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ABSTRACT—In studies of children adopted from institu-

tions, early institutionalization has been associated con-

sistently with an increased risk of persistent cognitive,

academic, and social-emotional problems. These findings

raise questions about the neurocognitive mechanisms

that contribute to these negative outcomes. Theory and

models based on studies of animals indicate that develop-

ment of the prefrontal cortex (PFC) and executive func-

tion (EF) may be particularly susceptible to

environmental influences during early childhood. In this

article, we review recent studies of postinstitutionalized

children that examined EF components such as inhibi-

tory control, working memory, shifting, and planning.

We then describe emerging research on the structure and

function of the PFC. Converging evidence suggests both

EF difficulties and alterations in development of the PFC

following early institutionalization. We conclude by dis-

cussing possible explanations for these findings and

implications for prevention and intervention, and by

offering suggestions for ongoing research.
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Around the world, many orphaned or abandoned children spend

their early lives in orphanages. These institutions tend to be pro-

foundly depriving environments characterized by deficiencies

that include high child-to-caregiver ratios, frequent changes in

caregivers, infrequent social and cognitive stimulation, and in

some cases, inadequate physical resources (1). Children adopted

from institutions (postinstitutionalized children) present a unique

opportunity to investigate the effects of a circumscribed period

of early deprivation followed by placement into supportive, mid-

dle-class families (2). More than a half century of research,

including more recent, well-controlled studies, has established

that although postinstitutionalized children recover following

adoption, they are at greater risk of persistent cognitive deficits,

academic difficulties, and emotional and behavioral disorders

(3, 4). The risk of these problems increases with age at adoption

and the duration of early institutionalization (5). These findings

have generated interest in identifying the underlying neurocog-

nitive mechanisms that link early institutionalization with

increased risk of negative longer-term outcomes. Understanding

these mechanisms can inform the design of effective targeted

interventions that promote positive outcomes among postinstitu-

tionalized children.

In this article, we focus on recent research examining the

development of executive function (EF, also called cognitive

control) and the prefrontal cortex (PFC) in postinstitutionalized

children. EF refers to a set of cognitive skills that support flex-

ible, goal-directed behavior and depend on areas of the PFC

(6). Core EF processes include the ability to suppress auto-

matic or dominant responses (inhibitory control), store and

update information over short periods of time (working mem-

ory), shift flexibly among attentional or behavioral responses

(shifting), and identify and organize sequential steps to a goal

(planning; 7). Extensive evidence suggests that EF robustly

predicts academic achievement and social-emotional function-

ing (6). In this review of research on postinstitutionalized chil-

dren, we describe studies of EF and of the structure and

function of the PFC. We then discuss mechanisms by which

early institutionalization might influence PFC development,
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and thus EF development, as well as prevention and interven-

tion programs targeting EF. We conclude with recommenda-

tions for ongoing research.

THEORETICAL PERSPECTIVES AND ANIMAL MODELS

OF EARLY DEPRIVATION

Experience-expectant models of development propose that

expected environmental input (e.g., care that is typical for chil-

dren, such as the presence of an attachment figure, adequate

nutrition, social and linguistic stimulation) must be provided at

certain times or sensitive periods for typical neural development

to proceed (8). EF and the PFC develop postnatally over a

protracted period, with rapid development during early child-

hood (7, 9), and thus may be particularly vulnerable to environ-

mental influences during early childhood. Early exposure to

institutional environments, which deviate markedly from the care

that is typical for children, may lead to lasting alterations in PFC

and thus the development of EF. In animal models, which exper-

imentally control exposure to deprivation, early maternal depri-

vation leads to persistent abnormalities in PFC development and

less optimal performance on EF tasks in rodents (10, 11) and

nonhuman primates (12–14). These findings provide a strong

foundation for examining similar effects in humans.

EF IN POSTINSTITUTIONALIZED CHILDREN

In this section, we review studies of postinstitutionalized chil-

dren that used performance-based measures of four core EF

components: inhibitory control, working memory, shifting, and

planning (see Table S1, for descriptions of tasks). Although

researchers have also used parent and teacher rating scales to

examine EF in postinstitutionalized children (15), we limited

our review to direct assessments of specific EF components.

