCG, foster care group; NIG, never-institutionalized group.

5.5 Analytic Plan

To address our second objective of examining the effect of
developmental timing of caregiving quality on neural structure,
we first estimated two separate linear growth curve models to
characterize individual trajectories of caregiving quality across
early childhood, measured by the ORCE, and across middle
childhood to adolescence, measured by the BEIP staff’s retrospec-
tive caregiving quality ratings, in the full sample (i.e., CAUG,
FCG, and NIG). We then extracted random effect estimates (i.e.,
individual intercepts and slopes) from both the early childhood

caregiving quality and the adolescent caregiving quality models
to include as predictors in ROI and whole-brain analyses.

We estimated linear regression models to simultaneously exam-
ine the association of early childhood caregiving quality intercept
and slope and middle childhood to adolescent caregiving quality
intercept and slope with cortical thickness and surface area in
predetermined ROIs. All models covaried for age at scan, sex, and
group assignment. p values were FDR-corrected at the level of
the hypothesis. To examine associations withwhole brain cortical
thickness and surface area, we entered the same predictors and
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TABLE 3 Descriptions of retrospective qualitative ratings of caregiving quality made by BEIP staff based on their observations of participants and
their caregivers at 4.5, 8, 12, and 16 years. Inter-rater reliability was excellent (ICCs = 0.96–0.98; Colich et al. 2020).

Rating Description

1 Dangerous. A caregiving environment that consistently failed to meet at least one basic need (i.e., adequate shelter
and food, constant care from at least one preferred caregiver) and maltreatment was strongly suspected.

2 Unacceptable. A caregiving environment in which physical needs may have been met, but the caregiver consistently
failed to provide emotional care for the child.

3 Marginal. A caregiving environment in which physical needs were generally met, but emotional needs were not
consistently met. For example, a preferred caregiver may have been available to the child sometimes and the child did

not lack basic protection or support, but significant deficiencies in caregiving were noted.
4 Mixed. A caregiving environment in which a reasonably good living environment was evident with regard to physical

comfort provided to the child and care was generally available at satisfactory levels. The caregiver’s relationship was the
child, however, was sometimes marked by significant problems such as instances of harsh parenting, lack of support,

and/or nonconstructive ways of dealing with conflict.
5 Acceptable. A caregiving environment in which the child’s physical and emotional needs were consistently met. The

relationship between the caregiver and child had minimal discord and the caregiver implemented good strategies to
overcome problems.

covariates as the ROI analyses into a whole brain analysis using
GLM implemented in FreeSurfer as described in the supplement.

6 Results Analysis 2

6.1 Trajectories of Caregiving Quality

First, we estimated a linear growth curve model of caregiv-
ing quality in early childhood across the baseline, 30-month,
and 42-month assessments. Unstandardized parameter estimates
indicate that on average, caregiving quality scores significantly
increased across early childhood (B = 0.02, p < 0.001; Figure
S3A). There was significant between-person variability in early
childhood caregiving quality intercepts (B = 0.14, p = 0.006), but
no slopes (B = 0.0002, p = 0.362). There was not a significant
correlation between intercepts and slopes (B=−0.002; p= 0.419).

Next, we estimated a linear growth curve model of caregiving
quality across middle childhood and adolescence from the 4.5-
, 8-, 12-, and 16-year assessments. Caregiving quality scores did
not significantly change acrossmiddle childhood through adoles-
cence (B = −0.014, p = 0.161; Figure S3B). There was significant
variability in middle childhood to adolescent caregiving quality
intercepts (B = 1.52, p < 0.001) and slopes (B = 0.006, p < 0.001)
between individuals. Finally, therewas a significant correlation of
intercepts and slopes (B = −0.039, p = 0.006), such that children
who had lower caregiving quality scores at 4.5 years showed
greater change in caregiving quality scores through adolescence.
Random effects estimates were extracted from each model and
used to examine associations with adolescent brain structure.

6.2 Trajectories of Caregiving Quality and
Neural Structure

6.2.1 ROI Analyses

Early childhood caregiving quality intercept was negatively
associated with cortical thickness in the left inferior temporal

gyrus/temporal pole (ß = −0.284; p = 0.016; Figure 3A), the right
superior frontal gyrus (ß = −0.342, p = 0.008; Figure 3B), and the
right IFG (ß = −0.230, p = 0.043; Figure 3C). Early childhood
caregiving slope and adolescent caregiving intercept and slope
were not associated with any cortical thickness ROIs (ps > 0.09).
There were no significant associations with cortical surface area
ROIs (ps > 0.06).

6.2.2 Whole Brain Analyses

We observed a negative association of early childhood caregiving
quality intercept with cortical thickness in the left precuneus and
right lateral occipital cortex, such that children who experienced
greater caregiving quality had thinner cortex (Figure 4A and
Table S9). We observed a positive association of early childhood
caregiving quality slope with cortical surface area in the right
rostral middle frontal gyrus, paracentral gyrus, and lateral occipi-
tal cortex, such that children who experienced increasing quality
of caregiving across early childhood had greater cortical surface
area (Figure 4B and Table S9). Similarly, adolescent caregiving
quality slope was positively associated with cortical surface area
in the right inferior temporal gyrus and the right intraparietal
sulcus, such that children who experienced increasing quality of
caregiving across adolescence had greater cortical surface area
(Figure 4C and Table S9).