Comparison groups were (a) nonadopted children raised in their

birth families and (b) children adopted from noninstitutional set-

tings, such as foster care, who are similar to postinstitutionalized

children in terms of potentially confounding risk factors (e.g.,

genetic background, poor prenatal care and birth circumstances,

transitions in caregivers) but likely experienced a higher quality

early environment. For postinstitutionalized children, we also

covered associations between EF and age at adoption, which is

a proxy for the timing or duration of institutional rearing (5).

Table S2, provides detailed information about the studies

included in this review.

Inhibitory Control

Postinstitutionalized children tend to perform less optimally on

inhibitory control tasks, including the go/no-go (16), delay of

gratification (17), knock and tap (18), Stroop (19), and flanker

tasks (20, 21), than nonadopted children raised in their biologi-

cal families and children adopted from noninstitutional settings.

For example, 11-year-old postinstitutionalized children had

more Stroop task errors than children adopted from noninstitu-

tional settings, even after controlling for verbal ability (19).

However, in two studies, there were no group differences on

go/no-go task accuracy to no-go cues (20, 22).

In terms of age at adoption, postinstitutionalized children

adopted after 14 months performed less optimally on the stop-

signal task than those adopted before 9 months (23). Perfor-

mance on the knock and tap task was significantly negatively

associated with age at adoption from 12 to 78 months (18). Also,

postinstitutionalized children adopted after 6 months performed

at lower levels on the Stroop task than those adopted before

6 months (19). However, some studies reported only marginally

significant associations with age at adoption (16, 20), and perfor-

mance on go/no-go tasks was not significantly associated with

age at adoption in two studies (20, 22). Thus, despite some

inconsistencies, postinstitutionalized children had lower inhibi-

tory control relative to both comparison groups, and older age at

adoption was associated with lower inhibitory control.

Working Memory

Postinstitutionalized children also performed less optimally on

spatial working memory tasks than nonadopted children raised

in their biological families and children adopted from noninsti-

tutional settings (17, 18, 24–27). For example, 8-year-old Roma-

nian children with a history of institutionalization made more

errors on a self-ordered search task than nonadopted Romanian

children raised in their biological families (25). Postinstitutiona-

lized children adopted after 6 months also differed marginally

on the backward digit span task when compared with a group of

children adopted from institutional or noninstitutional settings

before 6 months of age (28).

In terms of age at adoption, performance on a self-ordered

search task did not differ between postinstitutionalized children

adopted after 14 months and those adopted before 9 months

(23), and was not associated significantly with age at adoption in

postinstitutionalized children adopted after 9–12 months (18,

25). Thus, postinstitutionalized children consistently had diffi-

culties with working memory relative to both comparison groups,

but the risk of having difficulties with working memory did not

increase with age at adoption.

Shifting

In three studies, postinstitutionalized children performed less

optimally on shifting tasks than nonadopted children raised in

their birth families (17, 24, 26). For example, 9- to 11-year-old

postinstitutionalized children had significantly more errors on a

version of the Wisconsin Card Sort Task than nonadopted chil-

dren raised in their biological families (24). However, in one

study, postinstitutionalized children did not differ on this task

from nonadopted children or children adopted from noninstitu-

tional settings, and task performance was not associated with

age at adoption from 12 to 78 months (18). Therefore, in studies

of shifting, postinstitutionalized children performed less
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optimally than nonadopted children but not children adopted

from noninstitutional settings, and there was no evidence of an

age-at-adoption effect.

Planning

Across three studies, postinstitutionalized children performed

less optimally on planning tasks than nonadopted children raised

in their biological families (24, 26) and children adopted from

noninstitutional settings (28). For example, 11-year-old postinsti-

tutionalized children adopted after 6 months had significantly

fewer correct solutions on the Tower of London task than the

pooled comparison group of children adopted from institutional or

noninstitutional settings before 6 months (28). Across two other

studies, postinstitutionalized children did not differ significantly

on a version of the Tower of London task from nonadopted chil-

dren (25) or children adopted from noninstitutional settings (18).

Performance on planning tasks was not associated with age at

adoption in postinstitutionalized children adopted after 9–
12 months (18, 25). Thus, findings are inconsistent for planning,

both in terms of group comparisons and associations with age at

adoption. In summary, findings across studies indicate EF diffi-

culties in postinstitutionalized children, with evidence especially

strong for inhibitory control and working memory.

PFC STRUCTURE AND FUNCTION IN

POSTINSTITUTIONALIZED CHILDREN

Given that EF relies on areas of the PFC, early institutionaliza-

tion may disrupt the development of PFC circuitry. In conver-

gence with research on animals, neuroimaging research has

revealed structural and functional changes in the PFC of postin-

stitutionalized children. Specifically, prefrontal cortical volume

was smaller in 12- to 14-year-old postinstitutionalized children

than in nonadopted children raised in their biological families

(29). In addition, Romanian 8- to 10-year-olds who had been

institutionalized had reduced prefrontal cortical thickness com-

pared to nonadopted Romanian children raised in their biologi-

cal families (30). Postinstitutionalized children also exhibited

decreased integrity of prefrontal white matter compared to

nonadopted children (31–33), and this was associated with less

optimal performance on planning tasks (26). PFC volume was

not significantly associated with age at adoption or time in an

institution (29, 30), but reductions in prefrontal white matter

organization were greater in children exposed to longer early

institutional care (33).

Functionally, in late childhood, at-rest metabolism in postin-

stitutionalized children is reduced in the ventromedial PFC and

orbitofrontal cortex (34). In addition, postinstitutionalized

children displayed an altered pattern of amygdala-medial PFC

connectivity compared to nonadopted children (35). Electro-

physiological studies have also pointed to differences between

postinstitutionalized children and comparison groups while per-

forming EF tasks. For example, postinstitutionalized children

had smaller N2 and error-related negativity amplitudes (which

reflect electrical brain activity associated with inhibitory control

and response monitoring following an incorrect response) while

performing EF tasks than nonadopted children and children

adopted from noninstitutional settings (20). Thus, postinstitutio-

nalized children may differ from comparison groups in the neu-

ral correlates of EF.

SUMMARY

Collectively, the studies we have reviewed suggest that postinsti-

tutionalized children are at greater risk of EF deficits, and differ

in the structure and function of PFC systems that support EF.

Researchers used rigorous methods to account for potentially con-

founding risk factors, and evidence that postinstitutionalized chil-

dren had less optimal EF than children adopted from

noninstitutional settings suggests that lower performance on EF

tasks was due, at least in part, to early institutional rearing. Inter-

vention studies also suggest that many of the developmental

effects of institutionalization may be related to institutionalization

itself rather than wholly attributable to genetic or prenatal factors

(1). Thus, consistent with theory and findings from animal models,

exposure to a depriving institutional environment in early child-

hood may have lasting effects on PFC and EF development.

Evidence of postinstitutionalized children’s EF difficulties

was stronger for inhibitory control and working memory than for

planning and, to some extent, shifting. EF components may dif-

fer in their sensitive periods or potential for developmental

recovery. Indeed, EF processes may vary in their developmental

trajectories, with inhibitory control and working memory devel-

oping earlier and thus possibly particularly vulnerable to early

deprivation (7, 36). However, in the studies examining planning

and shifting, each EF component was measured using a single

task, which may not have been consistently sensitive to the

effects of early institutional rearing.

WHY EARLY INSTITUTIONALIZATION MIGHT

INFLUENCE PFC AND EF DEVELOPMENT

Institutions are depriving environments often characterized by

deficiencies that may disrupt children’s development of EF,

such as a lack of opportunities to form attachments, low care-

giver sensitivity and contingent responsiveness, and inadequate

social and cognitive stimulation. The absence of an attachment

figure and low levels of caregiver responsiveness may lead to

dysregulated stress physiology, which in turn undermines the

development of the PFC. Both animal models and studies of

people suggest that being deprived of a caregiver early in life

and experiencing low-quality care compromise the development

and functioning of the hypothalamic–pituitary–adrenal (HPA)

axis, often elevating levels of stress hormones (37). Chronic

stress and elevated HPA axis reactivity can affect PFC structure

and function in strong and enduring ways (38, 39).
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Inadequate social and cognitive stimulation may also affect

PFC and EF development. Caregivers in institutions often do

not interact with children frequently and fail to provide them

with cognitively enriching experiences; in addition, children’s

activities are often the same from day to day, they interact infre-

quently with adults, and they lack books and toys matched to

their interests and developmental ability. In animal models of

cognitive enrichment, those deprived of environmental complex-

ity have reduced cortical thickness due to decreases in synaptic

density and dendritic branching (40). Finally, lack of adequate

nutrition may contribute to EF and PFC abnormalities in postin-

stitutionalized children. For instance, children raised in institu-

tions often have iron deficiency, which predicts lower EF in

postinstitutionalized children (41).