7 Discussion Analysis 2

Caregiving quality at different points in development was asso-
ciated with distinct aspects of cortical structure. Very early
childhood caregiving quality was consistently associated with
adolescent cortical thickness in regions of the frontoparietal
control network and regions implicated in visual attention. In
contrast, change in caregiving quality across early childhood
and adolescence was associated with cortical surface area, again
in regions broadly implicated in cognitive control and visual
attention. Taken together, these findings suggest that, while very
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FIGURE 3 Associations of early childhood caregiving quality
intercept with cortical thickness in the (A) left inferior temporal
gyrus/temporal pole, (B) right superior frontal gyrus, and (C) right
inferior frontal gyrus ROIs extracted from Sheridan et al. (2022). Models
include covariates for age at scan, sex, group, early caregiving quality
slope, and adolescent caregiving quality intercept and slope. p values are
FDR-corrected. L, left; R, right.

early childhood caregiving is associated with adolescent neural
structure, particularly through effects on cortical thickness,
caregiving quality across childhood and adolescence continues
to influence adolescent neural structure, in particular through
effects on cortical surface area.

Greater caregiving quality before random assignment was con-
sistently and uniquely associated with thinner cortex in several
regions, including the lateral prefrontal cortex, inferior temporal
gyrus, and lateral occipital cortex, supporting the specificity of
the early childhood caregiving environment in influencing the
rate of synaptic proliferation and pruning that determine cortical
thickness in these regions (Petanjek et al. 2011). Here, we expand
upon previous findings in the BEIP by providing evidence of a
potential neural basis for behavioral outcomes that have, thus
far, responded less robustly to early childhood intervention,
such as executive functions (Bick et al. 2018; Bos et al. 2009;
Hostinar et al. 2012;Wade et al. 2019). The developmentalwindow
during which caregiving experiences can influence adolescent
cortical thickness in these regions of the ventral visual stream and
frontoparietal control network may be time-limited.

We observed that increasing caregiving quality from baseline
through 42 months was associated with greater cortical surface

area in the middle frontal gyrus, lateral occipital cortex, and
paracentral gyrus. Improvement in adolescent caregiving quality
across time was associated with greater cortical surface area in
the intraparietal sulcus and the inferior temporal gyrus at Age 16.
Our findings provide a potential neural basis for improvements
in reward responsivity, executive function, and psychopathology
outcomes that are more strongly associated with adolescent
caregiving quality than prior caregiving experiences (Colich et al.
2020). Our findings further suggest that the window of opportu-
nity to intervene to partially remediate early caregiving adversity
may extend beyond early childhood and into middle child-
hood and adolescence, through experience-dependent plasticity
mechanisms observable as differences in cortical surface area.

The present study’s findings should be interpreted in the context
of the following limitations. First, caregiving quality scores from
4.5 to 16 years were rated retrospectively. These ratings were
made by BEIP staff based on their notes of extensive interactions
with participants in multiple settings and showed high inter-
rater reliability, which may temper some of the threats to validity.
Future studies examining associations of caregiving quality in
middle childhood and adolescence with neural structure would
benefit from direct observational measures. Second, given recent
evidence supporting the importance of pubertal timing and stage
in driving adolescent-sensitive periods (Gunnar et al. 2019),
pubertal status may be a more meaningful marker of time than
age to characterize the effect of caregiving quality trajectories
on cortical structure and should be investigated further in
future research. Finally, the present study does not explicitly
connect caregiving-related differences in cortical structure with
functional or behavioral outcomes. Other studies in this sample
have examined differences in psychopathology and cognitive
functioning relative to ACC and IFG structure in the EIG
(Sheridan et al. 2022) and relative towidespread cortical thickness
changes in ever- compared to never-institutionalized children
(McLaughlin et al. 2014). Future studies should examine the
association of brain structure with other domains of functioning
that demonstrate impairment relative to deprived caregiving
environments.

8 Conclusions

Though early childhood experiences of severe psychosocial
deprivation commonly experienced in institutional settings are
associated with sustained alterations to neural structure through
adolescence, early intervention to improve caregiving quality is
a potential mechanism contributing to altered cortical structure
in adolescence. While our findings underscore the importance of
very early childhood caregiving experiences for cortical thickness
in adolescence, we also observed that early childhood was
not the only developmental window during which caregiving
was associated with cortical structure outcomes. Caregiving
experiences across childhood and adolescence influenced ado-
lescent cortical surface area, implying the potential to promote
resilience despite earlier caregiving experiences. Taken together,
our findings provide a potential neural basis for improvements
in various neurocognitive behavioral outcomes observed across
childhood and adolescence for previously institutionalized youth
with subsequent positive caregiving experiences. Furthermore,
they provide support for interventions and policies that facilitate

11 of 15

 14677687, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/desc.70043 by V

anderbilt U
niversity, W

iley O
nline L

ibrary on [07/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



FIGURE 4 Whole brain associations of (A) early childhood caregiving quality intercept with cortical thickness, (B) early childhood caregiving
quality slope with cortical surface area, and C) late childhood and adolescent caregiving quality slope with cortical surface area at 16 years. All models
covaried for age at scan, sex, group assignment (i.e., CAUG, FCG, or NIG), and all other measures of caregiving quality.
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high-quality caregiving at all stages of childhood and adolescent
development.
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