The severity, timing, and duration of exposure to these institu-

tional deficiencies may moderate PFC and EF outcomes. Across

studies, older age at adoption tended to be associated with lower

inhibitory control among postinstitutionalized children. How-

ever, age-at-adoption effects were more equivocal for the other

EF components and for PFC structural outcomes, possibly

because most postinstitutionalized samples included only chil-

dren adopted after 9–12 months. Postinstitutionalized children

adopted from severely depriving institutions after 6 months had

lower inhibitory control, working memory (marginally signifi-

cant), and planning than those adopted before 6 months, sug-

gesting that exposure to severe deprivation beyond the first

6 months may increase the risk of EF problems (19, 28). These

findings increase our understanding of the role of timing and

also suggest that longer early deprivation may heighten the risk

of inhibitory control problems among postinstitutionalized chil-

dren. In addition, genetic background may moderate the effects

of early deprivation, with genetically susceptible children partic-

ularly vulnerable to the effects of early institutional rearing on

planning and PFC structure (42).

IMPLICATIONS FOR PREVENTION AND

INTERVENTION

Disrupted PFC and EF development may be a neurodevelopmen-

tal mechanism that partially explains postinstitutionalized chil-

dren’s increased risk of academic difficulties and emotional and

behavioral disorders. Indeed, lower EF may partially mediate the

association between early institutionalization and emotional and

behavioral difficulties (19, 23). Moreover, reduced prefrontal cor-

tical thickness partially mediated the association of institutional-

ization with inattention and impulsivity, suggesting that atypical

PFC structure may be partially responsible for the markedly ele-

vated rates of attention-deficit/hyperactivity disorder among post-

institutionalized children (30). As such, evaluating children’s EF

shortly after adoption and providing those in need with support

for EF recovery may help prevent these negative outcomes.

Although we do not know yet which services will be effective

with postinstitutionalized children, a variety of interventions tar-

geting EF are effective with other groups. While early interven-

tions capitalize on the considerable plasticity of EF early in life,

interventions provided in later childhood and adolescence also

enhance EF. Following adoption, postinstitutionalized children’s

home and school environments should be structured to support

the development of EF. For example, preschool programs

emphasizing pretend play and those promoting self-regulatory

strategies and social-emotional problem-solving have improved

young children’s EF (43). In addition, both computer-based

training programs (e.g., computer games that progressively

increase demands on working memory) and mindfulness training

(which includes meditation and sensory awareness activities)

have enhanced EF development in older children (44).

CONCLUSION AND LOOKING AHEAD

Given these findings suggesting EF difficulties in postinstitutio-

nalized children, research should specify precisely the PFC

circuits and EF processes affected by early institutionalization,

including further investigation into executive control in emotion-

ally significant contexts and the corresponding neural circuitry.

EF has a protracted developmental course and EF components

may differ in the degree to which they retain plasticity later in

life. Thus, researchers should also examine longitudinal change

in EF processes in adoptive homes from early childhood through

adolescence, and determine whether developmental trajectories

vary by moderating factors such as the timing, duration, and

severity of early deprivation, as well as genetic background.

Early institutionalization may be linked with altered PFC and

EF development via mechanisms including the lack of an early

attachment, reduced environmental complexity, and nutritional

deficiencies. An ideal test of these mechanisms would involve

intervention studies that use random assignment, target these

aspects of institutional environments, and measure stress physi-

ology along with EF and PFC outcomes. Finally, we must iden-

tify effective prevention and intervention strategies that improve

postinstitutionalized children’s development of EF and in turn

support their potential for positive academic and social-

emotional outcomes.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online

version of this article:
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